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ABA-type hard-soft-hard triblock 

copolymers 73
acetone-formaldehyde tannin resin 

(AFTR) 259
acid hydrolysis 246
acrylated abietic acid-g-bacterial 

cellulose 130
(meth)acrylate monomers 182

N-alkylhydroxyl amides 191
fatty acid methyl esters 182
fatty acids 184
fatty alcohols 186
structures of 183

acrylipimaric acid (APA) 104
acyclic diene metathesis (ADMET) 

polymerization 111
aldehyde crosslinkers 257
aliphatic polycarbonates 316–317
Aliquat 336 190
alkyds 160
N-alkylhydroxyl amides 191

alloocimene anionic 
polymerization 73

cationic polymerization 71–72
coordination polymerization 74–75
polymerization 76
radical polymerization 69, 70

α-and β-phellandrenes 76–77
α-methyl-p-methylstyrene (AMMSt) 74
α-methylstyrene (αMeSt) 57
α-ocimene

anionic polymerization 73
cationic polymerization 71–72
coordination polymerization 74–75

polymerization 76
radical polymerization 69, 70

α-pinene 155
cationic polymerization 63
polymerization 64

amidoamine epoxy resins 166
amidoamine modified epoxy resin 

esters 166
amphiphilic poly(ethylene glycol) 118
amphiphilic proteins 26
amphiphilic random copolymer 

poly(2-VOES-ran-
TEGEVE) 202

amphiphilic rosin grafted cellulose 
composite 133

anionic polymerization 186
anti-1,4-cyclohexadiene diepoxide 291
APA derived monomers 109
aromatic polyols 164
asymmetric monothiocarbonate 

structure 300
atom transfer radical polymerization 

(ATRP) 60, 187
Australian wheat flour 255
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β-caryophyllene and 

α-humulene 78–79
β-farnesene 77–78
β-myrcene

anionic polymerization 73
cationic polymerization 71–72
coordination polymerization 74–75
polymerization 76
radical polymerization 69, 70
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β-pinene
cationic polymerization 57
polymerization 62
radical copolymerization 60

bifunctional resin derived 
monomer 111

bio-based cycloolefin polymer 58
bio-based epoxide 290
biodegradable aliphatic 

polycarbonates 316
biodegradable linear polyesters 5
biodegradable polycarbonate 288
biodegradation 269
biomass filler 271
biomass monomers 288
Biopol 28
biorefinery raw biomass feedstock 6
biorenewable and low-cost dicarboxylic 

acids 293
biotechnologically derived 

monomers 5
bis(cyclic-carbonate)s 295
block copolymers 11
branched acrylate monomers 184
branched polymers 35
N-bromosuccinimide (NBS) 60
bulky rosin derived monomers 106
n-butyl acrylate (BA) 60
n-butyl methacrylate (BMA) 67

c
carbon footprint 1
cassava starch film 241
cassava starch films 239
cationic polyol 97
C1-based polycarbonate polymers 8
C1-based polymers

mechanical property 306
optical property 306
thermal property 304

Cell-g-P(BA-co-DAEMA) 128
Cell-g-P(LMA-co-DAEMA) 128
cellulose-g-poly(lauryl methacrylate-co-

dehydroabietic ethyl 
methacrylate) 
(Cell-g-P(LMA-co-
DAEMA)) 126

cellulose-g-poly(n-butyl acrylate-co-
dehydroabietic ethyl 
methacrylate) 
(Cell-g-P(BA-co-
DAEMA)) 126

cellulose I 229
cellulose micro/nanofibrils 234–235
cellulose nanocrystals (CNCs) 99, 

234–236
cellulose nanofibrils (CNF) 236
2-chloroethyl vinyl ether (CEVE) 58
CHO/CO2 copolymerization 331
clustered regularly interspaced short 

palindromic repeats interference 
(CRISPRi) 23

cobalt precursor 331
co-complexing agents 326–329
CO2/epichlorohydrin 

copolymerization 291
CO2/epoxide copolymerization

biomass monomers 288
carbon-oxygen bond 281
heterogeneous Zn-Co (III) 

DMCC 281
commercial available epoxide-

functionalized copolymer 37
complexing agents 325–327
controlled/living radical polymerization 

(CRP) 113
copolymerization of CO2 and 

epoxides 318
copolymer P(EtOx-co-DecenOx) 197
COS/epoxide copolymerization

Abbe’s refractometer 300
binary (salen)CrCl/PPNCl catalyst 

system 302
carbonate linkages 301
electron-poor methine carbon 304
O/S exchange reaction 301
phenyl glycidyl ether 302
“polar” group terminated 

epoxides 302
poly(cyclohexene 

monothiocarbonate) 301
poly(ethylene thiocarbonate) 299
propagating process 300
propagating stage 300
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propylene oxide 300
ring-opening reaction 302
(salen)CrCl 299
sulfur propagating center 303
tetramethyltetraazaannulene CrCl 304

CO2/epoxide copolymerization
carbon-oxygen bond 280
heterogeneous catalysts 280
homogeneous metal catalysts 280
parameters 281

Co-Zn DMC 339
Crivello salts 210
crude tall oil (CTO) 151
crystallization kinetics 46
CS2/epoxide copolymerization

asymmetric bis-Schiff-base 
ligand 297

cyclopentene oxide 298
diethyl zinc 296
gas chromatography-mass 

spectrometry 296
gel permeation chromatography 296
1H NMR spectra 299
mixed-species scrambling 298
onium salt cocatalysts 298
O/S scrambling phenomenon 297
oxygen/sulfur exchange 

reaction 296
oxetane 298
poly (thiocarbonate)s 296
propylene oxide 296
reaction temperature 298
(salen)CrCl/bis(triphenylphosphine)

iminium chloride (PPNCl) 
system 297

(salen)CrCl/onium salt catalyst 
system 298

sulfur-containing polymers 295cumyl 
trithiocarbonate (CumSC(S)
SBu), 68

curcumin 212
cyclic conjugated aldehydes 78
cyclic hexane vinyl ether 

(CHVE) 202
cyclic monoterpene 288
cycloaliphatic and aromatic 

compounds 103

1,4-cyclohexadiene oxide 
(CHDO) 291

cyclohexene oxide (CHO) 291

d
DA grafted ethyl cellulose 133
Daltola P744 93
DecenOx 196
dehydroabietic acid (DA) 104
1,8-diazabicyclo[5.4.0]

undec-7-ene 292
diblock copolymers 117
dicyclopentadiene 171
dicyclopentadiene-rosin polymer 

blend 170
dimer acid epoxy resin adducts 166
divinylbenzene (DVB) 220
double-metal cyanides (DMCs)

biodegradable polycarbonates 342
CO2 315
cobalt precursor 331
co-catalyst role 332–333
co-complexing agents 326–329
complexing agents 325–327
copolymerization, hybrid 

catalysts 334
copolymerization, nano-lamellar 

catalysts 335–336
copolymerization of CO2 and 

epoxides 318
crystallinity and crystal 

structure 337
hexacyanometallates 323
high energy processes 316
low energy processes 316
method of preparation 337–341
methods of synthesis 322
polycarbonates 317
reaction mechanism of 

copolymerization 340, 
 342

structural variation 319, 321
zinc precursor/halide 

precursor 329, 330
of dried modified methylaluminoxane 

(dMMAO) 68
DuPontTM 3
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e
emulsion aggregation toners 170
end-functionalized polymyrcene 74
enzymatic cocktail OptimashTM 

VR 239
enzymatic hydrolysis 246
epichlorohydrin (ECH) 291
epoxide-functionalized copolymer 36
epoxidized linseed oil (ELO_fepoxy) 216
epoxidized 

soybean oil (ESO_fepoxy) 216
epoxidized vegetable oil (EVO) 264 see 

also photo-initiated cationic 
polymerization, EVO”

alkyl-and Alkoxy substituted 
diaryliodonium salt 211

ATR FTIR 225
cationic photo-initiators 210
curcumin 211
diaryliodonium and triarylsulfonium 

salts 210
double bonds per triglyceride 

molecule 210
fatty acid compositions 210
glass transition temperatures 224
Hammett acidities 212
onium salts 210–211
photo-initiated cationic 

polymerization 213
renewable source 209
rubbery plateau modulus 224
soybean oil production 209–210
UV absorption spectra 212
UV LED technology 211

epoxies 169
1,2-epoxydodecane (EDD) 336
epoxy resin amine thermosets 167
epoxy resin esters 164
ethylcellulose (EC) 124

f
fatty acid epoxy resin esters 166
fatty acid methyl esters 182
fatty acids 184, 288
fatty alcohol derived (meth)acrylate 

monomers 190
fatty alcohols 186

Fe-Zn DMC, catalysts 323, 337
fluorinated alcohols 62
foaming 50
food industry-derived 

lignocellulose 247
formaldehyde modified rosin  

acid 94
fumaropimaric acid derived polyester 

polyols (FAPP) 97

g
gliadin 256
global warming 279
glycerol triesters 210
glycolic acid 35
graft polymers 11
gravure printing inks 170
“green” thermoset materials 209
group transfer polymerization 

(GTP) 187

h
HCl-CEVE/TiCl3(Oi-Pr)/n-Bu4NCl 

system 58
hemicelluloses 229
2-heptyl-2-oxazoline (HeptOx) 196
heterogeneous Zn-Co (III) DMCC

bulky structure 282
CO2/epoxide copolymerization 286
nano-sized 284
Zn-OH initiation and catalytic 

cycle 282
hexacyanoferrate(III) 319
hexacyanometallates 323
hexafluoroisopropanol (HFIP) 59
homopolymers 11
hybrid DMC-SiO2 catalyst 335
hydrocarbon-based hydrophenanthrene 

ring 123
hydrogenated terpene-maleic ester type 

epoxy resin 96
2-hydroxyethyl 2-bromoisobutyrate 

(HEBiB) 117
6-hydroxymethyl-7,8-dihydropterin 

pyrophosphokinase (HPPK) 21
1-hydroxy-2-methyl-2-(E)-butenyl 

4-diphosphate reductase 21
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hyper-branched poly (propylene oxide) 
polyol 294

i
immortal polymerization 284
industrial scale biomass 257
inks 170
ionomer resins 172
isobutyl vinyl ether (IBVE) 78
isoprene (IP) (C5H8) subunits 55

k
Keggin-type heteropolyacids 59
ketonic type rosin derived 

macro-monomers 110

l
lactones 292
lauryl methacrylate (LMA) 189
light color rosin esters 168
lignin 230
lignocellulosic biomass 257

acid pretreatments 233
alkaline pretreatments 233
bioactive compounds 247
bioplastics and composite  

films 246
chemical treatments 231
composition 229
crystal structure 229
D-anhydroglucose 229–230
enzymatic treatments 233
extrusion pretreatment 231
hemicelluloses 229
irradiation methods 231
lignin 230
lignocelluloses delignification 233
lignocellulosic structure 231
mechanical processes 231
monolignols 231
physical processes 231
polymer degradability 231–232
polymerization 231
production of polymers from soybean 

biomass 234, 240
production of polymers from soybean 

biomass 235, 237–238

production of polymers from 
sugarcane bagasse 242, 243

from soybean 233from sugarcane, 
242

transmission electron 
microscopy 239

limonene
cationic polymerization 65, 66
coordination polymerization and 

ROMP 68, 69
radical copolymerization 65, 66, 68

linear diblock copolymers 118
linear polyalkylene amines 167
linear polymer 35
linoleum cement 162
living cationic ring-opening 

polymerization 195
long chain branched polylactides 

(LCB-PLAs) 5
applications 48
chemical/physical modifications 35
critical entanglement molecular 

mass 35
crystallization and rheological 

properties 36
crystallization kinetics 46
drawbacks 35
glycolic acid 35
group reaction mechanism 36
merits 35
radical coupling mechanism 37
rheology, properties 40, 43
ring-opening polymerization 36
size-exclusion chromatography 39

m
MA/CHO/CO2 terpolymerization 294
maleic anhydride 293
maleopimaric anhydride (MPA) 104
Mcl PHA 14, 17
methacrylate-capped poly(β-pinene) 

macromonomer 60
1,10-(methylenedi-4,1-phenylene)

bismaleimide (BMI) 106
3-methyl-1-pentyn-3-ol 331
methyl ricinoleate 182
modified rosin polymers 170
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monolignols 231
monomeric amidoamines 166
monomers and polymers 6
monoterpene aldehydes 78–79
monoterpenes 55
MPA derived monomers 108
multi-functional polycarboxylic 

acids 269

n
nano-DMC catalyst 335
nano-lamellar Co-Zn DMC/SiO2 hybrid 

catalyst 334
nano-lamellar Zn–Co (III) DMCC 291
natural biopolymers 4
natural phenolics 258
natural polymers 103
natural tannin 259
NatureWorks IngeoTM 3
Nd(BH4)3(THF)3 74
nitroxide-mediated polymerization 

(NMP) 113
N-(n-propyl)-2-

pyridylmethanimine 190
non-hydrocarbon molecular 

biomass 8
non-natural polymers 1
norbornene monomers and 

polymers 194
2-nonyl-2-oxazoline (NonOx) 196
N-phenylmaleimide 289
N2 adsorption-desorption 

isotherm 285

o
(4-n-octylphenyl)phenyliodonium 

hexafluoroantimonate 
(IOC-8) 223

olefinic terpenes 7
oleic acid 184
oligopeptides 236
one-pot AEDA-first 

polymerization 118
onium salts 210–211
O/S scrambling phenomenon 297
2-oxazoline monomers 195
oxidized tall oil 161

p
PCL-b-PAEDA linear diblock 

copolymer 118
PCL-g-DAPE polymers 122
pentaerythritol 160
pentaerythritoltriacrylate (PETA) 38
P(EtOx-b-SoyOx) 200
petroleum-based hydrocarbons 156
petroleum based polymers 103
PHA-g-poly(acrylic acid) 

(PHA-g-PAA) 15
PhC(CF3)2OH 67
photo-initiated cationic polymerization, 

EVO
acetic acid 213
H NMR spectra 215
peracetic acid 213
relative fatty acid composition 216
structure-property-

relationships 214
thickness control 221
W-based phase transfer catalyst 214

PHOU-g-polyhedral oligomeric 
silsesquioxane 
(PHOU-g-POSS) 15

pine chemicals see rosin acids; tall oil 
fatty acid (TOFA)” 

crude tall oil 151
rosin acids 167
tall oil fatty acid 159
tall oil pitch 175
terpenes 153
Vinsol® resin 176

pinocarvone 64
piperlongumine (PLGM) 119
plant/crop-based resources 140
plant oils see (meth)acrylate monomers

(meth)acrylate monomers 182
di-functional monomers 181
feedstocks 203
norbornene monomers and 

polymers 194
oleochemical industry 181
polymeric materials 181
2-oxazoline monomers 195
thermoset systems 181
vinyl ether monomers 200
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PLGM-loaded PEG-b-PDAEMA 
nanoparticles 121

P(MeOx-co-DecenOx) 197
P(MMA-co-HEMA)-b-PLMA-b-

P(MMA-co-HEMA) 187
PO/CO2 copolymerization 330
polyamides 160
poly(butylene succinate) 5
poly(ε-caprolactone) (PCL) 122
polycarbonates 317
poly(cyclohexene carbonate) 

(PCHC) 316
polyesters 168
polyester polyols 92
polyester polyols of maleopimaric acid 

(MAPP) 98
polyether polyols 320
polyether polyol synthesis 320
poly(ethylene) 5
polyethylene amines 166
polyethylene glycol 200 (PEG200) 97
poly(ethylene thiocarbonate) 299
polyhydroxy alkanoates (PHAs) 5, 

246
application and industrialization 26
biocompatibility 11
biodegradability 11
bioplastic packaging market 13
diversity 14
intracellular 12
Pseudomonas putida 11
Ralstonia eutropha 11
medium chain length 11
microbially based biological 

production processes 13
from mixed substrates 25
monomer arrangement 11
production cost 13
production strains 16
properties 15
short chain length 11
synthesis pathways 17
thermal and mechanical 

properties 13
from unrelated carbon sources 19
from various substrates 24
white granules 12

poly(3-hydroxybutyrate)-block-poly 
(3-hydroxybutyrate-co-3-
hydroxyvalerate) 15

poly(3-hydroxybutyrate)-block-poly(3-
hydroxyhexanoate) 
(P3HB-b-PHHx) 15

poly (3-hydroxybutyrate)-block-poly(3-
hydroxyvalerate-co-3-
hydroxyheptanoate) 
(P3HB-b-PHVHHp) 15

poly(3-hydroxybutyrate)-block-poly(4-
hydroxybutyrate) 
(P3HB-b-P4HB) 15

poly(3-hydroxybutyrate-co-3-
hydroxyvalerate) (PHBV)

carbohydrates 24
cellulose resources 25

poly(3-hydroxybutyrate-co-3-
hydroxypropionate) 
(P3HB3HP) 14

poly (3-hydroxybutyrate-co-3-
hydroxyvalerate) (PHBV) 14

poly(3-hydroxybutyrate-co-4-
hydroxybutyrate) 
(P3HB4HB) 14, 19

poly(3-hydroxybutyrate) (P3HB) 14
poly(4-hydroxybutyrate) (P4HB) 14
poly-hydroxybutyrate (PHB) 

production 246
poly(3-hydroxydecanoate) (PHD) 14
poly(3-hydroxydodecanoate) 

(PHDD) 14
poly(3-hydroxyheptanoate) (PHHp) 14
poly(3-hydroxyhexanoate) (PHHx) 14
poly(3-hydroxynonanoate) (PHN) 14
poly(3-hydroxyoctanoate-co-3-

hydroxydecanoate) 
(P(3HO-co-3HD)) 14

poly(3-hydroxyoctanoate) (PHO) 14
poly(3-hydroxypropionate)-block-

poly(4-hydroxybutyrate) 
(P3HP-b-P4HB) 15

poly(3-hydroxypropionate-co-4-
hydroxybutyrate) 
(P3HP4HB) 14

poly(3-hydroxypropionate) (P3HP) 14
poly(3-hydroxyvalerate) (PHV) 14
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poly(itaconic acid) 5
poly(lactic acid) 5
poly(lactic acid-co-glycolic acid) 

(PLGA) 35
polymyrcene 69
poly(2-oxazoline)s 195
poly(propylene carbonate) (PPC) 294, 

316
poly(αClεCL) 122
poly(β-pinene)s 57
poly (thiocarbonate)s 296
polyurethane elastomers (PUEs) 95
polyurethanes 162
pressure sensitive adhesive (PSA) 138

q
quaternary ammonium-containing rosin 

grafted PCL copolymers 124
quaternary ammonium-containing rosin 

propargyl ester 125

r
random copolymers 11
raw soybean straw 234
resin acid derived cationic 

homopolymer 115
resin acids 7
reversible addition-fragmentation chain 

transfer (RAFT) 
polymerization 184, 191

reversible addition-fragmentation 
transfer (RAFT) 115

rheology 40
ricinoleic acid 184
ring opening metathesis polymerization 

(ROMP) 194
ring-opening metathesis polymerization 

(ROMP) 65
rosin 91

applications 103
based homopolymers 114
based polyamideimides 107–108
based polyamides 109
based polyester 109
based polyesterimides 106–107
based polyesterpolyol 92
based polyesters 108

based polyurethane 133
based polyurethane elastomers 95
based thermoset resin 134
based UV curing resin 136
chemical composition 104
chemical transformations 104
hydrophenanthrene rings 103
renewable natural feedstock 104

rosin acid-grafted lignin 
(lignin-g-DA) 134

rosin acids
coatings 169
epoxies 169
inks 170
insulation 170
ionomer resins 172
modified rosin polymers 170
paper size 172
plastics 171
polyesters 168
surfactants 172
typical composition 168

rosin and turpentine based 
polyurethane materials 7

rosin-based rigid polyurethane foams 
(RPUFs)

compression strength 92
formaldehyde modified rosin 

acid 94
graft polymerization 94
gum rosin-derived polyols 92
NCO/OH molar ratio 92
physical parameters and foaming 

behavior 93
physical properties 93
Prins reaction 94
reaction activity 95
schematic synthesis routes 92
thermal conductivity 93
thermal gravimetric analysis 94
thermal stability 92
viscosity 94

rosin based shape memory 
polyurethane 99, 133

rosin carboxyllidone polymers 170
rosin derived acrylate monomer 115
rosin derived cationic monomer 116
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rosin derived main-chain polymers, 
MPA 105

rosin derived monomers 112
rosin derived polymers, APA 107
rosin-fatty acid vinylic polymers 169
rosin-graft cellulose composite 130
rosin-modified phenolic resins 132, 

171
rosin polymer grafted cellulose 

composites 124
rosin polymer grafted chitosan 132
rosin polymer-grafted EC 

copolymers 125
rosin polymer grafted lignin 

composites 130

s
Scl-mcl PHA 11
Scl PHA 17
shape memory polymers (SMPs) 99
side-chain grafted copolymer

amphiphilic rosin grafted cellulose 
composite 133

click chemistry 120
DA grafted ethyl cellulose 133
rosin acid-grafted lignin 134
rosin polymer grafted cellulose 

composites 124
rosin polymer grafted chitosan 132
rosin polymer grafted lignin 

composites 130
side-chain linear homopolymers

ATRP 114
RAFT 115

side-chain linear rosin acid-
caprolactone block 
copolymers 116

side-chain linear rosin acid-PEG 
amphiphilic block 
copolymers 118

size-exclusion chromatography 
(SEC) 39

Sorona® 3
soybean and linseed vinyl ethers 200
soybean grain processing 

industry 227
soybean harvesting 227–228

soybean hulls 234
soybean oil production 209–210
soybean straw 227
SoyOx 199
succinate semialdehyde dehydrogenase 

(SSADH) 20
sulfur-containing polymers 295
surface initiated atom transfer radical 

polymerization 115
sustainable polymers

compound annual growth rate 3
cyclic life cycle 3
‘fossil-sourced’ carbon dioxide 

release 3
from biomass 4
global carbon cycle 3
monomers and polymers 6
natural biopolymers 4
pollution emissions 2
renewable bio-based material 

products 3
vs. traditional petrochemical based 

polymers 2
sustainable thermoset polymer 

systems 212
sustainable vinyl polymers 7
syn-1,4-cyclohexadiene diepoxide 291
synthetic polymeric materials 1

t
tall oil fatty acid (TOFA)

amidoamine epoxy resins 166
epoxy resin esters 164
oxidized tall oil 161
polyamides 160
polyurethanes 162
typical composition 159

tall oil pitch 173, 175
terpene based compounds 7
terpene-based olefinic compounds 55
terpene-based polyurethanes 95
terpene-based waterborne 

polyurethanes 97
terpene oligomers 95
terpenes 7, 153
tetrahydrofuran (THF) 57, 221
thermoplastic elastomers 171
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three dimensional rosin based polymer
condensation polymerization 132
free radical polymerization 136

TOFA-based alkyds 160
p-toluenesulfonic acid-(2-acryloyloxy)

ethyl ester (TAEE) 112
trially isocyanurate (TAIC) 38
triblock and tetrablock copolymers 72
tri-block copolymer 

P(SMA)-b-PtBA-b-
P(SMA) 188

trimethylolpropane triacrylate 
(TMPTA) (IV) 38, 39

trithiocarbonate-capped 
polymyrcene 71

tubulin-like protein 21
turpentines 154
two-dimensional DMC catalysts 324

u
Ultraturrax disperser 239
10-undecen-1-ol 111
unsaturated fatty acids 196
unsaturated vinyl ethers 200

v
Vernonia oil 264
Vinsol® resin 176
vinyl ether monomers 200
vinylimidazole-g-PHO 15
2-VOES based tri-block copolymer 

PCHVE-b-P(2-VOES)-b-
PCHVE 203

w
WGESO-glycerol materials 265
WG/jute fibre composites 271
wheat gluten (WG)

advantage 255
biodegradation 269
biomass filler 271
chemical modification 256
cysteine groups 257
drawback 256
environmental performances 256
epoxidized vegetable oil 264
food processing 256
lifecycle assessment 255
material properties 272
natural phenolics 258
packaging applications 255

wooden biomass 25

z
ziegler-type catalysts 57
zinc precursor/halide precursor 329, 

330
Zn–Co(III) DMCC catalyst 301
Zn3[Co(CN)6]2

.2DME.6H2O/
ZnSO4 332

Zn3[Co(CN)6]2
.3H2O 321

Zn2[Co(CN)6](OH).4H2O 321
Zn[Ni(CN)4].0.7ZnCl2.1.3t-

BuOH.2H2O 324
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