INDEX

AB-Crosslinked copolymers, 52-54
ABS plastics
crazing, 561
impact resistance, 575
mechanical strength, 575
morphology, 561
Actin, 804-805
Adhesion, 566-569, 671-675
Adhesive,
definition, 415
forms of, 667-668
fracture, 668-669
strength, 668-669
work of, 639
Adsorption, 646651
Affine deformation, 446, 466—468
Molecular relaxation, 522-524
Alkanes, 2—4
Aluminum, 739
Amino acids, 800-803
Amorphous state, 197-238
chain conformation, 211-217
diffusion in, 217-226
dynamics in, 217-226
long-range interactions, 203-210
models of, 179-182
molecular dimensions in, 207
residual order, 198-199
short-range interactions, 199-203
studies on, 200

Analyses, see also Instruments

chain structure, 31-45
NMR, 40-42

Anionic polymerization, 108
Applications of polymers, 9, 21, 743-748

blends and composites, 745-747

conducting polymers, 783-786

crystalline polymers, 4, 201-265,
757-762

damping, 412-414

dendrimers, 775-779

elastomers, 480-488, 760-762

fibers, 307-311, 342-343

glass transitions, 412-414

homopolymers, 743-745

liquid crystals, 342-243

motor oil, 145-148

NLO, 788-789

plastics, 815-816

polyethylene, 2-4, 757-762

sheet molding compounds, 741-743

silk, 769-772

solutions and precipitates, 146

supercritical fluid solutions, 782

Arrhenius equation, 174
Atomic force microscopy, 626-631
Avrami equation, 274-278

experimental range, 277
parameters, 277

Axial correlation, 201
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Bacteria produced polyesters, 772
Balloon swelling, 543
Biaxial stress envelope, 572
Bicomponent fibers, 543
Bingham plastic, 546
Biomedical polymers, 603-606, 675—
677
Biopolymers, 795-807
see also cellulose
see also natural rubber
Biotechnology
actin, 804-805
amino acids, 800-803
bacteria produced polyesters, 772
biomedical polymers, 603-606
biopolymers, 795-807

blood containing polymers, 676677

bone cements, 675-676
dental restoratives, 604-605
DNA, 797-800
drug delivery, 181-183
hip joints, 605-606
meat-like textures, 769
muscle tissue, 804-807
myosin, 804-807
optical tweezers, 794-795
proteins, 60, 95, 807
zanthan gum, 539-540
Birefringence, 166-168
Blends, see also Multicomponent
polymer materials
characterization, 165-172
copolymer miscibility, 163-165
interfacial chain conformation,
644-646
interfacial tension, 617-618
miscible and immiscible, 692-693
polymer, 45, 130-148, 399-403,
480-488, 644-646, 687-616, 760
spherulites in, 266269
Block copolymers, 51-53, see also
Multicomponent polymer
materials
ABC triblock copolymers, 713—
717
crystallizable, 717
interfaces at, 633-635
morphology, 168-172, 713-717
motor oils in, 145-148

order-disorder transitions, 710-713
PS-PB-BS, 171, 403, 482-484
spherulites in, 266-269
structure, 483
Blood-contacting polymers, 676-677
Boltzmann’s relation, 80
Bone cements, 675-676
Boron trioxide, 411
Bragg’s law, 246
Bread dough, 765-769
Brittle-ductile transition, 570-572
Brewster angle, 655-657
Brush structure, 648-649
Bulk modulus, 352-354

Carbon black, 485-488, 697-698
see also tires
rubber in, 721-722
Carbon nanotubes, 724-727
Carnot cycle
elastomers, 450-453
gas, 450-451
Cationic polymerization, 108
Ceiling temperature, 485
Cellulose
crystallinity, 11, 240-242
molecular weight distribution, 103
permeability, 174-175
polymorphic forms, 253
production statistics, 624
structure, 68
types of, 242
unit cell, 242
Cellulose triacetate
density, 75
mechanical strength, 575
solubility parameter, 75
transition behavior, 371
Cellulose tributyrate
density, 75
fusion temperature, 240
solubility parameter, 75
Cellulose tricaproate
osmotic pressure, 90
theta solvent for, 90
Cellulose trinitrate
Flory-Huggins y, value, 85
intrinsic viscosity, 114
Center notched sample, 586-588



Chain conformation
see Affine deformation
see also Rod-shaped structures
see Amorphous state
see Light-scattering
see Random coil
see Relaxations
see SANS
Chain
polymerization, 10-12, 108
pull-out, 596-598
structure, 13
Chain pullout, 596-598
energy, 597, 599
temperature, 597-598
Chain structure, 29-70
Characteristic ratio, 212
Cheese, 553-556
Chicle, 9
Cholesteric structures, 327-328
Classification charts
blends, 689
composites, 690-691
interfaces, 678
Clay, montmorillonite, 728-732
Cohesive energy density, 74-76, 357-358
Cohesive fracture, 624
Coatings
definition, 415
Cole-Cole plot, 374-375
Colligative properties, 87-88
Colloids, 184-186
see also Latexes
chains attached, 648-649, 657-659
Combustion, 808-812
Compliance, 352-354
see also Modulus
Complex Young’s modulus, 355
Composites, 485-488, 690692, 721-743
see also Multicomponent polymer
materials
fiber reinforced, 581-585
glass transitions, 696—698
matrix and fiber roles, 741
matrix materials, 582-584
mechanical properties, 739
molecular, 584-585
toughening mechanisms, 739-741
Compressibility, 353

INDEX 829

Conducting polymers, 783-786
Conductivity, 782-786
Configuration, 29-70
head-to-head, 30
head-to-tail, 30
sequences, 39-42
stereochemistry, 36-42, 760-762
trans-gauche, 30-31, 55-56
Conformation, 29-70, 211-213, 326—
328
see also Amorphous state
see also Crystalline state
see also Liquid crystalline state
blend interphase, 644-646
solution interfaces at, 647-651
Constants and conversion factors, inside
front cover
Contact angles, 619-622
Conversion factors, inside front cover
Copolymers, 45-47
see also block copolymers
see also graft copolymers
see also TPNs
see also polymer blends
alternating, 47
fusion temperature, 334-336
glass transition behavior, 399-404
periodic, 47
random, 47
statistical, 46—47
unspecified, 45-46
Copper, 355
Correlation length, 192-195
see also screening length
Correlation distance, 640-643
Crack growth mechanism, 590-592
Craze, 489, 512-513, 607-608, 630-631
Creep, 507-515, 519-520
see also stress relaxation
physical aging and, 528-529
Critical entanglement chain length,
533-537
Crosslinkers, 108-109
Crosslinked polymers, 18-19, 427-506
see also Gelation
see also Rubber elasticity
see also Thermosets
adhesion and, 668-669
micronetworks, 429-430
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Crosslinks, 18-19
see also Gelation
chemistry, 108-109
effect on T,, 394-395
functionality, 460-461
micronetworks and, 429-430
physical, 462—465
polymers and 427-506
thermoreversible, 474-475

Crystalline state, 4-10, 239-324
Avrami equation, 274-278
cellulose, 241-242
chemical structure effect, 305-307
cold drawing, 569-570
crystal structure determination,

253-256
fibers, 307-311
folded chains, 258-260
fringe micelle model, 256-258
fusion thermodynamics, 299-305
glass transition and 404-407
hierarchical structure, 311-312
Hoffman’s nucleation theory, 279-
280

Hoffman’s three regimes, 281-287

Hoffman-Weeks equilibrium, 304-305,

762
Keith-Padden kinetics, 278-279
kinetics of crystallization, 271-290
light-scattering patterns, 263-264
mechanical behavior, 566
molecular dimensions, 294
percent crystallinity, 244-245, 269—
271
polyethylene, 249, 758-759
reentry problem, 290-299
single crystals, 258-260
spherulites, 260-265
surface tension, 618-619
switchboard model, 260
unit cells, 245-256
X-ray analyses, 245-256
Crystallinity, percent, 269-271
see also Crystalline state
Crystal structure, 245-260
Crystallization kinetics, 271-290
analysis, 284-290
regimes, 284-290
Cyclic Polymers, 128-129

Damping, 412-414
Dashpots, 510
failure and, 559-560
Davies equation, 702
Deborah number, 521
Debye-Scherrer powder method,
246-247
de Gennes, 219-222, 817
reptation theory, 219-222
self-similar polymer grid, 659-661
Demonstrations, classroom
Carnot cycle, 450-453
gelation, 497-501
glass transition, 423-425
rubber elasticity, 501-502
swelling of elastomers, 503-505
Denaturing proteins, 429
Dendritic polymers, 773-779
applications, 777-778
intrinsic viscosity, 775-776
morphology, 775-778
Density, polymers, 75
Dental Restoratives, 604-605
Depletion zones, 651-652
Dielectric behavior, 372-373
Diffusion, 172-180
see also Permeability
barriers with nanocomposites, 734—
735
branched chains, 222-223
calculations, 236-237
case II, 181
coefficients, 223-227
drug delivery, 181-183
Fickian, 180-181
fractal interfaces, 665-666
gases into polymers, 172-180
kinetics, 182-183
non-linear chains, 222-223
polymer chains, 217-226
self, 219-222
short times, 525
transdermal, 183
tube coefficient, 537-538
Dilatant, 546
Dilatometry, 366-368

Dilute solution-solid interface, 646-652

Dilute solutions, see also Molecular
weight



see also Solutions, polymer
NMR, 47-49
Dispersion 361
polymerization, 780-781
Ditactic polymers, 69-70
Divinyl benzene, 433
DNA, 797-800
Watson and Crick model, 797-800
Domain sizes, see also Polymer blends
block copolymers, 168-172, 710—
718
IPNs, 168-169, 718-721
Dolittle equation, 385
Drag reduction, 812-815
Drago constants, 671-675
Drug delivery, 181-183
Dynamic light-scattering, 100-102,
657-659
Dynamic mechanical behavior, 362-365,
369-372, 412-414
damping and, 412-414
dynamic viscosity, 544
five regions in, 362-365
instrumentation for, 368
Dynamics, macromolecular, 217-226
Dynamic viscosity, 544

Ehrenfest’s relation, 411
Elastomers, see also Rubber elasticity

current usage, 480-488

definition, 415

dienes, 481-482

saturated, 482

structure, 483

types of, 481-485

viscoelastic rupture, 578-581
Electrical behavior, 782-786
Electron diffraction, 207-209, 247
End-groups, 87
End-to-end distance, 211-214, 526

see also Radius of gyration
Energy well, 584-596
Engineering

molecular, 21-22

plastics, 815-816
Entanglement, see also Diffusion

see also Reptation

critical chain length, 553-535
Entropic barrier theory, 288-290

INDEX 831

EPDM
structure, 482
properties, 757-760
supercritical fluids in, 779-780
Epoxy resin
adhesives, 674-675
composites, 582-583
IPN, 404
mechanical properties, 575, 739
nanocomposites, 733-734
NMR spectra, 373
rubber toughened, 739
thermoset as, 763-765
Equation of state
gases, 439-442
network, 445-449
rubber elasticity, 434-449
single chain, 442-445
theories, phase separation, 157-159
ESCA, 619-625
see also Instruments
Example calculations
adhesives, 527-528
blend transition temperatures, 694—-696
block copolymers, 172
bound fraction, 647-648
chain and two colloid particles,
649-651
composite moduli, 699-700
crack growth, 665-666
critical strain energy release rate, 588
Davies equation, 702
fold surface free energy, 280-281
fractal-like interfaces, 665-666
free energy of mixing, 84-85
interphase thickness, 640
intrinsic viscosity, 117
melt viscosity, 535-536
melting point depression, 301-302
miscibility limit, 156-157
molecular characteristics, 526-527
percent crystallinity, 244-245
phase inversion, 708-709
rubber elasticity, 448-449
solubility parameter, 77-79
surface tensions, 617
swelling data, 473
viscoelasticity of polystyrene, 526—
527
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WLF equation, 389-390

work done on stretching, 449
Excimer

formation, 60

probes, 165-168
Expansion coefficient

chains, 84

linear, 366

volume, 363, 366-368, 378
Extended chain crystals, 297-299

Failure, viscoelastic, 578581
Fatigue crack propagation, 592-593
Fibers, 307-311, 342-343

carbon, 582-584

composites in, 581-585, 722-723

definition, 415

drawing, 569-570

formation, 342-343

liquid crystals, from, 342-343

reinforced plastics, 699-700, 722-723
Fick’s laws, 173181

Fickian diffusion, 177

Permeability, 180
Fillers, 18-19

carbon black, 485-488

fibers, 699-700, 722-723, 739-741

reinforcing, 485-488

silica, 485-488
Film formation, 185-188
Fire retardancy, 808-812
First-order transitions, 362-366

see also fusion

see also melting

liquid crystals, 328-331

crystalline polymers, 2-9, 239-324
Floor temperature, 484-485
Flory-Huggins y;, 84

liquid crystals, in, 340

theta solvents, 148-149
Flory-Rehner equation, 472-473,

503-506

Flory-Stockmayer equation, 110-111
Flory 6-solvent, 112-113

chain dimensions, 203-207
Flory 6-temperature, 89-91

polystyrene in cyclohexane, 148-150
Folded chain model, 258-260

see also Crystalline state

Forward-recoil spectrometry, 632—-633
Four element model, 511-513
cheese application, 553-556
Fox equation, 400-403
Fractals, 665-667, 686
estimation of dimensions, 686-687
Fractionation
molecular weights, 148-150
near walls, 661-662
Fracture, 560-584, 736-740
see also Strain energy release rate
energy, 622-625
multicomponent, 723-727
surfaces, 622-625
Freely jointed chain, 211-212
Free radicals, 10-13, 104-105
Free volume
expansion coefficients and, 381-384
glass transition requirements, 381
hole size, 390-391
theory, 381-396
WLF equation and, 384-389
Frequency effects, 380-381
Friction, 601-603, 627-631
Friction force microscopy, 630-631
Fringe micelle model, 256-258
see also Crystalline state
Front factor, 445-448, 461
Fusion, 241-244, 299-305
see also Crystalline state
see also Melting
alkanes, 2—4
glass transitions and, 406

Gas separations, 179-180
with polymer blends, 180
Gaussian coil, 98-99
see also random coil
Gelatin, 478-479, 497-501
Gelation, 108-110, 473-477
gel point, 429-430, 475-477
hydrogels, 477-478
melt viscosity and, 475-477
polymerization during, 475-477

Gel permeation chromatography, 11-130

current research, 125-127
detectors, 125-127
HPLC, 119-120
instrumentation, 117-130



theory, 119-120
universal calibration, 127-128
Gels, 478-479
see gelation
Gibbs-DiMarzio theory, 393-394
Glass
mechanical properties, 737-739
viscosity, 361-362
Glass-rubber transition, 8-10, 350-426
chemical structure and, 408-410
copolymerization and, 399-404
crystallinity and, 404-408
damping effects, 412—415
demonstration experiment, 423-426
Fox equation for, 400-403
free volume theory, 382-384
frequency effects, 377-381
fusion and, 406-407
iso-free volume state, 382-384
kinetic theory, 390-392
measurement of, 366-375
melting and, 406408
molecular weight and, 397-399,
403-404
multicomponent materials of, 687-706
polymerization during, 399-404
pressure effects, 410-412
region, 358
temperature, 350-426
theories, 381-397
thermodynamic theory, 392-397
thin films, 662-664
time effects, 377-381
WLF equation and, 384-389
Glass transition region, 8-10, 358
see also Glass-rubber transition
Glassy region, 358
see also Plastics
surface tension, 618-619
Graft copolymers, 51-54
phase separation, 168-170
Griffith equation, 585-586
Group molar attraction constants, 77—
79
Guth-Smallwood equation, 701-702

Halpin-Tsai equations, 702-705
Handbooks, 24
Heat capacity, 3665-367

INDEX 833

Healing, 393-394
see also Fracture
Heat distortion temperature, 406-408
Hierarchical structure, 311-312
Hip joints, 605-606
HIPS, see also Multicomponent polymer
materials
fracture, 736-739
mechanical strength, 573-576
morphology, 168-169, 737-739
History of polymers, 20-21
advances, 816-818
crystalline unit cell, 240-241
liquid crystals, 338-340
major advances, 650-652
random coils, 232-236
rubber elasticity, 430-432
Hoffman’s nucleation theory, 279-280
Hoffman’s three regimes, 281-284
Hoffman-Weeks equilibrium, 304-305,
762
Hosemann’s paracrystalline model,
293-297
HPLC, 119-121
Hydrogels, 477-478
Hyperbranched polymers, 773-775, 779

Ideal solution, 79-80
Identification code, recycling, 12-14
Industrial polymers, 20-21, 745-748
Inorganic elastomers, 484—485
Instruments, 31-36, 199-201, 544-546,
619-644
attenuated total reflection, 619-620
Auger electron spectroscopy, 619-620
Brewster angle reflectometry, 655-657
capillary viscometers, 544-546
Charpy impact, 573-574
Chaudhury-Whitesides apparatus,
619-620
cone-and-plate viscometer, 544-546
dielectrics, 372-373
dilatometry, 366-368
DSC, 165-168, 328-331
dynamic light-scattering, 101-103,
619-620, 657-659
electron diffraction, 199-201, 207-209,
247
electron microscopy, 199-201, 165-172
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ESCA, 32-33, 622-626

evanescent wave, 622-626

falling ball, 544-546

force-balance apparatus, 652-655

forward recoil spectroscopy, 619-620

FRES, 632-633

GPC, 117-130

HPLC, 120-121

infrared, 33-34, 43-45, 56-58, 163-165,
247-248, 291

intrinsic viscosity, 110-117, 775-776

Izod impact, 573

light-scattering, 91-103, 142-144,
165-168, 619-621, 640-643

mass spectrometry, 32-33, 130-134

neutron reflectometry, 635-640

neutron scattering, 95-98, 203-207

NMR, 32-33, 40-42, 47-51, 165-168,
291-292

osmometers, 88-91

positron annihilation, 391-392

Raman, 29, 38, 20933-34, 43-45, 248

SANS, 203-207, 292-297, 465-469,
619-621, 640-643

SAXS, 199-209

scanning probe microscopy, 627-631

SEM, 619-620, 626-627

SIMS, 619-620, 631-632

stress-optical, 191-192

surface forces apparatus, 652-655

tables of, 31-32, 165-168, 199-200,
366-367

TIRF, 665

torsional braid analysis, 369-372

XPS, 31-33, 622-626

X-ray, 31-33, 207-209, 246247,
640-643

Interfaces, 614-687

adhesion, 637-640, 667-675
areas, 640-644

bound chains, 648-649

chain conformation, 647-649
contact angles, 619-622
correlation distance, 640-643
depletion zones, 651-652
dilute solution-solid, 646-652
fractal-like interfaces, 665-667
fracture energy, 637-640
interior surfaces, 640-644

polymer, 593-594, 613-686
Porod’s law and, 643-644
ripple experiment, 636-637
self-similarity, 660-661
thermodynamics, 523-526, 615-618
thickness, 637-640
Interfacial tension, 617-618
Interpenetrating polymer networks,
54, 168-170, 403-404, 710-711,
718-721

see also simultaneous interpenetrating

networks
metastable phase diagrams, 719—
722
phase domain size, 710-711
Interphase, 614-615
see also Interface
thickness, 637-640
Intrinsic viscosity, 6-8, 110-117
see also viscosity
equivalent sphere model, 112-113
Mark-Houwink-Sakurada equation,
113-115
dendrimers of, 775-776
Inverse Langevin function, 459-460
Tonomers, 172
IPN, 168-170
see also Interpenetrating polymer
network
Isomerism
geometric, 42—43
meso and racemic, 39-40
optical, 42
repeat unit, 36-42
substitutional, 43
tacticity, 37, 760-761

Keith-Padden kinetics, 278-279
see also crystalline polymers

Kelvin element, 510-511

Kerner equation, 701

Kevlar®, 331-334, 582-584

Kinetic theory of T,, 390-392

Kneading of bread dough, 767-769

Kuhn segments, 199, 213

Latexes, 184-186
diffusion in, 223-227
non-drip paint, 646—647



LCST, 153-172

Light-scattering, 91-103
calibration, 142144

Limiting oxygen index, 809

Liquid crystalline state, 325-349
fibers from, 342-344
formation requirements, 345-346
history, 338-340
lyotropic, 331-334
mechanical behavior, 668-669
phase diagrams, 327-328
properties, 344-345
rod-shaped chains, 326
side chains, 336-338
thermodynamics, 338-341
thermotropic, 334-336
viscosity, 342-344

Liquid flow region, 360-361

Liquid-liquid transition, 375-377

Lithium niobate, 788-789

Loops, 647-648

Loss modulus, 355

Lower critical solution temperature,

153-172
Lyotropic liquid crystals, 331-334

Macromers, 71-73
Macromolecular hypothesis, 19-20,
816-818
Magnetic behavior, 372
MALDI/TOF, 130-134
calibration, 133

on oligomers and telomers, 132-133

Mark-Houwink-Sakurada equation,
113-115
exponents, 113-115
Mass spectrometry, 130-134

for oligomers and telomers, 132-134

Master curve, 379-381

Mathematical treatments
fractals, 665-667, 686
scaling laws, 192-196
self-similarity, 660-661
statistical thermodynamics, 80-82,

442-450

Maxwell element, 510-511

Meat-like texture, 769

Mechanical behavior, 557-612
see also Modulus

INDEX 835

brittle-ductile transition, 570-573
cold drawing, 569-570
crack growth, 587-588
crazing, 560-562, 570-573
cyclic deformations, 588-593
definitions, 350-355
deformation, 560-569
diffusion effects, 593-594
elastomers, 576-581
fatigue, 588-593
fracture, 560-569
impact resistance, 573-576
mechanical strength, 573-576
molecular aspects, 593-601
rubber toughening, 573-576d
tensile strength, 564-565, 600-601
thermodynamics, 557-560
time and temperature effects, 565—
567
viscoelastic rupture, elastomers,
573-581
Mechanical terms, 350-355
modulus, 350-351
Young’s modulus, 350-351
Melting, 239-244,299-305
see also Crystalline state
see also Fusion
see also Liquid crystalline state
Melting point depression, 300-302
Melt viscosity, 533-538
molecular weight dependence,
533-538
WLF constants, 533
Metallocene polymerization, 107-108,
758-760
Micronetwork, 429-430
Microstructure, 31-32
see also chain structure
instruments for, 31-36, 40-42
Miller indices, 245-246
Minor chain, 593-594
Miscibility window, 163-165
see also Polymer blends
Modern polymer topics, 757-824
biopolymers, 795-808
bread doughs, 765-769
conducting polymers, 782-786
dendritic polymers, 773-779
electrical behavior, 782-783
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fire retardancy, 808-812

non-linear optics, 786-789

optical tweezers, 794-795
polyolefins, 757-762

silk fibers, 769-772

supercritical fluid solutions, 779-782
thermosets, 762-765

Modulus, 8-10, 350-355

bulk, 353

loss, 355

multicomponent polymer materials,
698-706

shear, 350-351

Young’s, 350-352

Molecular basis

creep, 508-510

fracture, 560-564, 593-599

interdiffusion, 599-600

molecular weight requirements,
599-600

relaxation, 521-525

stress relaxation, 508-510

tensile strength, 600-601

composite materials, 698-706, 721-723

IPNs, 168
multiphase materials, 168, 706-710
Motor oil, 145-146
Multicomponent polymers, 51-55, 186,
687-756
see also Blends
see also Multicomponent polymer
materials
see also Phase separation
identification, 54-55
Multicomponent polymer materials,
153-172, 186, 399-404, 687-756
adhesives, 667-675
applications, 741-748
classification, 688-672
fiber-reinforced, 722-723
fracture behavior, 736-741
glass transition, 693-698
matrix role, 741
metastable phase diagram, 719-721
modulus, 698-706
morphology, 168-172, 706-710

phase diagrams for, 710-721
phase diagrams, 154-156, 163-165
phase inversion, 707-708

Molecular composites, 584-585
Molecular friction, 596-599, 627-630
Molecular weight, 6-8

averages, 68, 85-87

between crosslinks, 434-437
between entanglements, 434—437
commercial polymers, 103
determination, 87-103
distributions, 4-8, 107-108
instrumentation, 134

number average, 87-91
summary, 134-135

tensile strength effect, 4-6, 593-601
weight average, 91-103
z-average, 85-87

Molecules

see also Polymer

little to big, 2-3

relationships among, 526-527
size and shape, 71-73

rubber-toughened plastics, 737-739
sheet molding compounds, 741-743
TTT cure diagram, 718-719
Muscle tissue, 804-807
actuators, 792-793
Mushroom
chain conformation, 648-649
nanostructure, 773
Myosin, 804-807

Nanotechnology, 723-736
carbon black, 485-488, 697-698
carbon nanotubes, 724-727
montmorillonite clays, 728-736
fire retardancy and, 808-812
Natural polymers
see also Cellulose

see also Natural rubber

fibers, 309-311

products, 16-18, 769-772
Natural rubber, 8-10, 185

see also Natural polymers

see also Polyisoprene

Mooney-Rivlin equation, 453-455
Mori-Tanaka theory, 705-706
Morphology

see also Craze

block copolymers, 168-172

carbon blacks, 721-722



diffusion coefficients, 175-178
force-temperature, 469-472
glass transition, 394-395, 410-412
latex, 185
melting temperature, 479-480
stress-strain behavior, 434-437
thermoelastic behavior, 470-472
tires in, 485-488
WLF parameters, 533-534
Nematic structures, 326-327
Networks, 108-110
see also Crosslinked polymers
see also Rubber elasticity
defects, 461
structure, 432-434
swelling, 461-462
Neutron reflectometry, 635-637
Neutron scattering, 95-98, 203-207
see also Instruments
see also SANS
Newton’s law, 351-352
NMR, 40-42
see also Instruments
solid state, 49-51
strain analysis, 5658
Nobel prize winners, 237-238
Nomenclature and structure, 12-16,
26-29, 45-47, 51-55
Non-drip latex paint, 646647
Nonlinear optics, 786-789
Normal stresses, 540-544
Nucleation and growth, 159-163
Number-average molecular weight,
85-91
see also Molecular weight
Nylon, 405-406
see also Polyamide
glass transition, 405-406

Oligomer, 71-73
Optical tweezers, 794-795
Order-disorder
block copolymers, 710-713
polymers in, 209-211
Orientation function, 199-203
Osmotic pressure, 88-91

Paint, non-drip, 415, 646647
see also Latexes

INDEX

Pancake, 648-649
PEEK
composite, 582-584
fiber reinforced, 722-723
structure, 722
Percolation, 427-429
Permeability, 178-183
see also Diffusion
Permselectivity, 179-181
see also Diffusion
Persistence length, 201, 213
Phantom network, 464-465
Phase diagrams, 148-172
block copolymers, 710-713
liquid crystalline-solvent, 327-328,
338-341
metastable IPN, 719-721
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polymer-polymer, 153-172, 694-696,

710-721,

polymer-solvent, 148-150
Phase inversion, 707-708
Phase separation, 145-172

see also Phase diagrams

blends, 163-165

ionomers, 172

IPNs, 168

kinetics, 159-163

polymer-solvent, 148-150

thermodynamics, 156-159
Phenol-formaldehyde resin, 564-565

mechanical strength, 573-576, 762—

765
Phenolphthalein, 410-412
Photophysics, 58-63
Physical aging, 528-529
Plastics, see individual polymers
definition, 415
engineering, 815-816
surface tension, 615-619
Plastic zone, 586-588
Plasticizers, 18-19, 361
Poisson’s ratio, 350-355
Polyacetylene, 783-786
Polyamide 6, 536-537
Polyamide, 66
see also Poly(hexamethylene
adipamide)
characteristic ratio, 211-216
density, 74-76
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fatigue, 592-593

hydrogen bonding, 252-253

tensile strength, 564-565
Polyamides

see also Nylon

characteristic ratio, 212

density, 74-76

glass transition, 345

nanocomposites with, 729-730

solubility parameter, 74-76

synthesis, 14-18
cis-Polybutadiene

characteristic ratio, 211-212

density, 74-76

equation of state parameters, 157—

159

interfacial tension, 617-618

intrinsic viscosity, 113-115

mechanical properties, 736-741

molecular characteristics, 526528

permeability, 175

rubbery plateau, 360

solubility parameter, 74-76

structure, 28, 481-482

thermoelastic, 469-472

theta solvents, 89-91
Poly(butadiene-stat-styrene)

see also Rubber

Flory-Huggins y; value, 84
Poly(n-butyl acrylate), 89-91
Poly(butyl methacrylate)

diffusion coefficient, 223-224

equation of state parameters, 157—

159

interfacial tension, 617-618

MALDI/TOF, 130-132

surface tension, 615-617
Polycatenane, 773-775
Polycarbonate

block copolymers, 622-626

characteristic ratio, 211-212

fatigue, 592-593

infrared spectra, 43—-45

mechanical strength, 573-576

surface tension, 615-617

tensile strength, 564-565
Polychloroprene

interfacial tension, 617-618

melting behavior, 479-480

structure, 481-482
surface tension, 615-617
Poly(decamethylene adipate)
see also Polyester
critical entanglement chain length,
536-537
Poly(2,6-dimethylphenylene oxide),
157-159
Poly(dimethyl siloxane)
block copolymers, 622-626
bond interchange, 508-510
critical entanglement chain length,
536-537
equation of state parameters, 157—
159
Flory-Huggins y; value, 84
glass transition temperature, 358
interfacial tension, 617-618
melt viscosity, 533-535
molecular characteristics, 526-527
stress-strain behavior, 576-581
structure, 482
supercritical fluids in, 779-780
surface tension, 615-617
thermoelastic, 470-472
viscoelastic behavior, 8-10
Polydispersity, 107-108
polymerization method, 107-108
Polyester
bacteria produced, 772
melt viscosity, 533-535
synthesis, 14-16
unsaturated, 564-565
Poly(ethyl acrylate)
synthesis, 10-14
intrinsic viscosity, 113-115
thermoelastic, 470-472
Polyethylene
characteristic ratio, 211-212
copolymers, 47-49, 760-762
critical entanglement chain length,
535-538
crystallinity, 8-10
density, 74-76

equation of state parameters, 157-159

fusion, 2-6, 239-240

glass transition, 404-405
interfacial tension, 617-618
kinetics of crystallization, 280-290



mechanical properties, 736-741
molecular characteristics, 526
permeability, 175

production, 757-760
properties, 757-760

solubility parameter, 74-76
spherulites, 260-265

surface tension, 615-617
tensile strength, 564-565
thermoelastic, 470-472

theta solvent 91-92

unit cell, 248-249

Poly(ethylene glycol) see Poly(ethylene

oxide)
Poly(ethylene oxide)
bound to latexes, 657-659, 795
bound to mica, 652655
characteristic ratio, 211-212
crystallization kinetics, 271-274
density, 74-76
Flory-Huggins y; parameter, 84
fusion, 239-241
IR and Raman spectra, 43-45
molecular characteristics, 526-527
solubility parameter, 74-76
surface tension, 615-617
turbulent flow reduction, 145-148,
814-815
water soluble, 814-815
Poly(ethylene terephthalate)
crystallization kinetics, 271-274
fusion, 239-240
permeability, 175
surface tension, 615-617
synthesis, 14-16
tensile strength, 564-565
transitions, 368-369
Poly(ethyl methacrylate)
permeability, 175
WLF parameters, 533
Poly(hexamethylene adipamide)
see also Polyamide 66
fusion, 239-240
structure, 26-29
Polyimide, 764-765
Polyisobutene (Polyisobutylene)

critical entanglement chain length,

533-535
density, 74-76

INDEX 839

equation of state parameters, 157-159
glass transition, 410-412
master curve, 379-380, 531-533
melt viscosity, 531-533
solubility parameter, 74-76
WLF parameters, 533

cis-Polyisoprene

see also Natural rubber

block copolymers, 710-713

characteristic ratio, 211-212

Flory-Huggins y; parameter, 84

fusion, 239-240, 479-480

glass transition temperature, 358,
410-412

mechanical properties, 736-737

molecular characteristics, 526

thermoelastic, 470-472

trans-Polyisoprene, 470-472
Polymer see also individual polymers

characteristic ratio, 211-212

crystallinity, 239-234

cyclic, 128-129

density, 74-76

electroactive, 789-794

equation of state parameters, 157—
159

evidence of, 312-314

fatigue, 588-593

fusion properties, 239-240

glass transition, 410-412

impact resistance, 573-576

intrinsic viscosity, 113-115

light-emitting, 789-790

mechanical strength, 573-576

molecular aspects, 593-601

molecular characteristics, 526-528

molecular weights, 71-144

muscle actuators, 792-793

nomenclature and structure, 12-16,
26-29, 45-47, 51-55

permeability, 173-175

piezoelectric, 790-792

solubility parameters, 74-76

solutions, 73-84, 145-172

structures and nomenclature, 12-16,
26-28, 45-47, 51-55

thermoelastic, 469-472

theta solvents, 89-91

WLF parameters, 533
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Polymerization, see Synthesis
anionic, 107-108

chain polymerization, 10-14, 103-104

dispersion, 780-782

free radical, 10-14

metallocene, 107-108, 758-760

step, 14-18, 105-107

Ziegler-Natta, 107-108, 758-760
Poly(methyl methacrylate)

biaxial stress envelope, 570-573

characteristic ratio, 211-212

critical entanglement chain length,

533-537
density, 74-76
diffusion coefficient, 223-237

equation of state parameters, 157-159

fatigue, 588-593

fracture surfaces, 622-626

glass transition, 394-397, 410-412

GPC, 125-127

interfacial tension, 617-618

intrinsic viscosity, 113-115

IPNs of, 719-721

mechanical properties, 724

mechanical strength, 573-576

melt viscosity, 533-535

molecular characteristics, 526-528

NMR analysis, 40-42

oil resistance, 145-148

PS fracture energy with, 626-627

solubility parameter, 74-76

stress relaxation, 527-528

surface tension, 615-617

tacticity, 40-42

tensile strength, 564-565

viscoelastic behavior, 8-10

XPS spectra, 622-626
Poly(p-methyl styrene), 391-392
Polyolefins, 12-14, 757-762

see also EPDM

see also Polyethylene

see also Polypropylene

unit cells, 249-252
Poly(oxymethylene)

fusion, 239-240

lamellae, 260-265
Poly(oxytetramethylene), 89-91
Polyphenylene, 783-786
Poly(2,6-phenylene oxide), 588-592

Poly(phenylene sulfide), 783-786
Poly(phenyl quinoline), 783-786
Polyphosphazine, 482
a-Polypropylene, 271-274
it-Polypropylene
characteristic ratio, 211-212
crystallization kinetics, 271-274
equation of state parameters, 157—
159
fusion, 239-241
intrinsic viscosity, 113-115
mechanical strain, 56-58
production, 757-758
supercritical fluids in, 779-780
tensile strength, 564-565
syn-Polypropylene, 760
Poly(propylene oxide), 536-537
Polypyrrole, 783-786
Polyrotaxane, 773-774
Polystyrene
block copolymers with, 168-172,
403-404, 482-484, 710-713
bound to mica, 652-655
characteristic ratio, 211-212
crazing, 570-573, 596-597
critical entanglement chain length,
536-537
density, 74-76
diffusion coefficient, 223-224
dynamic mechanical behavior, 369—
372
equation of state parameters, 157—
159
fatigue, 588-593
filled, 698-699
Flory-Huggins y, value, 84
frequency dependence, transitions,
380-381
glass transition temperature, 358,
394-395, 410-412
GPC, 125-127
hole size, 391-392
house paints in, 145-146
interfacial tension, 617-618
intrinsic viscosity, 113-115
mechanical properties, 737-739, 765
mechanical strength, 573-576
melt viscosity, 533-535
molecular characteristics, 526528



phase separation from PVME,
159-163
PMMA fracture energy interface,
622-626
production, 757-758
pull-out energy, 596-597
ripple experiment, 636637
shear storage modulus, 462-464
solubility parameter, 74-76
supercritical fluids in, 779-780
surface tension, 615-617
tensile strength, 564-565
theta solvents, 89-91
transition summary, 376-377
WLF parameters, 526527
Young’s modulus, 354-355
Polysulfone, 588-593
Polytetrafluoroethylene
density, 74-76
fusion, 239-240
solubility parameter, 74-76
surface tension, 615-617
tensile strength, 564-565
Polytetrahydrofuran, 113-115
Polythiophene, 783-786
Polytrifluorochloroprene, 372-373
Polyurethanes
IPN of, 719-721
structure, 482-484
varnishes, shellac, and adhesives as,
145-148
WLF parameters, 533
Poly(vinyl acetate)
characteristic ratio, 211-212
critical entanglement chain length,
536-537
equation of state parameters, 157-159
expansion coefficient, 378-379
glass transition, 410-412
interfacial tension, 617-618
intrinsic viscosity, 113-115
surface tension, 615-617
viscoelastic behavior, 8-10
Poly(vinyl alcohol), 37-39
Poly(vinyl chloride)
density, 74-76
diffusion coefficients, 175-178
fatigue, 588-593
fusion, 239-240
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glass transition, 410-412

mechanical strength, 564-565

physical aging, 528-529

plasticization, 145-148

production, 757-758

solubility parameter, 74-76

tacticity, 37-39

tensile strength, 564-565
Poly(vinylidene chloride), 175
Poly(vinylidene fluoride), 588-590
Poly(vinyl methyl ether), 159-163
Porod’s law, 643-644
Positron annihilation lifetime

spectroscopy, 391-392

Pressure-sensitive adhesives, 670
Processing

blends and composites, 741-748

melts, 538-547

sheet molding compounds, 741-748

spinning fibers, 307-311
Production of polymers, 751-758
Proteins, 67-71, 107-108, 807

amino acids, 800-803

bread doughs in, 765-769

denaturing, 429

globular, 429-430

structure, 429-430

wine clarification, 145-148
Pseudoplastic, 546-547

Radial correlation, 199-203
Radius of gyration, 91-103, 203-207,
213-214, 521-525
Raleigh scattering, 202-203
see also Light-scattering
Random coil, 213
see also End-to-end distance
see also Radius of gyration
history, 232-236
light-scattering and, 98-99
rubber elasticity and, 434-437
relationships, molecular parameters,
526
Raster analysis, 627
Recycling, 12-14
Reduced variables shift factor, 529-533
see also WLF equation
Relaxation, 361
time, 515-519
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Renewable resources, 769-772
see Natural
Reptation, 219-222, 521-525, 737-738,
636-637
see also Diffusion
Retardation time, 515-529
Rheology, 538-547
see also Viscoelasticity
cheese, 553-556
dynamic viscosity, 544
normal stresses, 540-544
viscosity shear dependence, 539-540
Weissenberg effect, 540-549
Ripple experiment, 636-637
Rod-shaped structures, 326, 344-345
Rosin, 410-412
Rouse relaxation time, 521-525
Rouse-Bueche theory, 217-219
Rubber
demonstrations, 497-506
modulus, 354-355
network structure, 432-434
Rubber elasticity, 427-506
Carnot cycle, 450-453
concepts, 434-437
continuum theories, 453-459
crosslinks and, 427-429, 460-461
demonstration experiments, 497-506
equations of state, 442-445
Flory-Rehner equation, 472-473
fusion behavior, 479-480
internal energy, 469-472
melting and, 479-480
Mooney-Rivlin equation, 453-455
phantom network, 464-465
refinements, 459-469
strain and melting, 479-480
thermodynamics, 437-439
thermoelastic behavior, 469-470
thermoplastic, 482-484
Rubbery flow region, 260
Rubbery plateau region, 358-360

Saffman-Taylor meniscus instability,
597-599
Salicin, 410-412
SANS, 223-237, 521-525
see also Instruments
see also Small-angle neutron scattering

SBR
see also Poly(butadiene-stat-styrene)
carbon black in, 696-698
IPNs with, 168
tires in, 485-488
Scaling laws, 150-153, 192-196, 599-600,
659-660
Scanning electron microscopy, 626627
see also Instruments
bread doughs of, 766-767
Scanning probe microscopy, 627-631
Schatzki crankshaft motion, 375-376
Screening length, 150-153
see also Correlation length
Schlieren texture, 341-342
Secondary ion mass spectroscopy,
631-632
Second-order non-linear optics, 788-789
Selenium, 410-412
Self-assembly, 773
Self-similarity, 660-661
Semi-dilute regime, 150-153, 192-197
Separations, gas, 179-180
Sessile
bubble, 619-622
drop, 619-622
Shear bands, 570-573, 737-739
Shear modulus, 350-351
Sheet molding compounds, 728-729
Side-chain liquid crystals, 336-338
Silanes, 584
Silica, 585-588
Silicone rubber, 482-484
see also Poly(dimethyl siloxane)
Silk fibers, 769-772
spinning, 769-772
Size exclusion chromatography, 117—
118
Simultaneous interpenetrating polymer
networks
see also Interpenetrating polymer
networks
epoxy/acrylic, 403-404
Small-angle neutron scattering, 203—
207
see also Instruments
see also SANS
locations for, 203-207
orientation and 521-525



rubber elasticity and, 465-469
scattering lengths, 203-207
Smectic structures, 326-327
Sodium carboxymethyl cellulose,
145-148
Sol-gel transition, 427-429
Solid state NMR 49-51
Solubility parameter, 7379, 165-168
experimental, 74-76
tables, 73-79
theory, 77-79
Solutions, polymer
concentrated, 145-150
dilute, 47-49, 82-84, 150-153
formation, 73
semi-dilute, 150-153
thermodynamics, 79-85, 135-136
Specific strength, 582-584
Specific interfacial surface area, 640-643
Spherulites, 260-269
see also Crystalline state
Spinning processes, 307-309
silk, 769-772
Spinodal decomposition, 159-163
Spreading coefficient, 617-618
Springs
failure in 559-560
viscoelastic, 510-511
Starch
bread doughs in, 765-769
structure, 67-70
Steel, 737-739
Step polymerization, 14-18, 107-108
Steric stabilization, 652-655
Stereochemistry, 36—42
Stirling’s approximation, 80-82
Stokes-Einstein equation, 657-659
Storage modulus, 355
see also Modulus
Strain energy functions, 455-459
Strain energy release rate, 559-560, 573,
586-588, 637-640
see also Fracture energy
Strain optical coefficient, 199-203
Strain to break, 578-581
Stress intensity factor, 586-588
Stress-optical coefficient, 199-203
Stress relaxation, 517-518
energy of activation, 552-553
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Stress-strain behavior

elastomers, 434-437

plastics, 562-565

poly(dimethyl siloxane), 576-580
Structures and nomenclature, 16, 26-28
Styrene-butadiene rubber, 8-10

see also SBR
Strain, analysis, 56-58

see also Stress-strain behavior
Sulfur

crosslinker, 430-431

polymeric, 484-485

vulcanization, 430-431
Supercritical fluid solutions, 779-782
Superposition, time-temperature,

529-533

Surface forces apparatus, 652—-655
Surface tension, 619-622

entropy, 615-617
Surfaces, 614-686

see also Interfaces

surface tension, 619-622

free, 612-614

interior, 640-644

modifications, 670-671
Surfactants, 184-186
Suspensions, 184-186
Swelling, 173

hydrogels, 747-748
Swelling coefficient, 76-77
Switchboard model, 260

see also Crystalline state
Symbols and definitions, XXXV
Synthesis, 10-16

see also Polymerization

Tacticity, 37-39
glass transition effects, 408—-410
polypropylene, 760-761
Tails, 647
Takayanagi models, 513-515
Tan delta, 362-366, 485-488
Tensile strength,
molecular weight and, 4-6, 594-599
plastics of, 564-565
Texture, 769
Thermodynamics
mixing, 79-85
phase separation, 153-172
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solution, 135-136
statistical, 80-82
Thermoplastic elastomers, 482—484
see also Block copolymers
Thermosets, 762-765
see Epoxies
see phenol-formaldehyde resins
Thermotropic liquid crystals, 334-336
Thin Films, 662-664
Third-order nonlinear optics, 786—787
Time dependence
dilatometry, 378-379
mechanical relaxation, 379-380
Time-temperature superposition,
529-533
Time-temperature-transformation,
398-399
Tire
composition, 585-588
skid resistance, 585-588
Trains, 644-646
Trans-gauche conformation, 30-31, 55-56
Transitions, 8-10
see also Fusion
see also Glass transitions
see also Liquid crystals
see also Melting
see also Order-disorder
see also Second-order
other, 375-376
Transverse lengths, 640643
TTT diagram, 398-399, 718-719
IPNs, 718-719
Tubes, 219-222, 521-525
see also Reptation
Tweezers, optical, 794-795

UCST, 153-156

Universal calibration, 127-128

Upper critical solution temperature,
153-156

Urea-formaldehyde polymers, 765

Viscoelasticity, 8-10, 355-366, 507-556
cheese of, 553-556
creep, 507-514
five regions, 355-365
four element model, 511-513, 553-556
Kelvin element, 510-511

Maxwell element, 510-511
molecular basis, 508-510
physical aging and, 528-529
procedure X, 518
relaxation time, 515-528
retardation time, 515-528
rheology, 538-547
springs and dashpot models, 510-514
stress relaxation, 507-514, 552-553
Takayanagi models, 513-515
time-temperature superposition,
529-533
time-temperature-transformation,
398-399
viscosity shear dependence, 539-540
viscosity, melt and, 533-538
Voigt element, 510-511
Viscosity
see also Melt viscosity
Bingham plastic, 546-547
complex, 544
dilatant, 546-547
drag reduction, 812-813
flow models, 546-547
glass transition and, 361-362
intrinsic, 111-117
melt, 350-351, 546-547
Newtonian, 546-547
pseudoplastic, 546-547
relative, 111-112
specific, 111-112
viscosity-average molecular weight,
85-87,113-115
Vitrification, 150
see also Glass transition
time-temperature-transformation,
398-399
phase separation and, 150
Voigt element, 510-511
Von Mises criterion, 570-573
Vulcanization, 430-431

WAXS, 207-209
see also Instruments
Wear, 601-603
Web sites for polymers, 24-25
Weight-average molecular weight, 85-87,
91-103
see also Molecular weight



Weissenberg effect, 540-544
Wide angle X-ray scattering, 207-209
WLF equation, 384-389, 533
universal constants, 553
Wood, 737-739
see also Cellulose
Work of adhesion, 637-640

Xanthan gum, 539-540
XPS, 622-626

see also ESCA
X-ray diffraction, 207-209
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Young’s equation, 619-622
Young’s modulus, 350
see also Modulus
composites, 698-699
numerical values, 354-355, 724
thermosets and thermoplastics, 737-739

Z-average molecular weight, 85-87

Zanthan gum, 539-540

Ziegler-Natta polymerizations, 107-108,
758-760

Zimm plot, 98, 203-207






