
Index

a
accelerators 320
activators 320
active centre 241
Allcock, H.R. 351
allotropy 30
anion-radical 268
anionic polymerization 267

“living anionic polymerization”
243

initiation of 267
anion-radical 268

kinetics of 270
polymer chain growth of 268
termination of chain growth of

270
antiplasticizers 19
aramides 100
Arrhenius equations 286
Arrhenius S. 90
aspect ratio 392
atom transfer radical polymerization

(ATRP) 297
Avrami, I.U. 119, 120
Avrami theorem 120

b
Baekeland, L. 3
bakelite 3
barrier of rotation 45
Baumann, C. 237
Bequerel, E. 352
Biunnig, G. 203
Bodenstein, M. 252
Boltzmann equations 160
Bonart, R. 133

bonding types in polymers 247
head to head 247
head to tail 247
tail to tail 247

bonds 19
coordinate (semipolar) 31
covalent 4, 5, 31, 33
distances 32
energies 32
hydrogen 33, 34, 35
ionic 31
metallic 32
primary 31, 32, 34
secondary 32, 34

Brintzinger, H. H. 272
Brownian motion 84
Burton, R. L. 117

c
Cabrera, N. O. 117
carbanion 23
carbonium ion 23
Carothers, W. 5, 6, 223
Carraher, C. E., Jr. 310, 355, 358
casting 342
cationic polymerization

basic kinetic relationships 265
kinetics of 265

cell 352
photovoltaic 353
solar 353
unit 107

chain
averaged square of width of

52
bearer 242

375

Fundamentals of Polymer Science for Engineers, First Edition. Stoyko Fakirov.
 2017 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2017 by Wiley-VCH Verlag GmbH & Co. KGaA.



chain (Continued)
dormant 300
critical length 89
folding of 113
freely rotating 50
globules of 97
gyrations, radius of 50
kinetic theory 113
length of 50
packets of 97
polymerization 246

initiaion of 241
living 270
propagation (chain growth) 242
termination 264

single radiuses of 50
thermodynamic probability of 52

kinetics theory of 113
origin of 53
quantitative treatment of 53
types of 53

transfer 249
Chanda, M. 31, 272
Chauvin, Y. 10
cocontineous blend morphology 319
coefficient

(index) of crystallinity 104
internal friction 66
molecular packing 107
virial 163
viscosity 66

combination (coupling) 22
compatibilizers 322
compliance (resilience)

absolute (complex) 77
loss 77
real 77

component 30
concept

chain-folding of polymers 129
click reactions 301
converting instead of adding 336
crystal-defect structure 129
equal reactivity of functional

groups 221
failure, kinetic 151
Hosemann, para-crystals of 133
long-term strength 150
mosaic-block structure 130

one-phase polymers 130
polymer nanocomposites 336
two-phase polymers 128

condensation polymerization
(polycondensation)

average functionality 223
gelation 223
in three dimensions 239

configurations 283
conformational

statistics 49
stereoisomerism 43

constant of
copolymerization 257
Flory-Huggins 162
Kolmogorov-Avrami 122
sedimentation 179

constituent 339
coordination addition

polymerization 272
bound-ion-coordination

mechanism 273
coordination catalysts in 272
Ziegler-Natta polymerization 272,

273
coordination anionic

polymerization 272
copolymerization

alternating 258
constant 257
radical 261

azeotropic 258
ideal 258

copolymers 13, 14
alternating 14
amphiphilic 281
block 14
bottle-brush 298
diblock 14
graft 7, 14
multiblock 14
random 13, 14
tetrablock 14
triblock 14

cracks 151
crazes 151
creep 144
Crick, F. 7, 9
cryoscopy 55

376 Index



crystalline fibrils 138
crystalline polymers 103, 104, 121

crystal defects 117
crystal growth 117

rate of 118, 120
crystal growth theories 116

Burton-Cabrera-Frank, dislocation
of 117

Gibb’s thermodynamic
theory 116

molecular-kinetic of Kossel-
Stranski 117

in isotropic state 128
in oriented state 131

axial texture 138
long period (spacing) 132
microfibrils 132
texture axis 138
two-axial texture 138

induction period of 121
kinetics and mechanism of 112
nuclei formation of 113

heterogeneous (atermic) 116
homogeneous (thermic) 116
in polymers 113
rate of 114
thermodynamics of 112
work for 112

peculiarities of 103
prerequisites for crystallization of 106
primary 121
secondary 122
spherulites 136

circular 137
formation of 136
maltese cross 137
radial 137

unit cell 107
WAXS-patterns of 190

conformational 190
kinetic 198

d
damping properties 144
de Gennes, P. G. 10
Debay, P. 175
deformation 64

elastic 64
irreversible 68, 88

plastic 64
reversible 64

deformational (relaxational) states of
polymers 64

glassy 69
high elastic 69, 70
viscous-flow 70

degree of
conversion (polycondensation

completion) 239
crystallization 103
polydispersity 170
polymerization 6, 13

dendrimers 303
dendrons 304
depolymerization 293
destruction

chemical 293
photo-oxydative 293
thermo-oxydative 293

physical 293
mechanical 294
photo-chemical 293
radio-chemical 294
thermal 293, 295

disproportionation 23
dissipation (loss) factor 145
doping 347, 350
dormant species 296
draw ratio 143
Dumanskii, A.V. 178
dynamic vulcanization 319

e
ebullioscopy 55
Einstein, A. 175, 352
elastomers 10, 18

thermoplastic 274, 281
elongation

at break (faillor) 143
ultimate 143

engineering plastics 353
entropy of mixing 159
equations

Arrhenius 286
Boltzmann 160
Bragg 192
Carothers 6
copolymer composition 257

Index 377



equations (Continued)
Flory – Huggins 162
Frenkel-Eyring-Arrhenius 90
Kelly-Tyson 328
Kolmogorov-Avrami 121
radical copolymerization 252
Scherrer 192
Stirling approximation 161
Svedberg’s second 180
Williams – Landel –Ferry (WLF)

78
Zhurkov 150

Ewen, J. A. 272
excluded volume 163
Eyring, H. 89

f
fabrication, of shaped objects 342

bag molding 344
casting 342
compression molding 343
injection molding 344
rotational molding 344
transfer molding 343
tube fabrication 345

fatigue 149
dynamic 149
material 149
static 149

Ferry, J.D. 78
fiber-reinforced composites, processing

of 341
lay-up 341
prepreg 341
pultrusion 341

Fischer, E. W. 7, 130,
131, 134

Flory, P. J. 7, 10, 120, 130, 131, 162,
225, 227, 228

flow
cold 142
lamellar 65
limit of 143
viscous 65

forced high-elastic deformation 84
forces 32

Debye 33
dipole 33
intermolecular 32, 33, 34

Keesom 33
London dispersion 33
normal 64
tangential 64
van der Waals 32, 33, 34

dispersional 49
inductional 49
orientational 49

Frank, F. C. 117
Franklin, R. 7
Frenkel, Y. I. 88
fuel cells 349, 350, 356
functionality 20

g
Gauss distribution 51
gel spinning 314
gelation 223
geometrical isomerism 283
Gerngross, O. K. 128, 132
Gibbs

free energy of 62
phase rule of 63
thermodynamic theory of 116

Gibbs, J. W. 112, 116, 117, 158
Griffith, A. A. 151
Grubbs, R. H. 10
Guth, E. 6

h
healing 359
Hearle, J. W. 133
Heeger, A. J. 10, 347
Hermans, P. H. 132
Hess, K. H. 132
hevea rubber 315
high polymer 11, 14, 23
Hinshelwood, C. N. 242
Hoffmann, J. D. 113
homopolymer 13, 23, 24
Hosemann, R. 133
Houwink, R. 181
Howsmon, J. A. 132
Huggins, M. L. 162
hydrogen storage, by polymers

355
hysteresis 75

elastic (mechanic) 75
loop 75

378 Index



i
ideal crystal 87
ideal rubber 87
Iijima, S. 336
impact energy 143
inhibitors 7, 21, 249
initiators 245
interactions 49

intramolecular 49
intermolecular 49

ionic copolymerization 274
isomers

configurational 43
conformational 44
constitutional 283
dynamic stereoisomers 44
geometrical 283
optical 283
rotational 44

types of 43
stereoisomerism 283

j
Jaccodine, R. 134
Johnson, J. A. 303
Justice, R. S. 336

k
Kaminsky, W. 272
Kargin, V. A. 165
Kawai T. 131
Keller, A. 7, 129, 131, 134
Kevlar 101
Kiessig, H. 132
Kinetics, of radical polymerization

radical copolymerization
basic equation of

copolymerization 251
terpolymerization 251

simplifying assumptions of
253

chain growth 266
chain transfer 266
termination of chain growth

266
thermodynamics of

polymerization 254
ceiling temperature in 255
floor temperature in 255

Knight, S. 337
Kodak, E. 3
Kohlrausch, K. 43, 50
Kolmogorov, A. 119
Kolmogorov-Avrami constant 122
Korshak, V. V. 227, 228
Kossel, W. 117
Kuhn, W. 6, 50

l
Landel, R.F. 78
Lauritzen, J. I. 113
law

Beer-Lambert 210
Hook 64
Newton 66
Raoult 55
thermodynamics, first 62
thermodynamics, second 87
van’t Hoff 55

Lewis, F. M. 256
Life cycle assessment (LCA) 312
liquid-crystalline polymers 6, 18

liotropic 99
mesogenic groups in 99
spacer in 99
thermotropic 99

liquids
of Newton 66
supercooled 61

long period 132

m
MacDiarmid, A. G. 10, 347
macromolecule 10, 11, 13, 34

end-to-end distance h of 50
Gauss chains 52
Gauss coil 52
random coils 52, 57
statistical size of 50
tie-molecules 130

macromonomers 303
Mandelkern, L. 120
Mark, H. 6, 9, 34, 181
mastication 294
material science 9
matter in a liquid state 60
Mayo, F. R. 256
mechanical glassifying 91

Index 379



mechanics, of polymers 141
basic terms and definitions 141

brittle failure 142
elongation at break (failure,

ultimate elongation) 143
impact energy (energy at

break) 143
limit of flow (recrystallization

stress, yield stress) 143
modulus of elasticity 143
neck formation (cold flow) 142
stress-strain curves 142, 143
tensile strength (breaking stress,

ultimate strength) 143
tough failure 142

creep 144
damping properties 144
dissipation factor (loss factor) 145
draw ratio 143
failure of polymers

brittle 152
cracks (crazes) in 151
ductile 152
mechanism of 151
microcracks in 151

fatigue of material 149
dynamic 149
static 149

limit of 149
long-term 150
loss modulus 145
mechanical 149
necking 147
storage modulus 145
strength of polymers 149
stress

breacking 149
relaxation 144
true 143
ultimate 149
whitening 153

temperature-time dependence
of 150

yield (yield point) of 154
melt memory 116
melting 124

curve of 125
interval of 125
partial 125

Merrifield, B. 10
mesophases 98

nematic 98
holysteric 98

method of
Mayo and Lewis 256
mechano-chemical for

copolymers 280
Meyer, K.H. 6
micelles 128, 260
microfibrils 132
model of

Bonart-Hosemann 133
Brueger 95
dense folds, Keller 129
fringed micelle 96
Hearle 133
Hook 93
Kargin-Slonimskii 95
lattice 161
long folds of Fischer 130
Maxwell 94
oriented polymers of Hess 132
reptation (of De Gennes) 89
Statton 133
switchboard of Flory 130, 131
Voigt-Kelvin 94

modulus
bending 65
loss 77
of elasticity 65
real 77
shear 65
storage 145
tensile 65
Young’s 65

molar mass 16
molding 343

compression 343
injection 344
rotational 344
transfer 343

molecular architecture 27
branched 27
linear 27
network (cross-linked) 27

monomer 6, 7, 11, 12, 13,
20, 22

Morgan, P. W. 120, 237

380 Index



morphology of
polymers 17
amorphous polymers 95
chain packets 97
globules 97
polymer melts 95
single crystals 134
solutions 95

mosaic-block structure 130
movement, of molecules 43

forward 43
internal 43
rotational 43
vibrational 43

energetic (potential) barrier of 45

n
Nageli, C. 128, 131, 132
nanomaterials 334

definition of 334
Natta, G. 7, 9, 134, 272
neck formation 142
non-Newtonian liquids 67
non-reversible polycondensation

(condensation
polymerization) 222

general characteristics 235
interphase polycondensation 221,

237
ways for performing 236

o
Odian, G. 263, 275
order

near 96
long distance 97

p
phase 27, 30

mesophases 98
cholesteric 98
nematic 98
smectic 98

lag 76
state 60
transitions 62

mathematical description of 119
physical cross-linking 85
photoelectric effect 352

photoinitiators 245
photovoltaic (solar) cells 352, 353
plasticizers 19
plastics 10, 19

engineering 141
polycondensation 221

reversible 221
non-reversible 221
nomenclature 222
degree of conversion 223
destructive reactions 227
interphase 237

polymer
aging 289
analogous reactions 289
destruction 289
hyperbtanched 298, 303
star 298

polymer materials 309
ecological footprint of 312
elastomers 315

thermoplastic 316
environmental impact assessment

of 312
fibers 313
films and sheets 322
life cycle assessment of 312

gel spinning of 314
melt spinning of 313

nanomaterials
electrospinning of 335

polymer blends 34
bubble-blowing of 324
calendaring of 325
inmiscible 19
melt pressing of 323
melt-extrusion of 324
miscible 19
sinter-fabrication of 324
solution casting of 322

polymer composites 325 (See also
single polymer composites)

applications of long-fiber 332
continuous fibers type of 329
discontinuous (short) fibers type

of 330
laminated type 327
long-fiber type 332
matrices 330

Index 381



polymer materials (Continued)
nanocomposites 336
particulate type 328
sandwich type 327
structural type 327
thermoplastics in 331
thermosetting resins 331

production of 297
polymer homologous row 68
polymer molecules

branched 303
cross-linked 27
dendrimers 303
dendrons 303
ladder 27
linear 27
long branched 27
short branched 27

polymer processing 313
fabrication of shaped objects 342

bag molding for 344
casting for 342
compression molding for 343
injection molding for 344
tube fabrication 345

polymer science 3
basic problems in 337
basic terms and definitions 11
founder 9
milestones in development 3
Nobel Prize winners 4, 9

polymer-analogous reactions 289
polymer–polymer composites 337,

338
advantages and disadvantages 340
definitions 338, 339
nomenclature 338

polymerization 20, 23, 26. See also
condensation polymerization
(polycondensation)

living (controlled) 296
lving anionic 244

polymers 4, 5, 7, 9, 11, 13, 21. See also
specific entries

amorphous state of 59
blends 19, 34
condensation 6, 26, 27, 28
deformation of 64
failure of 151

mechanics 141
Nobel Prizes 4
nomenclature, prepared via

polycondensation 222
partial crystalline 104
prepolymer 19
science/technology, basic

problems 337
aspect ratio 337
environmental impact 337
interfacial adhesion quality 337

semi-crystalline 104
single crystals of 134
solutions (See solutions, of polymers)
thermosetting 19
total crystallization rate

basic factors 121
polymers, in biomedicine 362

artificial skin 367
bones 368
cardiovascular applications 363
contact lenses, and intraocular

lenses 368
controlled release of drugs 372
joints 368
regenerative medicine 370
scaffold 370
stents and stenting 365
teeth 368
tissue adhesives 367
tissue engineering 369

polymers, methods for
characterization 189

density measurements 214
gradient column 215

diffraction methods 189
electron diffraction 195
equatorial reflections 192
invariant in 195
light diffraction 196
meridional reflections 192
neutron diffraction 196
small-angle X-ray diffraction 190
wide-angle X-ray diffraction 190

microscopic methods 197
analyser 198
atomic force microscope

(AFM) 203
birefringence 198

382 Index



polarizer 198
transmission electron

microscopy 199
with common light 198
with polarized light 198

scanning electron microscope
(SEM) 201

spectroscopic techniques 210
broad-line NMR

spectroscopy 211
high resolution NMR

spectroscopy 211
infrared spectroscopy (IR) 210
nuclear magnetic resonance

spectroscopy (NMR) 211
static mechanical techniques 212

volume fraction of crystallinity
(vc) 216

weight fraction crystallinity
(wc) 216

thermal methods 205
differential scanning calorimetry

(DSC) 206
differential thermal analysis

(DTA) 205
fast scanning calorimetry

(FSC) 209
polymers, molecular weight

distribution of 15, 16, 170
broadness of 171
differential 170
integral 170
most probable 171

methods for determination 172
absolute 172
cryoscopy 185
diffusion 177
ebullioscopy 186
end groups 185
equivaqlent 173
gel permeation

chromatography 182
isothermal destilation 174
relative 173

types
hydrodynamic average 169
number average 15, 168
viscosity average 169
weight average 15, 168

z-average 169
distribution of 15, 16
types

number average 15
weight average 15

polymers, special applications 347
electrically conductive polymers

in 347
doping 350
ionic conduction in solid

polymers 348
proton conductors 349

electronically conducting polymers
in 350

high-performance
thermoplastics 353

linear optical materials in 351
nonlinear optical polymers in 352
optical and electro-optical devices

in 351
photovoltaic cells in 352
polymers for hydrogen storage

in 355
smart materials in 357

polymorphism 30
Porter, R. S. 338
Price, F. P. 113
pultrusion 341

q
Quadbeck-Seeger, H. J. 337
quenching 61, 97, 99

r
radical copolymerization 255
radical polymerization 263

bonding types 247
1,2-bonding 248
1,4-bonding 248
3,4-bonding 248
head to tail 263
tail to tail 263

initiation of 252
azocompounds in 246
hydroperoxides in 245
peroxides in 245

telomerisation 250
inhibitors 251
telogen 250

Index 383



radical polymerization (Continued)
termination of chain growth of 22

via disproportionation 249
via recombination 249, 268

ways of performing
in bulk 259
in suspension 260

Rayleigh, J. W. S. 175
recrystallization 124, 126
regenerative medicine 370
relaxation phenomena 71

in high-molecular-weight
substances 72

in low molecular weight
substances 71

repeating unit 11, 12, 21, 27
relaxation time 72
Renitzer, F. 98
reptation 89
retardation, of polymerization 251
reversible addition-fragmentation chain

transfer (RAFT) 298
reversible polycondensation

(condensation
polymerization) 221

copolycondensation 235
destructive reactions in 227
formation of polymer chain of 225
in absence/presence of catalyst

233
kinetics of 233
molecular weight distribution

of 227
acidolisis 227
alcoholysis 227
exchange reactions 228, 229

termination of polymer chain
growth 229

cyclization 231
deamination 230

rheology 90
ring-opening polymerization 275
Rohrerin, H. 203
rubber elasticity 43
Rudin, A. 283, 316
rule of

“two third” 93
Kauzmann 93
phase of Gibbs 158

volume concentrations 165
Zhurkov (molar concentrations) 164

s
scaffolds 370, 371
Schaefer, D. W. 336
Scherrer equations 192
Schotten, E. 237
Schrock, R. 10
segment 53

mechanical 56
statistics 54

element of Kuhn 54
quantitative expression 56

self-healing
materials 358, 359
polymers 358, 359

Semenov, N. N. 242
shape-memory alloys 361
shape-memory polymers 360, 361

industrial application of 361, 362
medical application of 361

Shirakawa, H. 10, 347
single crystals 134
single polymer composites 337

advantages and disadvantages 339
definitions 338
nanofibrillar 337
nomenclature 338

Sisson, V. A. 132
smart materials 357
Smoluchowski, M. 175
solutions, of polymers 157

colloids in 158
concentrated 164
dispersed systems in 157
equilibrium system in 158
excluded volume in 163
Flory – Huggins theory 163

θ–solvents in 163
θ–state in 163
Flory temperature (theta-

temperature, θ–point) in 163
mutual mixing in 157
nature of 158
pseudo ideal 163

highly 164
moderate 164

thermodynamics of 159

384 Index



free energy at constant pressure
(Gibbs free energy) in 159

ideal entropy of mixing in 159
lattice model in 160
statistical approach in 160

true 158
lyophilic 158

spinning 313
dry 313
gel 314
melt 313
spinneret 313
wet 313

star polymers 298
state of matter 30

gaseous 59
liquid 59
solid 59, 60
metastable 127

Statton, W. O. 133
Staudinger, H. 3, 4, 9, 158,

180, 181
steady-state assumption 252
stent 362, 365, 366, 367
stenting 365, 366
stereo-regular polymers 283

energy of chain growth in 285
properties of 286

Stirling approximation equations 161
stoichiometric imbalance of

monomers 231
Stranski, I. 117
strength

limit of 149
relative 141
tensile (ultimate) 143, 149

stress relaxation 74
stress–strain curves 142
Sumerlin, B. S. 301
Svedberg, T. 178, 180
swelling 159
synthesis of polymers with special

molecular arrangements 279
block copolymers 279

via anionic polymerization 281
via condensation 279
via radical polymerization 280

graft copolymers 282
grafting from 282

grafting on 282
grafting via 282

t
tacticity 20

atactic 20
isotactic 20
syndiotactic 20

telogen 250
telomere 250
telomerization 250
temperature

celing 255
floor 250

Tammann, G. 112, 114
theory

Flory – Huggins 162
fringed micelle 128
thermo-fluctuation of failure 151

thermal decomposition 61
thermo-mechanical curves 69
thermodynamic description, of melting

process 125
thermoplastics 17
thermosets 309
tie-molecules 130, 148
Till, P. H. 7, 134
Tindal’s effect 174
tissue engineering 369
total crystallization rate 119, 122

mathematical description of
119

Avrami theorem in 120
transition

first-order 62
glass 17
Mayo and Lewis 256
second-order 62

Turnbull, D. 114

u
unit cell 107

v
valence electrons 31, 32
viscosity 66

intrinsic 181
logarithmic 181
reduced 181

Index 385



viscosity (Continued)
relative 181
specific 181

Vogt, A. 301
vulcanization 319

dynamic 319

w
Watson, J. 7, 9
Whinfield, J. R. 6
whiskers 330
Wilkins, M. 7, 9
Williams–Landel–Ferry (WLF)

equations 78
Williams, M. L. 78

y
yield point 154
yield stress 143, 154

z
Zhurkov, C. N. 152, 164
Ziegler, K. 7, 9, 272
Ziegler-Natta

catalysts 283
metallocene-based 272

polymerization 283
mechanism of 273

Zimm, B. H. 163, 175, 176

386 Index


	Index

