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Index

a
(AB)nBm type block copolymers 237
AB diblock copolymers 59, 60
accelerated amine mechanism by

monomer activation (AAMMA)
155

acid–base binary catalysts 18
acid catalysts 6–7, 16, 18, 23, 159, 224,

234, 235, 291, 336, 366, 375, 382,
383, 421

activated chain-end (ACE) 6, 7
activated monomer (AM) pathway 223
activated monomer mechanism (AMM)

149
amine-based organo-catalysts

150–156
autocatalysis of 160–165
derivatives 129–131
derived chiral phosphoric acids 13

activators regenerated by electron-transfer
(ARGET) 409

aliphatic polyesters 79, 115, 129, 131,
135, 309, 317

alkali-metal carboxylates (AMCs) 16, 19,
21

alkali-metal salts 3, 9, 19–21
alkoxide-iBu3Al complexation 225
alkylamine/bis-thiourea binary catalyst

132
alkyl-δ-lactones 130
alkynylsilyl end-capped polysiloxanes

302

all-polycarbonate block copolymers
60–62

allyl glycidyl ether (AGE) 50, 66, 69, 82,
87, 222, 225, 231, 238, 258, 259,
261, 268, 270, 276, 278, 279

𝛼-amide-𝜔-hydroxyl PEG 260
amidines 3, 4, 198, 213, 221
amine-based organo-catalysts 150–155
amino acids 173
aminoalcohols 156, 158
𝛼-amino-𝜔-(di)hydroxyl PEOs 230
𝛼-amino-𝜔-hydroxyl PEO 228
amphiphilic block-graft copolymers 222
amphiphilic PEG-b-PγBL diblock

copolymers 120–121
anionic ROP of cyclosiloxanes 291, 292,

297–304
anthraquinone 427
aromatic polyesters 79, 115
atactic PLA 191, 198, 200, 315
atom transfer radical polymerization

(ATRP) 399, 407, 408, 411
autocatalysis of NCA ring-opening

polymerization 160–165
6-azido-1-hexanol 125

b
base catalysts 4–6, 12, 15, 16, 18, 26, 94,

103, 105, 234, 235, 377, 421, 423
base/(thio)urea binary catalyst 118, 121,

131
9-BBN ammonium borane system 277
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9-BBN-derived borane moieties (PBB-Br)
228, 229, 274

9-BBN tethered with ammonium cations
65–67

BBN tethered with phosphonium cations
67–68

1,3,4-benzene tricarboxylic anhydride
(TBA) 57, 154

benzoic acid (BA) 8, 15, 16, 20, 134, 136,
183, 404, 424, 427

benzyl alcohol (BnOH) 124, 125, 128,
135, 136, 199, 200, 202, 206, 210,
277, 279, 295, 313, 318, 320

benzyl bispidine 204
γ-benzyl-L-glutamate 149, 312
ε-benzyl-L-lysine N-carboxyanhydride

(Lys-NCA) 313
𝛽-diiminate zinc acetate [(BDI)ZnOAc]

catalyst 83
bicomponent Lewis pair 88–92
bi-component organocatalysts 203–211
bicyclic guanidines 297
endo-bicyclo[2.2.2]oct-5-ene-2,3-dicarbo-

xylic anhydride (BCODA) 82
bifunctional activation mechanism 118
bifunctional and multifunctional catalysts

9–10
bifunctional and multifunctional

organocatalysts 9
bifunctional borinane compounds 276,

277
bifunctional chiral catalysts 203
bifunctional Lewis pair 92–95
bifunctional multinuclear organoboron

catalysts 67
bifunctional organoboron catalysts 46,

65
9-BBN tethered with ammonium

cations 65–67
BBN tethered with phosphonium

cations 67–68
borinane tethered with ammonium

cations 68–69
bifunctional organocatalyst

Et3N-C5-BBNBr 65

bifunctional organocatalysts 9, 14, 65,
66, 94, 179, 181, 200–203

bifunctional phosphazene-thiourea/urea
organic catalysts 202

bifunctional thiourea-quaternary
ammonium salt catalyst 157

1,1′-bi-2-naphthol (BINOL) 13, 15, 193,
195, 196, 211–213, 279

binaphthol (BINOL)-derived
monophosphoric acids 193, 195,
196, 213

binary Lewis pair systems 258–260
binary TEB/C3N3-Py-P3 system 105
binary TEB/organobase catalyst 94
bio-based epoxides 82
bio-based monomer 83
biodegradable poly(ester-co-carbonate)s

91
biodegradable polymers 15, 23, 28, 79,

115
biodegradable poly(trimethylene

carbonate) (PTMC) 51, 52, 316,
420

bio-derivative polymers 115
bis-amino functionalized POM

[MnMo6O18((OCH2)3CNH2)2]3−

with tetrabutylammonium (TBA)
57, 60, 154

1,3-bis(2,6-diisopropylphenyl)imidazol-2-
ylidene 125

bis(2-(4-formyl-2-methoxyphenoxy)-ethyl)
carbonate (DVEC) 422

bis(heptamethylcyclotetrasiloxanyl)
ethane (Bis-D4) 296

1,3-bis-(hydroxyhexafluoroisopropyl)
benzene (1,3-bis-HFAB) 51, 157,
158

1,3-bis(2-hydroxyhexafluoroisopropyl)
benzene (1,3-BIS-HFAB) 51, 157,
158

1,3-bis(isopropyl)4,5(dimethyl)imidazol-
2-ylidene (IiPr) 227

1,1′-bisnaphthol derivates 335, 336
bisphosphonium photocatalysts 370,

371
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bis-thiourea (Bis-TU1) 132, 134, 206
1-(3,5-bis(trifluoromethyl)-phenyl-3-

cyclohexyl-2-thiourea) (TU) 153
1,3-bis-(2,4,6-trimethylphenyl)imidazol-

2-ylidene 125
bis(triphenylphosphine)iminium (PPN)

phosphonium 54, 55, 84, 183, 185
bisurea 122, 130, 131, 206
block copolymers (BCPs) 310

all-polycarbonate 60–62
CO2-based 55–60
polycarbonate-based block copolymers

46
2-(Boc-amino)ethanol 229
9-borabicyclo[3.3.1]nonane (9-BBN)

65–68, 223, 224, 228, 265, 267, 273,
274, 276

borabicyclo[3.3.1]nonane moiety 94
borane-catalyzed PO/SA

copolymerization 89
borane compounds

bond length and strengths 254
characterization 255
general characteristics of boron and

boranes 253–254
Lewis acidity of (organo)borane

255–256
borane-mediated (co)polymerization 45
borane–thiourea–amine trifunctional

organocatalyst 10
borane trifluoride (BF3) 102, 254, 255,

257
borinane tethered with ammonium

cations 68–69
borohydride ion 254
boronic ester (alkoxyborane) species 90
Brønsted acid catalysts 6, 7, 375
Brønsted acids 6, 101, 193, 220, 223
tBuP4-alcohol system 230, 231
1,2-butylene oxide (BO) 50, 55, 62, 66,

68, 69, 82, 87, 222, 225, 227, 228,
234, 238, 258, 259, 268, 270, 278,
279, 348

t-butyl glycidoxy acetate 90
𝛽-butyrolactone (𝛽-BL) 1

γ-butyrolactone (γBL) 1, 119–124
and derivatives 119–124

c
δ-caprolactone (δCL) 130
ε-caprolactone (εCL) 1, 124, 136, 264
4-carbomethoxyvalerolactone (CMVL)

24
𝛼-carboxyl-𝜔-hydroxyl PEG 259
carboxylic (di)acids 259
𝛼-carboxylic ester-𝜔-hydroxyl polyethers

225
catalytic mechanism of various

organocatalysts
bifunctional activation mechanism

118–119
chain-end activation mechanism 117
electrophilic monomer activation

mechanism 116
nucleophilic monomer activation

mechanism 117
cationic copolymerization of cyclic

hemiacetal esters 23
cationic ROP of cyclosiloxanes 290
ceiling temperature 25, 103, 119, 129
chain-end activation mechanism

116–118, 120, 128
chain transfer agent (CTA-1) 3, 68, 69,

104, 183, 224, 258, 267, 273,
276–278, 367–369, 374, 403

chemical degradation of functional
polymers

ionic liquids and acid-base salts
423–426

organic bases and organic acids
420–423

photocatalytic degradation of
non-functional polymers
426–427

chemically labile moieties into polymer
chains for higher degradability
22–25

chemical recycling 21, 25–29, 130, 419,
423

of polymer materials 25, 26
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chiral and achiral
urea-iminophosphoranes 202

chiral BINOL-derived CPAs 212
chiral organoborane mediated asymmetric

ROP of epoxides 279–281
chiral (R)-BINOL-derived CPAs 211
CHO/CO2 copolymerization 49, 67
chromium salophen complex 83
cis-5-norbornene-endo-2,3-dicarboxylic

anhydride (NA) 82, 86
citraconic anhydride (CA) 82, 175, 185
classical Lewis adducts (CLAs) 309
closed-loop chemical recycling 29, 423
closed-loop recyclable polymers 115, 123
C3N3-Py-P3/TEB system 55
CO2-based block copolymers

all-polycarbonate block copolymers
60–62

CO2-based triblock copolymers 62–65
one-step ter-, quater-polymerization

55–58
polycarbonate block copolymers from

orthogonal polymerization 58–60
CO2-based copolymers 49, 55
CO2-based triblock copolymers 62–65
CO2/epoxide copolymerization system

47
CO2/epoxides copolymerizations 45–55,

65, 66, 69
controlled radical polymerization (CRP)

238, 334, 366, 399–411
CO2/PO copolymerization 54, 56, 57, 61,

67
copolymerization of cyclic acetal

(aldehyde) with cyclic anhydride
100–103

copolymerization of epoxide with cyclic
anhydride

metal catalysts 83–85
organocatalysts 85–86
scope of 82–83

copolymerization of oxetane with cyclic
anhydride 95–97

copolymerization of tetrahydrofuran with
cyclic anhydride 97–100

crown ethers 163, 210, 220, 221, 257
cryptates 220, 221
(3-cyanopropyl)pentamethylcyclotrisil-

oxane (CNPD2) 301
cyclic acetals 23, 24, 28, 81, 100–103,

105, 106
5 cyclic acetals 101
cyclic carbosiloxane 2,2,5,5-tetramethyl1-

oxa-2,5-disilacyclopentane
(TMOSC) 298, 303

cyclic ester 4-ketovalerolactone (KVL)
24

cyclic ester monomers 1, 3, 4, 9, 18, 23,
24, 26–29, 59

with bicyclic structures 27
with heteroatoms 29

cyclic esters, ROP of 25
cyclic hemiacetal esters 22–24
cyclic phosphazene organobases 54
cyclic (thio)ester monomers 173
cyclic trimeric PB CTPB 199
cyclic trimeric phosphazene base (CTPB)

54, 87, 90, 95, 120–123, 129, 136,
199, 209, 295–297, 304

cyclohexene oxide (CHO) 47–51, 55,
58–60, 65–68, 82–83, 86–88, 90, 92,
94–95, 105, 258, 423

cyclopentene oxide (CPO) 65, 66, 68
CyN-C3-BBN2Br dinuclear organoboron

catalysts 66

d
di-and triblock copolymers 59
1,4-diazabicyclo[2.2.2]octane (DABCO)

203, 258, 311
1,8-diazabicyclo [5.4.0]undec-7-ene

(DBU) 3, 4, 8, 11, 14, 57, 127, 129,
135, 137, 153, 198, 204, 205, 209,
210, 225, 238, 258, 279, 317, 319,
420, 424, 425

diazabicyclo[5.4.0]undec-7-ene (DBU)
3, 4, 8, 11, 14, 57, 90, 129, 131, 135,
137, 153, 198, 204, 205, 209, 225,
238, 258, 279, 317, 319, 420, 424,
425
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8-diazabicyclo[5.4.0]-undec-7-ene DBU
amidine 198

N,N-dibenzylglycidylamine (DBGA)
230, 231

𝛼-(di)carboxylic ester-𝜔-hydroxyl
PEO/PPO 229

3,5-dichlorobenzaldehyde 103
diglycolic anhydride (DGA) 82, 88, 90
dihydrophenazine derivatives 330–331
𝛼,𝜔-dihydroxy PPO 228
diiminate ligand skeletons 83
1,3-diisopropyl-4,5-dimethylimidazol-

2-ylidene 126
1,3-diisopropylimidazol-2-ylidene (IiPr)

123, 227, 319, 320
dimethylacridine derivatives 333
4-(dimethylamino)pyridine (DMAP) 3,

4, 8, 9, 18, 19, 83, 92, 117, 131, 134,
135, 176–178, 180, 182, 192, 258,
317, 319, 423, 425

4-(N,N-dimethylamino)pyridine
hydrochloride (DMAP.HCl) 134

5,5-dimethyl-1,3-dioxane-2-one 52
3,3-dimethyl oxetane 52
dinuclear chromium-salan catalysts 84
dinuclear metal-salen catalysts 84
dinuclear/trinuclear multi-chirality

catalysts 85
dinucleating Schiff-base orthovanillin

ligand 84
1,3-dioxolane (DXL) 23
1,3-dioxolan-4-one (DOX) 22, 23
diphenyl phosphate (DPP) 8, 92, 125,

234, 420
4,8-diphenyl-1,5,7-triazabicyclo[4.4.0]

dec-5-ene 198
1,3-di-tert-butylimidazol-2-ylidene (ItBu)

123, 313
di-/triblock co-/terpolymers 234
DMAP/neopentane alcohol 176
dodecanolactone (DDL) 135, 136
dodecylbenzenesulfonic acid (DBSA)

420
double metal cyanide (DMC) catalytic

system 257

dual activation model 9
dual organocatalysts 137, 200–211, 213
dynamic achiral rotaxanes 210

e
eight-membered cyclic diolide (DL) 2,

14, 161, 211
electrophilic monomer activation

mechanism 116, 125
enantiomorphic site control (ESC)

mechanism 192–194, 200, 202,
208, 212

enantiopure glycidyl butyrates (GBs)
232, 263

entropy change of polymerization 25
enzymatic deoxygenation in RAFT

polymerization 400–403
enzymatic initiation of RAFT

polymerization 403–407
enzyme-catalyzed controlled radical

polymerization 399, 400, 411
ATRP 407–411
enzymatic initiation of RAFT

polymerization 403–407
in RAFT polymerization 400–403

epichlorohydrin (ECH) 67, 68, 82, 88,
258

epoxides 219
equilibrium polymerization 124, 129,

290
𝛼-ester-𝜔-hydroxyl PEO 222
Et3B-catalyzed epoxide

homopolymerization 263
Et3B-catalyzed epoxide polymerization

259
Et3B-catalyzed homopolymerization of

epoxides 258
Et3B-mediated ROP of epoxides

binary Lewis pair systems 258–260
mechanism 260–261
poly(alkylene oxide) structures

261–264
ROP of epoxides 256–264

ethylene oxide (EO) 82, 219



�

� �

�

438 Index

2-ethylhexyl glycidyl ether (EHGE)
258

excited state proton transfer (ESPT) 378,
381, 382

exocyclic hemiacetal esters 23, 24

f
five-membered 𝛾-butyrolactone (𝛾-BL)

26
fluorenone 391, 426
fluorescein derivatives 340
fluoride ion affinity (FIA) 256
fluorinated alcohol 157, 158
free-radical polymerization (FRP) 399,

400, 403, 404
frustrated Lewis pairs (FLP) 150, 151,

309
full width at half maximum 341,

343–344
functionalized aminoalcohols 156
functionalized PAHs 328, 329
functionalized polyether

end-group functionalization
228–230

pendant-group functionalization
230–232

functionalized poly(thio)esters 173
𝛼-functional/𝜔-OH heterotelechelic PPOs

278

g
Gibbs free energy change of

polymerization 25
glutaric anhydride (GA) 51, 82, 90, 96,

103, 223, 231, 263
glycidyl azide (GA) 51, 223, 263
glycidyl butyrates (GBs) 232, 263
glycidyl ethers 50, 82, 90, 219, 222, 225,

228, 231, 258, 268, 276, 278
guanidines 4, 198, 213, 221, 291,

297–302, 304
base TBD 127
catalyzed anionic ROP of cyclosiloxanes

297–302
guanidinophosphazene 297

h
heteroatom-doped anthanthrene

derivatives 334
𝛼,𝜔-heterobifunctional PEO 228
𝛼,𝜔-heterobifunctional PPOs 228
N-heterocyclic organic catalysts 135

organo-catalysts before 2010 149–150
heterodinuclear catalysts 84
heterodinuclear Zn/Mg catalyst 84
heterogeneous zinc-cobalt (III) double

metal cyanide complex (DMCC)
catalyst 85

hexaethylcyclotrisiloxane 293
hexahydrophthalic anhydride (HHPA)

82
hexamethylcyclotrisiloxane 293
hexamethyldisilazane (HMDS) 150, 152,

153, 159
2,4,4,6,6-hexa(tetramethyl-guanidyl)

1,3,5,2λ5,4λ5,6λ5-cyclictri
(phosphazene) (HTGCP) 297,
298

hexyl-9-BBN/butyltriethylammonium
bromide 65

higher-temperature tolerance 17–19
hinged polypeptides 161
high molecular weight linear

polysiloxanes 289
high molecular weight poly(𝛾-

butyrolactone) (P(𝛾-BL)) 26
high-molecular-weight polyesters 115
HRP/H2O2/ACAC ternary initiating

system 405
hybrid POM-polypeptide materials 154
hydrogen atom transfer (HAT) cycle

389, 390, 426–428
hydrogen bond donor (HBD) 9, 10, 51,

91, 193, 200, 213, 422
2-hydroxyethyl acrylate 228, 277, 400
hydroxyethylated derivative of vanillin

(HEV) 421
N-(2-hydroxyethyl)maleimide 125
2-hydroxyethyl methacrylate 228
α-hydroxyl-ω-aminotelechelic polypeptide

151
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hydroxyl-terminated linear polyethers
223

hydroxyl-terminated polycarbonates 53
1-hydroxypyrene (PyOH) 382, 383

i
imidazolium-based ionenes 425
intramolecular Lewis acid-base

cooperative catalytic approach
224

ionic catalysts 7–9
ionic liquids and acid-base salts 423–426
isobutylene oxide (IBO) 82, 85
β-isocupreidine 202, 203, 311
β-isocupreidine core 203, 311
isotactic poly(3-hydroxybutyrate) (P3HB)

28, 29, 211, 212
isotactic polypropylene oxide (it-PPO)

280

l
L-LacOCA (L-1) 176
lactide (LA) 1, 3, 11, 13, 23, 62, 116, 131,

133, 134, 173, 191, 192, 238, 264,
309, 316, 379

rac-lactide 198, 311–313, 315, 316, 319,
380

large-membered lactones 135–136
Lewis acidic tris(pentafluorophenyl)

borane (B(C6F5)3) 102, 203, 223,
311, 313

Lewis acidity of (organo)borane 255–256
Lewis acids 6, 48, 90, 101, 220, 223, 227,

255, 256, 272, 273, 310
Lewis pair

catalytic ROP of cyclic esters 309–310
mechanisms for 310

used for ROP of cyclic esters
metal halide-based Lewis pairs

318–322
organo zinc-based Lewis pair

315–318
organoaluminum-based Lewis pair

313–314

organoboron-based Lewis pair
311–313

Lewis pair polymerization (LPP) 282,
309, 312–317, 320, 321

linear oligomer siloxanes 289
linear poly(cyclohexene carbonate)s

(kp1,2 > kp1,1 and kp2,1 > k−p2,1) 47
Liptrot’s group 422
living/controlled anionic polymerization

220
low-tension heterocyclic compounds

100

m
macrocyclic (co)polyethers 228
macromolecular organoborane mediated

ROP of epoxides 272–274
main-chain oxygenated polymers 219
maleic anhydride (MA) 82, 85, 106, 404
maximum absorption wavelength 341,

344
Mayr nucleophilic parameter 3
Mayr reactivity parameters 3
3 and 4-membered cyclic ethers 97
merocyanines (MEH) 379, 380
Me6TREN/bis-thiourea (Bis-TU2) 133
meso-lactide 311, 312
metal-based catalysts 45, 174, 185, 191,

213, 219, 221, 257, 280, 281, 291,
419

metal catalysts 1, 3, 83, 85, 88, 91, 95,
106, 185, 384

metal-free oxetane/CO2 coupling 51
metal halide-based Lewis pairs 318–322
𝛼-(meth)acrylate-𝜔-hydroxyl PPOs 228
methanesulfonic acid (MSA) 9, 18, 82,

125, 134, 420
2-methoxyethyl acrylate (MEA) 405
𝛼-methylbenzyl cyanide 228
2-methyl-2-butene 28
α-methylene-γ-butyrolatone (MBL) 122,

123
4,4′-methylene diphenyl diisocyanate

(MDI) 121
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α-methylene-δ-valerolactone (MVL)
122, 131

(2S,3R,4S,5S)-1-methyl-4-nitro-3,5-
diphenylpyrrolidine-2-carboxylic
acid 209

(2S,3S,4R,5S)-1-methyl-4-nitro-3,5-
diphenylpyrrolidine-2-carboxylic
acid 209

methylsuccinic anhydride (MSA) 18, 82,
125

7-methyl-1,5,7-triazabicyclo[4.4.0]
decane-5-ene (MTBD) 11, 57,
127, 129, 135, 198, 258, 298, 317

7-methyl-1,5,7 triazabicyclo[4.4.0]
dec-5-ene (MTB) 225, 258, 298

γ-methyl-L-glutamate 149
β-methyl-δ-valerolactone (βMδVL) 129,

130
modified organoborane mediated ROP of

epoxides
macromolecular organoborane

272–274
one-component ammonium

borane-based Lewis pair systems
265–269

one-component phosphonium
borane-based Lewis pair systems
269–272

poly(alkylene oxide) structures
274–279

silicon-based borane Lewis pair system
272

molar extinction coefficient 341,
344–345

mono-component bifunctional
organocatalysts 200–203

monofunctional cyclotrisiloxanes 300
mono-substituted aldehydes 102
monosubstituted epoxides 219, 222, 225,

231
mono(thio)ureas 206
morpholino-2,5-dione derivatives (MDs)

153
multifunctional tetrabutylammonium

carboxylates 53

n
nanoscale metalorganic frameworks

(MOF) 164
N-carboxyanhydrides (NCAs) 312
neopentyl alcohol (neo-PentOH) 315
NHC-Zn(C6F5)2 315
N-heterocyclic carbenes (NHCs) 3, 117,

123–126, 135, 175, 178, 196–198,
205, 206, 213, 222, 227, 257, 258,
291, 303, 319

catalyzed anionic ROP of cyclosiloxanes
303

N-heterocyclic olefins (NHOs) 121, 135,
206, 222, 257, 258, 314, 320, 321

N-heterocyclic phosphine (NHP) 422
N-hydroxyphthalimides (NHPIs) 427
N,N′-bis[3,5-bis(trifluoromethyl)phenyl]

thiourea (TU-S) 156
N,N′-bis(salicylidene)cyclohexanediamine

chromium (III)
chloride[(salen)CrCl] 83

N,N-dimethylcyclohexylamine/TEB 58
N,N′,N′′-trihydroxyisocyanuric acid

(THICA) 427
nonafluorobutanesulfonimide (Nf2NH)

99
non-alcohol protonic compounds 222
non-equilibrium polymerization 290
non-eutectic mixture organocatalysts

(NEMO) 18
non-ionic phosphazene base t-BuP4 293
non-nucleophilic tetrafluoroborate anion

(BF4
–) 150

normal amine mechanism (NAM) 154
nucleophilic catalysts 3
nucleophilic monomer activation

mechanism 117
N-unsubstituted diketopyrrolopyrrole

derivates 336

o
O-ATRP

1,1′-bisnaphthol derivates 335–336
dihydrophenazine derivatives

330–331
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dimethylacridine derivatives 333
heteroatom-doped anthanthrene

derivatives 334–335
mechanism of 328
N-unsubstituted diketopyrrolopyrrole

derivates 336
organic donor–acceptor scaffolds

333–334
phenothiazine derivatives 329–330
phenoxazine derivatives 331–332
polynuclear aromatic hydrocarbons

328–329
OCA polymerization

ROP catalyzed by acid/base adducts
178–179

ROP catalyzed by DMAP 176–178
ROP catalyzed by N-heterocyclic

carbenes 178
thiourea-based organocatalysts

179–182
octamethylcyclotetrasiloxane (D4) 293
offspring [3.2.1] bicyclic lactone 123
oligomeric α,ω-dihydroxyl PTMC 51
one-component ammonium borane-based

Lewis pair systems 265–269
one-component phosphonium

borane-based Lewis pair systems
269–272

one-pot two-step block copolymerization
232–236

one-step block copolymerization 232,
236–240

one-step ter-, quater-polymerization
55–58

onium chloride salts 52
organic acids for stereoselective ROP of

rac-LA 193–196
organic bases 9, 11, 19, 57, 86–92,

196–200, 213, 291, 317, 319, 377,
420–423

and organic acids 420–423
organic catalysis for polymerisation 420
organic donor–acceptor scaffolds

333–334

organoaluminum-based Lewis pair
313–314

organobase catalysts 4, 15, 16, 18, 94,
234

organobases 11, 54, 120–123, 129, 132,
133, 198, 220, 221, 257, 258, 260,
420

organoboron-based Lewis pair
311–313

organocatalysis for depolymerisation
420

organo-catalysts before 2010 149–150
organocatalysts 85, 156–160

for SCA polymerization 182–185
organo-catalytically copolymerizable

epoxide monomers with CO2

45–46
other organo-catalysts 156–160

organocatalytic ROP of lactones or
lactides

γ-butyrolactone and its derivatives
119–124

ε-caprolactone (εCL) 124–129
lactide 131–134
large-membered lactones 135–136
δ-valerolactone (δVL) 124
δ-valerolactone derivatives 129–131

organocatalyzed stereoselective
ring-opening (co)polymerization

dual organocatalysts 200–211
mechanisms in 192–193
organic acids 193–196
organic bases 196–200
other cyclic monomers 211–213

organophosphazene base t-BuP4 120
organophosphazene bases 86, 87, 127,

135, 137
organo zinc-based Lewis pair 315–318
O(S)-carboxyanhydrides (O(S)CAs)

173
racemization of α-proton 175–176
synthesis and purification of 175

6-oxabicyclo[3.2.1]octan-7-one (BiL)
123, 124
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oxetane (OX) 51, 52, 69, 95–97, 103, 105,
106

oxidative quenching pathway (OQP)
325, 326, 328, 336–338, 347, 350,
352, 353

p
PB-Et3B two-component organocatalysts

229, 232, 237
PDMS bi-terminated with bromoaryl

groups 302
PEG-PBLG amphiphilic macroinitiators

163
ω-pentadecalactone (PDL) 2, 135, 136,

317, 319–321
58𝜔-pentadecalactone (DL) 2, 161, 211
2,3,4,5,6-pentafluorobenzyl alcohol 125
pentamethylene-(CH2)5-linked

triphenylphosphonium bromide
(Lewis base) 4, 18, 69, 85, 88, 91,
94, 221, 255, 265, 269, 309

petroleum-based methyl methacrylate
(MMA) 122, 328, 329, 331, 334,
336, 404

PGC-based amphiphilic and double-
hydrophilic copolyethers 232

phenoxazine derivatives 331–332
phenyl containing prepolymers (p-PDMS)

296
phenyl glycidyl ether (PGE) 50, 82, 258,

268, 278
3-phenyl-1-propanol (PPA) 125, 134,

159, 193
phenyl trimethylsilyl sulfide (PhS-TMS)

158, 159
phosphazene bases (PBs) 11, 20, 54, 86,

87, 90, 105, 127, 135, 137, 198, 199,
220, 221, 291–293, 297, 304

phosphazene motifs 202
phosphazenes 4, 6, 9, 13, 54, 198–200,

207, 209, 213, 293
phosphazene-type organobases 257
phosphazenes catalyzed anionic ROP of

cyclosiloxanes

cyclic trimeric phosphazene base
295–297

guanidinophosphazene 297
phosphazenium hydroxide P5OH

293–294
Schwesinger’s phosphazene bases 293
trisphosphazene base-C3N3-Me-P3

297
phosphazenium hydroxide P5OH

293–295
phosphines 3, 84, 117, 131, 269, 372
phosphonium alcoholates 302
phosphonium-bridged bisborane

organo-initiator/catalyst 269
phosphorus ylides 291, 302–303
phosphorus ylides catalyzed anionic ROP

of cyclosiloxanes 302–303
photo-acid generators (PAGs) 366–378
photobase generators (PBGs) 377
photo-controlled polymerization 353,

365, 366, 378, 381
photo-excited photocatalyst 367
photo-responsive azobenzene-based TU

205
photocatalytic degradation of

non-functional polymers
426–427

photocatalyzed reversible deactivation
radical polymerization
(photo-RDRP) 325–327, 341, 347,
350, 352–354

photocontrolled ring-opening
polymerization

ArOH as ESPT catalysts 381
azobenzene compounds 379
hydroxypyrene 382
L-lactide monomer 379
MEH transforms 379
PAGs 377
photochromic NHC catalyst 378
photo-cyclization mechanism 379
photo-switchable catalysts 378
photo-switchable ROP 378
photoinduced irreversible decompo-

sition or isomerization 378



�

� �

�

Index 443

PyOH 382
reversible MEH-type photoacids

380–381
visible light-regulated ROP of lactones

383
photocontrolled step-growth

polymerizations
bis(silane)s and bisolefins 390–391
electron-rich dienes 390
hydrosilylation 389, 390
photocatalytic thiol-ene aqueous

emulsion polymerization 389
[2 + 2] photopolymerization 390
thiol-ene click reactions 387, 388

photoenzymatic RAFT polymerization
404, 405

photoinduced electron/energy transfer
reversible addition fragmentation
chain transfer (PET-RAFT)

chain transfer mechanism 340
fluorescein derivatives 340
mechanism of 337–338
phthalocyanine derivatives 340
porphyrin derivatives 338–339

photoinitiated cationic polymerization
acridinium salts 372
bisphosphonium-mediated 370–371
chain growth 368
p-MOS 367
PAGs 366
phosphonium photocatalysts 372
phosphonium salts 372
stereoselective photocontrolled 376
temporal control and proposed

mechanism 374–375
tritylium photocatalysts 374

photoinitiated polymerization 365
photon absorption

full width at half maximum 343–344
maximum absorption wavelength 344
molar extinction coefficient 344–345
theory for absorption spectrum

342–343
Ph3P-Cn-BBNX bifunctional

phosphonium 9-BBN catalysts 68

phthalic anhydride (PA) 55, 57, 58, 82,
83, 87, 88, 90–92, 94, 95, 97, 104,
105, 237, 238

phthalocyanine derivatives 340, 341
P(LA-co-CL) copolymer 20
plastic pollution 419
plastic waste 21, 25, 29, 419, 425, 426
PLLA-b-PδCL-b-PLLA triblock

copolymers 130
PLLA–PβMδVL–PLLA triblock polymers

129
poly(L-7) 177
poly(acetal-alt-ester)s 101
polyacetal-b-polyether block copolymer

232, 234
poly(alkylene oxide) structures 261–264,

274–279
poly(bisphenol A carbonate) (BPA-PC)

421, 425
poly(butyleneadipate-co-terephthalate)

79
poly(butylene succinate) 79
poly(𝜀-caprolactone) 1, 20, 80, 234, 309,

422
poly(4-carbomethoxyvalerolactone)

(PCMVL) 24
polycarbonate-based block copolymers

46
polycarbonate block copolymers from

orthogonal polymerization 58–60
poly(carbonate-ester) copolymers 55
polycarbonate polyols 53, 69
polycarbonates 45–53, 55, 59, 62, 64,

68–70, 103, 234, 420
poly(cyclohexene carbonate) (PCHC)

47, 48, 57, 60–62, 64, 68–70, 105,
422, 423

polydepsipeptides (PDPs) 153
polydiethylsiloxane (PDES) 296, 297
poly(dimethylsiloxane-co-diethylsil-

oxane)s (PMESs) 296
polydimethylsiloxanes (PDMSs)

293–295, 297, 301
poly(1,4-dioxan-2-one) (PPDO) 28
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polyester-based block copolymer
103–105

polyester-based block-like copolymers
16

poly(ester-b-carbonate) block copolymers
58, 59

poly(ester-b-carbonate) diblock
copolymers 58

polyester-b-polycarbonate di-block
copolymers 105

poly(ester-co-carbonate) tapered
copolymers 57

poly(ester-ether) multiblock copolymers
264

polyesters 79
general reactions to prepare 79–80
synthesis route for 79

polyether-based block copolymers 219,
220, 232

one-pot two-step block
copolymerization 232–236

one-step block copolymerization
236–240

polyether-b-PCL-b-PLLA triblock
terpolymers 236

polyether-b-polyester/polycarbonate
block copolymers 234

poly(ethylene carbonate) (PEC) 50, 57
poly[(ethylene carbonate)-co(ethylene

oxide)] (PECEO) 50
poly(ethylene glycol) monomethyl ether

121
poly(ethylene oxide) (PEO) 50, 91, 221,

222, 224, 225, 227–234, 256, 258,
262, 276, 278

polyethylene terephthalate (PET) 79,
420, 423–425

poly(glycidyl azide carbonate) 51
poly(glycidyl azide) ether 51
poly(glycidyl phenyl ether)-b-polylactide

block copolymers 236
polyglycolide (PGA) 24, 173, 263
poly(hemiacetal ester)s 23, 24
poly(hydroxy acid)s 173

polyhydroxyalkanoates (PHAs) 28, 79,
119

poly(4-hydroxybutyrate) (P4HB) 119,
121

poly(hydroxyl alkanoates) (PHAs) 28,
79, 119

poly(lactic acid) (PLA) 1, 10, 11, 13–15,
17, 18, 20–23, 28, 62–64, 79, 80,
103, 173, 180, 191–193, 196–200,
202–206, 210, 309, 313, 315–317,
422, 423

poly(lactic acid)-b-poly(alkyl-𝛿-lactone)-
b-poly(lactic acid) triblock
copolymer 11

polylactide (PLA) 1, 10, 11, 13, 14, 17,
18, 21–23, 28, 62–64, 79, 80, 103,
131, 173, 180, 191–193, 196–200,
202–206, 209, 210, 236, 280, 309,
313, 315–317, 422, 423

poly(L-lactide) (PLLA) 13, 14, 23, 63,
119, 131, 133, 134, 191, 199, 203,
206, 234, 311, 312

poly(mandelic acid)s (PMAs) 179, 180
poly(methacrylic acid) (PMAA) 61
polynuclear aromatic hydrocarbons

(PAHs) 326, 328–329
polyolefin-b-PEO hybrid amphiphilic

block copolymers 234
polyoxometalates (POMs) 154
polypeptide brush 160
polypeptides 147, 150–159, 161, 163,

165, 166, 312
poly(propylene carbonate) (PPC) 53, 55,

57, 58, 60–63, 67, 69, 70, 91
poly(propylene carbonate-co-propylene

oxide) (PPPC)-based ABA triblock
copolymers 62–64

poly(propylene carbonate phthalate)
(PPC-P) copolymers 58

polysarcosine 160
polysiloxanes 289–304
polystyrene(PS)-b-poly(p-hydroxystyrene)

diblock copolymers 222
polytetrahydrofuran (PTHF) 102
polythioesters 173, 176, 183
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polytrimethyl carbonate (PTMC) 51, 52,
316, 420

poly(vinyl monomers)-b-poly(epoxides-
alt-anhydride)-b-poly(rac-LA)
triblock copolymer 104

poly(4-vinylphenol) (PVP) 223, 273
poly(4-vinylphenol) and 9-borabicycl

[3.3.1]nonane (9-BBN) 65, 67–68,
223, 224, 228, 265, 267, 274, 276,
277

poorly reversible pollutant 419
porphyrin derivatives 338–339
positive Gibbs free energy change 119
PPO-b-PEO-b-PPO triblock copolymers

(Pluronic R) 222, 224, 232, 276
PPO-b-PLLA-b-P(PA-alt-PO)-b-PLLA-b-

PPO pentablock terpolymers 238
propylene oxide (PO) 82, 156, 219, 265,

275
proton-coupled electron transfer (PCET)

405
proton-mediated dual catalysis 310
PTPU-b-PPPC-b-PTPU (U-PC-U) ABA

triblock copolymers 64
pure diblock poly(ester-b-carbonate)s 58
PVL-b-PCL diblock copolyester 129
pyromellitic dianhydride (PMDA) 58

q
quadri-block copolymer 104
quadripolymers 55
quaternary ammonium salt (QAS) 65,

88, 92, 94, 156, 157, 220

r
racemic 𝛽-butyrolactone (rac-𝛽-BL) 13
racemic lactide (rac-LA) 9, 13, 15, 63,

104, 131, 133, 191–213, 311
racemic seven-membered cyclic

substituted caprolactones (CLs)
212

racemization of α-proton 175–176
radical polymerization

O-ATRP
dihydrophenazine derivatives

330–331

dimethylacridine derivatives
333–334

heteroatom-doped anthanthrene
derivatives 334–335

mechanism of 328
N-unsubstituted diketopyrrolopyr-

role derivates 336
organic donor–acceptor scaffolds

333–334
phenothiazine derivatives 329–330
phenoxazine derivatives 331–332
polynuclear Aromatic Hydrocarbons

328–329
photo-controlled organocatalyzed

radical polymerization 325–327
rare earth (RE) complexes 151
representative acid–base mixed or salt

organocatalysts 19
representative Brønsted acid catalysts 6
representative Brønsted base catalysts 5
reversible addition-fragmentation chain

transfer (RAFT) polymerization
61, 238, 337–341, 366, 399

reversible deactivation radical
polymerization (RDRP) 399

ring opening alternating copolymerization
(ROAC) 80, 81, 90, 105

ring-opening metathesis polymerization
(ROMP) 366, 384–387

electrochemical intermolecular olefin
cross metathesis 384

metal-free 385, 386
photoredox catalysis 384
traditional trantision metal-catalyzed

386, 387
transition-metal-based olefin

metathesis 384
ring-opening polymerization (ROP) of

cyclic esters
degradability and recyclability 22
polyesters 2
polymerization mechanism 3–10
recent trends in organocatalyst

development
high selectivity 12–17
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ring-opening polymerization (ROP) of
cyclic esters (contd.)

higher catalytic efficiency 11–12
higher-temperature tolerance

17–19
safety considerations 19–21

representative organocatalysts for 2
ring-opening polymerization (ROP) of

cyclic lactones 1, 80, 309
ring-opening polymerization (ROP) of

epoxides 256
functionalized polyether

end-group functionalization
228–230

pendant-group functionalization
230–232

polyether-based block copolymer
one-pot two-step block

copolymerization 232–236
one-step block copolymerization

236–240
single-component catalyst 221–225
two-component catalyst 225–227

ROP catalyzed by acid/base adducts
178–179

ROP catalyzed by DMAP 176–178
ROP catalyzed by N-heterocyclic carbenes

178

s
salicylaldimine skeletons 83
sarcosine-derived

N-thiocarboxyanhydrides
(Me-NNTA) 153

SCA polymerization, organocatalyst for
182–185

Schwesinger’s phosphazene bases 292,
293

(self-)switchable (co)polymerization 236
semi-aromatic polyester 79, 80, 82
silicon-based borane Lewis pair system

272
silicon-centered alkyl borane/ammonium

salt binary catalyst 272
single-component catalyst

acid 223–225
base 221–223

single oxygen cycle 427, 428
9 six-membered cyclic anhydrides 101
six-membered cyclic ester monomer 28
solvent polarity 119, 261
(–)-sparteine 204
stereoregular polyester 86
stereoselective polymerization of

propylene 191
structure-property-performance

relationships
activation 350–352
chemical and geometric structures

342
deactivation 352
excited state evolution

quantum yield for long-lived state
346–347

theory for fluorescence 347–348
theory for internal conversion

348–349
theory for intersystem crossing

349–350
photon absorption

full width at half maximum
343–344

maximum absorption wavelength
344

molar extinction coefficient
344–345

theory for absorption Spectrum
342–343

property-performance relationships
353–354

styrene oxide (SO) 50, 51, 68, 87, 90, 222,
225, 258

succinic acid 69, 82, 119
sugar derivative 3-(benzyloxymethyl)-

3-ethyloxetane (BMEO) 95
sulfonium-type PAGs 377
sustainable isotactic poly(thio)esters

175
synthetic polypeptides 147, 166
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t
Takemoto’s catalyst 9, 10, 14, 200, 209
tBu-P1/Et3B binary system 260
t-BuP4 phosphazenium 54
TEB-bonded carboxylate (alkoxide)

anions 90
TEB catalyzed CO2/epoxides

copolymerization
development of 50–55
discovery of 46–49

TEB/PPNCl Lewis pair 58
TEB/PPNCl Lewis-pair organocatalyst

58
TEB/tetrabutyl ammonium m-phthalate

(A-mPhA) pair 57
telechelic PγBL diols 121
terephthalamide-and urea-based

bis-imidazole products 425
terpolymerization of CO2/epoxides/cyclic

anhydrides 104
tert-butyl glycidyl ether (TBGE) 225, 258
2-tert-butyl glycolate 229
2-tert-butylimino-2-diethylamino-1,3-

dimethylperhydro-1,3,2-diazaphos-
phorine BEMP 199

tert-butylimino-tris(dimethylamino)
phosphorane P1-t-Bu 199

2-tert-butylimino-2-diethylamino-1,3-
dimethylperhydro-1,3,2-diazaphos-
phorine BEMP 199

1-tert-butyl-2,2,4,4,4-pentakis(dimethyl-
amino)-2λ5, 4λ5-catenadi
(phosphazene) P2-t-Bu 199

tethered bifunctional thiourea-amines
200

tetraalkylammonium carboxylate-
initiated open vessel NCA
polymerization 155

tetraalkylammonium carboxylates ion
pairs 154

tetraalkylammonium hydroxide 291
tetrabutylammonium 51–54, 60, 154,

274
tetrabutyl ammonium chloride (TBACl)

274

tetrabutylammonium iodide 51
tetrabutylammonium salt of succinic acid

(TBASA) 274
tetradentate sulfur ligands 84
tetrahydrofuran (THF) 50, 81, 97–103,

105, 106, 125, 129, 130, 150, 151,
153, 154, 159, 178, 197, 206, 221,
222, 227, 279, 313, 316, 321, 422

tetrahydrophthalic anhydride (THPA)
82, 238

tetrahydropyranyl glycidyl ether (TGE)
231, 232

tetrakis[tris(dimethylamino)
phosphoranylidenamino]
phosphazenium chloride (P5Cl)
294

tetrakis[tris(dimethylamino)
phosphoranylidenamino]
phosphazenium hydroxide (P5OH)
293, 294

tetramethyl glycolide (TMG) 28, 153,
154

1,1,3,3-tetramethyl guanidine (TMG) 28,
153, 154

1,3,4,5-tetramethylimidazol-2-ylidene
126

2,4,6,8-tetramethyl-2,4,6,8-tetraphenyl-
cyclotetrasiloxane 296

tetra-n-butylammonium acetate (TBAA)
220

tetra-n-butylammonium fluoride (TBAF)
220

timeline of initiators and
organo-catalysts for 147–148

tetraphenyltetramethylcyclotetrasiloxane
(P4

Me) 293
thiodiglycolic anhydride (TDGA) 82
𝛼-thioester-𝜔-hydroxyl PEO/PPO 229
thiourea/amine binary catalyst 131, 132
thiourea-based bifunctional

single-molecule organocatalysts
175, 179, 185

thiourea-based organocatalysts 179–182
(thio)urea/PPNCl Lewis pair 91
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(thio)ureas 3, 11, 16, 62, 91, 92, 95, 129,
132, 133, 137, 205, 206, 209

(thio)ureas catalysts 92
1,5,7-triazabicyclo[4.4.0]dec-5-ene (TBD)

4, 51, 118, 198, 258, 298
2,4,6-tris[tri(dimethylamino)iminophos-

phorane]-1,3,5-triazine
(C3N3-Me-P3) 54, 87, 209, 297

2,4,6-tris[tri(1-pyrrolidinyl)-iminophos-
phorane]-1,3,5-triazine
(C3N3-Py-P3) 54, 87, 105, 209, 297

trans-fused bicyclic and bridged lactones
27

tin(II) 2-ethylhexanoate (Sn(Oct)2) 1,
17, 20, 28, 121, 130, 131

triaryl and trimethyl boroxines 223
triazabicyclo[4.4.0]dec-5-ene (TBD) 4, 5,

9, 18, 51, 90, 118, 120, 123, 124,
127, 129, 131, 135, 137, 153, 198,
225, 258, 298, 420, 421, 423–425

1,5,7-triazecyclic [4.4.0] dec-5-ene (TBD)
4, 5, 9, 18, 51, 90, 118, 120, 123,
124, 127, 129, 131, 135, 137, 153,
198, 298, 299, 420, 421, 423–425

tributylaluminum (TiBA) 46–48, 67
tributyl borane (TBB) 51
triclocarban (TCC) 129
triethylborane (Et3B/TEB) 16, 45, 52,

57–60, 62, 64, 65, 67–69, 88–92, 95,
96, 103–105, 223, 225, 227,
230–239, 256–265, 267, 268,
279–281

trifluoromethanesulfonimide (HNTf2)
125

trimethylborane 254

trimethylene carbonate (TMC) 9, 18, 21,
51, 52, 235, 315, 316

trimethyl glycine 9, 21
trimethylsilyl amine substituted

polynorbornene 160
trispentafluorophenylborane (B(C6F5)3)

102, 203, 223, 257, 311, 315
1,3,5-triphenyl-1,3,5-tri(ptolyl)cyclotrisil-

oxane (PT3) 299, 300
trisphosphazene base-C3N3-Me-P3 297
tri-thiourea catalyst 156
tulipalin A 122
two-component catalyst 225–227

u
ultrahigh molecular weight (UHMW)

polymers 400, 401, 404, 405, 407,
411

unfunctionalized PAHs 328

v
δ-valerolactone (δVL) 1, 123–125,

127–131, 135, 136, 264, 320, 379

w
water-soluble polyesters 177

z
Zn(C6F5)2-based Lewis pair 317
ZROP-of rac-LA 197
zwitterionic 310

intermediate 3
ROP 197
species mechanism 317

zwitterions 9, 126


