
General index

Page numbers in italics refer to molecular diagrams

8CB, 5, 5, 339

α,β-D-glucopyranose, 57

A-gliadin, 368

α-helix, 112

acetylene, trans, 530

actin, 363, 367

actuators, see sensors and actuators

affine deformation, in shear flow, 389

airbags, for Martian landers, 487

alignment, see orientation

alignment layers, photoregulated, 514–16

alternating copolymer, 14

amino acid, 58

amphiphilic

LCPs, 114

molecules, 11, 33, 358

amyloid disease, 371

amylopectin, 58, 376, 376–8

amylose, 376, 376

anchoring energy, at surface, 341

antiferroelectric phase, 29, 274

aperiodic crystals, 279

aperiodic maxima, 279

applications

actuators, 540–3

airbags, for Martian landers, 487

artificial muscle, see artificial muscle

backlights for displays, 517, 520

barrier films, 493–4

biaxially oriented tubing and films, 496

birefringence compensation films, 513

chiral smectic devices, 508–9

cholesteric reflectors, 510–12

colour filters, 512

displays, 507–16

flexible, 509

electronics, 495

laser writeable devices, 523–6

lasing, see lasing

light operated actuator, 542

light-emitting diode, 516

light-emitting polymers, 516–23

medical, 495

miniaturisation, 496

non-linear optics, 526–40

of blends and composites, 488–90

of extrudates and mouldings, 490–6

of functional LCPs, 504–42

of LCP fibres, 487–8

of structural LCPs, 486–96

optical fibre cladding, 482

optoelectronic materials, 504–7

photooptical recording, 526

photoregulated alignment layers, 514–16

polymer-stabilized ferroelectric displays, 509–10

semiconducting LCPs, 516–23

sensors, 540–3

strain guages, 541

temperature sensors, 541

thermooptical recording, 523–5

thin-film transistors, 521

aramid fibre, 11

archway, see director field, archway

aromatic polyamides, 98

aromatic polyesters, 77–91

artificial muscle, 7, 214, 542

aspect ratio, see axial ratio

atactic molecule, 62

axial ratio required for LC phase, 74, 75, 92, 125, 142, 149,

153, 167, 170, 370, 379

azobenzene, 525, 526

β-sheets, 371

backbone conformation

liquid crystal elastomer, 242–3, 417–22
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side-chain LCP, 194–5, 196–8, 239–44, 263–6

nematic phase, 239–44

smectic phase, 263–6

backlights, for displays, 517, 520

banded structure, see banded texture

banded texture, 311, 450–4

banding, spontaneous, see spontaneous banding

bâtonnets, 272, 349, 365

bend distortion, see distortion, bend

bending constant, worm-like chain, 180

bi-continuous phase, 115

biaxial nematic phase, 108, 231, 234, 236, 238, 261, 263,

302

biopolymers, 357–81

biphasic chimney, 93, 156, 157, 168

biphasic region of phase diagram, 95, 140, 154, 177,

367

biphasic structures, 274–6

biphenol copolymer, 82

BIQ copolymer, 85, 85, 173, 477

birefringence, 47, 511

birefringence compensation films, 513

bisphenol A, 86

bistability, 508

blends, 483–6

applications, 488–90

in situ fibre formation, 485–6

processing and rheology, 484

viscosity reduction, 484

Bloch wall, 343

block copolymer, 14

blue phase, 11, 364

bottlebrush conformation, 379

bound solvent, 81

Bragg equation, 18

Brownian motion, 394

brushes, 233, 310

bulk modulus, 42

Burgers vector, 320

carageenan, 58

carbon nanotubes, 126, 337

cellulose, 58, 100, 357, 358, 373, 373

microfibrils, 361, 373

cellulose nitrate, 75, 76

centre, see director field, centre

chain dimensions, 12–13

chain stiffness, see molecular stiffness

chain-end segregation, 295, 297, 302, 334–5, 336, 339, 351

chained smectic, see smectic phases, chained smectic

chemical shift, 44

chimeric liquid crystallinity, 374

chiral doping, 248

chiral nematic, 32, 244

chiral smectic devices, 508–9

chiral smectic phase, see smectic phases, chiral

chirality, 32, 33, 244

chitin, 58, 373

cholesteric phase, 32, 244–55

helical pitch, 244, 299

critical field strength, 299

dependence on concentration, 246

dependence on pressure, 246

dependence on salt concentration, 246

dependence on temperature, 246

effect of electric and magnetic field, 299, 424

in DNA, 364

in liquid crystal elastomer, 250

in microfibrilar suspensions, 373

in polymers, 244–55

chiral doping, 248

in side-chain LCPs, 249

in silk solutions, 370

induced, 249

lyotropic, 244

optical properties, 250–5

circular dichroism, 253–5

fingerprint texture, 251

focal conic texture, 251

Grandjean lines, 252

Grandjean texture, 251

optical activity, 255

optical symmetry axis, 253

pseudo Bragg reflections, 252

rotatory power, 255

selective reflectivity, 255

structure, 244–7

cholesteric reflectors, 510–12

bandwidth, 511

pitch-gradient structure, 512

cholesterol, 3

chromatin, 365

circular dichroism, 253–5

cis isomer, 525

cis-trans isomerism, 62

clearing temperature, 68

cluster integral, 137

coagulation bath, 99, 457

col, see director field, col

col-foyer, see director field, col-foyer

collagen, 363

colloidal particles, 126

colour filters, 512

columnar phase, 22–3, 365

combined main-chain side-chain LCPs, 119–21, 239

common tangent construction, 61, 141, 153

complex modulus, see modulus, complex

compliance tensor, 40
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576 General index

composites, 483–6

applications, 488–90

fibre-matrix, 490

in situ formation, 485–6

computer simulation

disclinations, 317–20, 327

Fréedericksz transition, 318

persistence length, 171

point singularities, 318, 332

semi-flexible molecules, 187–90

texture under shear, 404–8

condensation reaction, 54

configuration integral, 137

conformation

extended-chain, 463–5

optically induced change, 525–6

polymer, 14

random, 461

trans, 461

conformational entropy, 79

conoscopic image, 234, 239

constant volume criterion, 219

continuum theory

of elasticity, 292

of fluid flow, 396

contour length, 12

copolymer, 14

BIQ, 85, 173, 477

HBA/HNA, 83, 277, 278, 326, 343, 426, 446,

452, 466, 473, 477, 479

PET/PEN, 285

PET/PHBA, 84, 480

with biphenol, 82

with hydroquinone, 85, 173, 477

with hydroxybenzoic acid, 82, 83, 85, 173,

477

with hydroxynapthoic acid, 83

with isophthalic acid, 85, 173, 477

with terephthalic acid, 82

corneal tissue, 362

COTBP, 479, 479

Cotton–Mouton constant, 209

Cotton–Mouton effect, 208, 209–10, 505

counterions, 358, 359

Cox–Merz rule, 445

crab cuticle, 361

crankshaft motion, 15, 72, 73, 78

critical persistence ratio

for LC phase, 169–73

hairpin bends, 174

cross-linking, 109

photo-induced, 510, 511, 515, 534,

542

crystal solvates, 96–8

crystallization

computer simulation, 279–82

effect on mechanical properties, 465

effect on orientation, 277–8

in amylopectin, 376–8

in HBA/HNA copolymers, 278–84

in KevlarTM, 278

in main-chain LCPs, 277–85

in random copolymers, 87, 278–85

non-periodic lattice crystals, 285, 371

non-periodic layer model, 279–85, 371

paracrystalline lattice moel, 282

plane-start model, 282

sequence matching, 279, 284

spider silk, 285, 370–1

crystals

aperiodic, 279

evidence for, in random copolymers, 278–9

non-periodic lattice, 285, 371

non-periodic layer, 279–85, 371

observation in transmission electron microscope, 278, 279

cyano-biphenyl, 5

cybotactic nematic, 266–9

cytoskeleton, 367

DANS, 540

Debye length, 54, 145

decoration techniques, 311–15

etching, 313

focal conics, 313

lamellar crystallization, 312

spontaneous banding, 311

striped instability, 313

surface microcracks, 315

deflection temperature under load, see heat deflection

temperature

degree of crystallinity, 19

dendrimers, 121–3

denier unit, 39

deoxyribonucleic acid, 46, 123, 168, 179, 273, 357, 358,

363–6

deuterium NMR, 45

Dh phase, 23

Dhd phase, 124

diamagnetic

anisotropy, 299, 425

susceptibility, 28, 425

diamond, 461

dichroic ratio, 517, 518

die swell, see processing, die swell

dielectric

anisotropy, 28, 299, 422

permittivity, 27–8, 422

dielectric spectroscopy, 15, 472
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differential scanning calorimetry, 15

diffraction, 17–19

from nematic phase, 234

from random copolymers, 278–85

from smectic phase, 258, 259

dilatation, 42

dimensions of polymer chain, 12

dimerisation, photochemical, 515

dinoflagellate, 21, 365

dipolar alignment, see orientation, dipolar

director, 21, 49

director field, 292, 304, 309, 310

archway, 307, 351

centre, 329, 331, 333

col, 329, 331, 332, 349

col-foyer, 329, 333

effect of dissimilar elastic constants, 307–9, 332–4

foyer, 329

in flow, 406

noeud, 329, 331, 332

point, 329

singularities, see disclinations and point singularities

sunrise, 307, 346

director map, see director field

director tumbling, 392–3, 395–6, 406, 425, 447,

449

in side-chain LCPs, 456

disclination loop, see disclinations, loops

disclinations, 22, 304

analogies with dislocations, 320–3, 328

arrays, 448

at surfaces, 340–5

citeria for formation, 341–2

observations, 342–5

circuit, 305

computer simulation, 317–20, 327

cores, 305, 307, 310, 325, 336–7, 348

biaxiality, 336

effect of dissimilar elastic constants, 307–9, 332–4

escape, 324–7

in three dimensions, 315–34

in general orientations, 320

layered structures, 350

line energy, 307, 337

line vector, L, 320

loops, 327–32, 406

class I, 327, 328

class II, 328, 331, 332, 349

Saturn ring, 332

motion of, 322

observation

decoration, 311–15

fracture surfaces, 315

in thin samples, 309–15

polarised light microscopy, 309–10

thick lines, 326

thin lines, 326

planar geometry, 305–7

relaxation, 337–40, 408, 442

rotation vector, Ω, 320, 327

sign, 310

splitting or decomposing, 323

strength, 305, 310

twist, 320, 322, 334

wedge, 320, 322, 334, 346

discotic phase, 22–3

applications, 513

dislocations, 298, 304, 320–3, 350

in layered structures, 350

displacement vector, 28, 46

display applications, 507–16

backlights, 517, 520

birefringence compensation films, 513

chiral smectic devices, 508–9

cholesteric reflectors, 510–12

colour filters, 512

photoregulated alignment layers, 514–16

polymer-stabilized ferroelectric devices, 509–10

distortion, 23–5, 292–304

bend, 25, 293, 297–8

in smectic A phase, 298

effect on order parameter, 293

free energy density, 25, 294

in polymers, 351–2

saddle–splay, 303, 326, 350

splay, 23–5, 293, 294–6

twist, 25, 293

DNA, see deoxyribonucleic acid

Doi–Edwards model, 409–13

biphasic region, 411

elasticity, 413

experimental verification, 410

nematic phase, 411

viscosity in terms of order parameter, 412

domains, 276–7, 428, 448

DP, see polymerization, degree of

Dr phase, 23, 124

drawdown

of extrudates, 480

of fibres, 457

Drd phase, 23

dry jet wet spinning, 99, 457

DSC, see differential scanning calorimetry

Dupin cyclide, 347

dynamic scattering mode, 431

E–Z isomerism, 525

eggcase protein, 362
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578 General index

Einstein summation convention, see tensor, summation

convention

EkonolTM, 491

elastic constants, see Frank elastic constants

elastic energy of strained solid, 42

elastic modulus, 39

elasticity

in LCPs, 413

soft, 421

elastomer, 6–7, 26

liquid crystalline, see liquid crystal elastomer

work done in stretching, 26

electric field, 26

effect on helical pitch, 299, 424

influence on mesophase stability, 206–8

molecular response, 26

response of ferroelectric molecule, 509

response of LCP, 422–4

response of main-chain LCPs, 423–4

response of side-chain LCPs, 422–3

use in determining elastic constants, 301

electrical connectors, 495

electrohydrodynamic instabilities, 431

electroluminescence, 29, 521

polarised, 517

electrorheological effect, 424–5

electrostatic persistence length, see persistence length,

electrostatic

end-to-end distance, 12

entanglement density, 455

entanglement effect, 409

enthalpy of mixing, 60

entropy of mixing, 60

equator, of diffraction pattern, 18

equatorial maxima, 234, 293

Ericksen number, 404, 406, 408, 452

critical, for flow alignment, 405

internal, 404

mesoscale, 404, 406

texture-based, 449

escape, see disclinations, escape

evolution equation, 390

effect of texture, 403–4

excluded volume, 135, 409

extension ratio, 38

extensional flow, 389

extensional strain rate, 397

extinction lines, 310

extraordinary ray, 47

extrudates and mouldings, 480–3

applications, 490–6

shape stability, 494

extrusion, see processing, extrusion

F-actin, 366–7

F8, see poly(dioctylfluorene)

F8BT, 519, 519, 520

F8T2, 521, 521

fan-shaped texture, see focal conic texture

fd-virus, 111, 125, 145, 147, 208, 209, 211

ferrielectric phase, 29, 274

ferroelectric displays, 508–9

polymer stabilized, 509–10

ferroelectric phase, 29, 119, 274, 423

fibre-matrix composites, 490

fibres

applications, 487–8

generally, 489

axial tensile moduli, 468

cellulose, 468

compressive properties, 475–7

compressive strength, 476

in situ formation, 485–6

KevlarTM, 99, 466

kink bands, 475

lyotropic LCP, 99, 457

M5TM, 468, 476

silk, 371–3

specific moduli, 468

specific strength and stiffness, 490

spinning, see processing, fibre spinning

tensile strength, 472–5, 476

thermotropic LCP, 457–8, 487

TwaronTM, 99, 466

VectranTM, 466

ZylonTM, 466

fibrillation, 478

filamentous bacteriophage, 123, 374

filamentous proteins, see proteins, filamentous

filled polymers, 488, 493

fine-scale optical textures, 234–6

fingerprint texture, 251, 275, 299, 364, 367

first normal stress difference, 386, 413–14, 443–4, 450

flexible displays, 509

flexible spacer, 6, 69, 89, 101

effect on diamagnetic susceptibility, 426

effect on field-induced orientation, 422

effect on viscosity, 426

hairpin bends, 173

in side-chain LCP, 106–7, 237

poly(ethylene oxide), 91, 106

polymethylene, 91, 101, 106

polysiloxane, 91

promotion of smectic phase, 257, 270

flexible tail, in side-chain LCP, 237, 270

Flory lattice theory

for liquid crystals, 7, 94, 148–61
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General index 579

comparison with experiment, 159

effect of polydispersity, 159–61

orientation dependent interaction, 167–8

partition function behaviour, 151–3

prediction of phase diagrams, 153–9

for polymer solutions, 60

Flory–Huggins parameter, 61, 153

flow

Newtonian, 66, 441

non-Newtonian, 66

non-turbulent, 388

flow alignment, 390, 392, 393, 394, 399, 405, 425, 449

consequences for processing, 457–60

in three dimensions, 395–6

flow curves, see rheology, flow curves

flow field

extensional component, 389–92

in liquid crystals, 387–96

rotational component, 390–2

focal conic texture, 251, 270, 298, 345–50, 365, 523

broken, 272

foyer, see director field, foyer

fractionation, 143, 160

fracture stress, 38

fracture surface, 345

Frank elastic constants, 25, 166, 293–302, 326, 403

anisotropy, effect on director fields and disclinations,

307–9, 332–4

determination, 298–302

by light scattering, 415

effect of molecular weight, 297, 299

for PBLG, 301–2

for thermotropic LCP, 301

in lyotropic systems, 296–7

in nematics, 294–8

in side-chain LCPs, 294, 298

in smectics, 298

single constant approximation, 294, 307

Frank equation, 25, 294, 303, 326

free energy density

close to nematic–isotropic phase transition, 203

for nematic elastomer, 419

Landau, 201

of distortions, see distortion, free energy density

free energy of solution, 60

Fréedericksz deformation (transition), 300–1, 401, 430

freely jointed chain, 12

Friedelian classes, 30–4

cholesteric, 32

nematic, 30–2

smectic, 33–4

functional LCPs, 504–42

display applications, 507–16

for sensors and actuators, 540–3

laser writeable materials, 523–6

light-emitting polymers, 516–23

non-linear optical materials, 526–40

optoelectronic materials, 504–7

semiconductors, 516–23

G-actin, 366

Gay–Berne potential, 189

gelsolin, 59, 367

glass transition, 16, 34–6

effect on mechanical properties, 493

in mucin, 379

in side-chain systems, 101–8

temperature, 6, 35, 68, 87, 101

glassy liquid crystal, 101

globular proteins, see proteins, globular

glycoproteins, 59, 357, 378

graft copolymer, 14

Grandjean lines, 252

Grandjean texture, 251

H1 and H2 phases, 114

hairpin bends

in splay distortions, 296

influence on mesogenicity, 173–5

‘hairy rod’ molecule, 81, 262, 517

HBA/HNA copolymer, 83, 83, 277, 278, 326, 343, 426, 446,

452, 466, 473, 477, 479

HBAB, 395, 395

HbS, see sickle-cell haemoglobin

heat deflection temperature, 36, 493

hedgehog, see director field, noeud

helicoid, 36, 357, 360–3, 373

helix–coil transition, 190–2

hemicellulose, 358

hinge effect, 185

hinge, side-chain LCP, 193, 199

homeotropic orientation, see orientation,

homeotropic

homogeneous orientation, see orientation,

homogeneous

homopolymer, 36

HPC, see hydroxypropyl cellulose

hydrophilic group, 11, 358

hydrophobic group, 11, 358

hydroquinone copolymer, 85, 173, 477

hydrostatic stress, 37

hydroxybenzoic acid copolymer, 82, 83, 85, 173, 477

hydroxynaphthoic acid copolymer, 83

hydroxypropyl cellulose, 75, 76, 92, 170, 246, 249, 373,

446, 451

hyperbolic hedgehog, see director field, col
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in situ fibre formation, 485–6

incompressible solid, 41

induced cholesteric, 249

injection moulding, see processing, injection moulding

insect cuticle, 360

instabilities, 430–1

electrohydrodynamic, 431

stripes, see striped instability

interference figure, 234

internal Ericksen number, 404

inverse micelle, 114

inverse piezoelectric effect, 53, 541

isoelectric point, 54, 359

isomerisation, photo-induced, 515

isophthalic acid copolymer, 85, 173, 477

isotactic molecule, 62

isotropic–nematic coexistence, 145

jetting, 460

κ-carageenan, 374

K1, K2 and K3, 25, 293–302, 326

determination, 298–302

K24, 303, 326, 350

kayaking, 396, 406

Kerr constant, 210

Kerr effect, 210–12, 505

KevlarTM, 4, 99, 278, 370, 371, 450, 451, 457, 463, 466,

487

applications, 489

pleated sheet structure, 451

kink bands, 475

Kronecker delta, 65

Kuhn chain, 13, 168, 173

hairpin bends, 174

Kuhn link, 13, 169

Lα phase, 114

Lamé constants, 41, 213

Landau free energy density, see free energy density, Landau

Landau theory, 201–2

Landau–de Gennes theory, 202–20

applied to liquid crystal elastomers, 212–15

nematic–isotropic phase transition, 205

laser writeable devices, 523–6

photo-optical recording, 526

thermo-optical recording, 523–5

lasing, 521–3

in cholesteric phases, 7, 522

in liquid crystal elastomers, 7, 522

in polyfluorenes, 521

laterally attached mesogen, 108, 237

lattice simulation

for shear flow, 404

of disclination relaxation, 317–20

of nematic–isotropic phase transition, 163–7

layer hopping in smectics, 200

layer line, 18, 234

Lebwohl–Lasher model, 163–7

LED, see light-emitting diode

Leslie angle, 392–3, 394, 395, 399

Leslie coefficients, 397, 430, 454

measurement by light scattering, 416

Leslie–Ericksen equation, 397

Leslie–Ericksen theory, 387, 396–9, 401, 447

levan, 374

levan–DNA complex, 374

light filter, 512

light operated actuator, 542

light recycling, 510

light scattering, 415–16

measurement of Frank constants, 415

measurement of Leslie coefficients, 416

measurement of Miesowicz viscosities, 415

light-emitting diode, 516

typical structure, 518

light-emitting polymers, 7, 516–23

lipid bilayers, 358

lipids, 11, 358

liquid crystal elastomer, 26, 69

backbone conformation, 242–3

cholesteric phase, 250

coupling between backbone and mesogens, 242

odd–even effect, 243

cross-linking, 109

in the anisotropic phase, 110

field-induced shape change, 110

free energy density, 419

hydrogen bonded, 119

influence of stress on phase behaviour, 215–17

Landau–de Gennes theory, 212–15

one-dimensional form, 217–19

lasing, see lasing, in liquid crystal elastomers

mechanical response, 417–22

monodomains, 418

magnetic field route, 418

mechanical route, 418

polyacrylate, 243, 417, 418, 420

polysiloxane, 243, 417, 418

soft elasticity, 421

stress-induced birefringence, 216

stress-induced orientation, 110

striped textures, 420

liquid crystalline dendrimers, 121–3

liquid single crystal elastomer, 26, 418

ferroelectric, 541

log rolling, 403, 406

longitudinal register, 19
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General index 581

loops, see disclinations, loops

loss modulus, see modulus, loss

lyotropic liquid crystals, 36, 62, 69, 91–101, 114–17, 244–50

in biology, 357–81

in vivo, 357, 363

molecular model for flow behaviour, 409–13

phase diagram, 93–5

theories, 136–61

M5TM, 468, 476

applications, 489

macroion, 358

magic angle spinning, 45

magnetic field, 26, 28

effect on helical pitch, 299

influence on mesophase stability, 206–8

molecular response, 28

orientation, 278

response of LCP, 425–30

response of main-chain LCPs, 425–30

use in determining elastic constants, 301

magnetic susceptibility, 28, 206, 425

Maier–Saupe theory, 7, 161–3, 165, 180, 183

main-chain LCPs, 37, 68

effect of electric field, 423–4

effect of magnetic field, 425–30

lyotropic, 91–101

fibres, 99

in biology, 363–75

practical systems, 98–100

mesophase stability

lyotropic, 91–5

thermotropic, 75–91

polymers with flexible backbones, 112–13

main-chain side-chain LCPs, 119–21, 239

Maltese cross, 275

Martian landers, airbags, 487

Mayer function, 137, 138

MBBA, see n-(p-methoxybenzylidene)-p-butylaniline

McMillan theory, 200

mean field theory

rigid rods, 161

worm-like chain, 179–83

mechanical actuators, 214

mechanical properties, 37–42

axial tensile moduli, 468

compressive modulus, 477

compressive strength, 475–7

compressive yield stress, 477

effect of crystallization, 465

effect of orientation, 478–80

flexural modulus, 482

in situ composite, 486

specific moduli, 468

specific stiffness, 490

specific strength, 490

stiffness, 460–1

strength, 460–1

tensile strength, 472–5, 476

effect of molecular weight, 473

temperature dependence, 473

theoretical axial moduli, 466

mechanical spectroscopy, 471

melting point reduction, 4, 55, 77, 82, 91, 98

melting temperature, 68, 69

of crystal, 69–74

meridian, of diffraction pattern, 18

mesogenic unit, 42

mesomorphic phase, 42

mesophase, 3, 42

mesophase stability, 68

influence of electric and magnetic fields, 206–8

of elastomers, 109–11

theories, see theories of phase transitions

mesophase stability – main-chain LCP

lyotropic system, 91–5

modification of temperature range

flexible chains, 88–91

flexible links, 79

kinked units, 80, 85

random copolymerization, 82–8

regularly positioned units, 79–81

side groups, 80

smectic phase, 269

thermotropic system, 75–91

mesophase stability – side-chain LCP, 101–11

modification of temperature range

copolymerization, 108

cross-linking, 109–11

flexible spacers, 106–7

mesogenic units, 107–8

polymer backbone, 102–6

nematic phase, 237–9

smectic phase, 269–70

mesophase stability range, 68

mesoscale Ericksen number, 404, 406

meta linkage, 80, 85

Metropolis algorithm, 44

micelle, 114

Miesowicz viscosities, 66, 387, 399–402, 403, 424,

440, 454

measurement by light scattering, 415

miscibility studies, 233

modulus, complex, 440

modulus, loss, 440

modulus, storage, 440

molecular composites, 100–1

molecular dynamics method, 42, 189, 320
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582 General index

molecular mechanics, 42, 465

energy calculation, 42

force field, 42

molecular model, for LCPs in flow, 409–13

molecular stiffness, 72, 461–5

effect of thermal motions, 467–72

molecular weight, 43

effect on optical textures, 276

effect on viscosity, 386, 520

number average, 43

scaling laws in side-chain LCPs, 264–6

weight average, 43

monodomains

formed during flow, 449

in liquid crystal elastomers, 418

Monte Carlo method, 44, 164, 188, 319

mouldable LCP, 5, 77, 83, 387

moulding, see processing, moulding

mouldings and extrudates, see extrudates and

mouldings

mucin, 59, 357, 378–80

muscle, 363

artificial, see artificial muscle

myosin, 363

n-(p-methoxybenzylidene)-p-butylaniline, 32, 32, 205, 208,

209, 326, 395, 402, 431

nail convention, 44, 320

naphthoic ring, 73

Nc phase, 114

ND phase, 22, 23, 115

nemata, 304

nematic field, 161

nematic glass, 283

nematic phase, 3, 30–2, 229–44

backbone conformation, 239–44

fine-scale optical textures, 234–6

Frank elastic constants, 294–8

identification, 231–4

biaxiality, 234

diffraction, 234

miscibility studies, 233

phase contrast microscopy, 231

in mucin, 379

in polymers, 229–44

in side-chain LCPs, 237–9

in silk solutions, 370

principles of formation, 229–31

theories, see theories of phase transitions

nematic swarms, 165

nematodynamics, 396

networks, 6–7

Newtonian flow, 66

NI, NII and NIII phases, 7, 120, 194–8, 239–43

NMR, see nuclear magnetic resonance

noeud, see director field, noeud

nominal stress, 38

non-linear optics, 526–40

second harmonic generation, 537

devices, 537–40

electrooptic modulators, 539

optical beam steering, 539

optical-optical amplifiers, 540

Pockel’s cell, 537

importance of orientation, 527

materials, 531–7

ferroelectrics, 533–4, 536

guest–host systems, 536–7

main-chain LCPs, 534–6

side-chain LCPs, 531–4

molecular design, 528–31

for second order effects, 528–30

for third order effects, 530–1

parameters, 527–8

polarisability, 527

second order, 527

susceptibility, 527

third order, 527

non-Newtonian flow, 66, 386

non-periodic lattice crystals, 285, 371

non-periodic layer crystals, 279–85, 371

normal strain, 38

normal stress, 37

negative, 444

normal stress difference

first, see first normal stress difference

second, see second normal stress difference

NovaccurateTM, 491

NPL crystal, see non-periodic layer crystal

nuclear magnetic resonance, 44–6, 472

coupling in side-chain LCPs, 243–4

for determining viscosity, 401, 416

measurement of order parameter, 44

measurement of orientation, 45, 425

nucleic acids, 46, 357, 363–6

nucleotide, 46, 125

Nylon, 100, 441, 461

odd–even effect

backbone conformation

liquid crystal elastomers, 243

side-chain LCPs, 197

phase transition temperatures

main-chain LCPs, 89

side-chain LCPs, 106

Odijk equations, 302
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General index 583

oily streaks, 273, 350

Onsager equation, 139

solutions, 139–43

with attractive interactions, 147

with electrostatic repulsion, 145

worm-like chain, 176

Onsager theory, 7, 136–48

comparison with experiment, 145–8

effect of polydispersity, 143–4

limits of validity, 144–5

optic axes, 231

optical activity, 255

rotatory power, 255

optical anisotropy, 46–9

optical biaxiality, 310

optical indicatrix, 47

optical symmetry axis, in cholesteric phase, 253

optical textures under flow, 448–50

optically induced conformation transitions, 525–6

optoelectronic materials, 504–7

electro-activity in organics, 504–5

usefulness of polymerization, 505–7

control of the fluid state, 505–6

enhancement of properties, 507

fixing of microstructures, 506–7

order parameter, 30, 49, 230, 292

biaxiality, 336

determination from birefringence, 416

effect of distortion, 293

effect of flow, 390, 394

in magnetic field, 426

measurement by diffraction, 18

measurement by NMR, 44

order tensor, 52, 203

invariant, 203

ordinary ray, 47

orientation

biaxial, in tubing and films, 496

dipolar, 27, 504

distribution function, 49, 139

effect on mechanical properties, 478–80

homeotropic, 63, 342, 343

use in determining elastic constants, 300

homogeneous, 63, 342

use in determining elastic constants, 300

in electric field

effect of molecular weight, 423

effect of viscosity, 423

in extrudates and mouldings, 480

in flow field, see flow alignment

in magnetic field, 278

measurement by diffraction, 18

measurement by NMR, 45

photo-induced, 526

planar, 63, 342

quadrupolar, 28

surface induced, 63, 236

threshold voltage, 423

orientational entropy, 138

p-azoxyanisole, 32, 32, 165, 385, 400, 430, 431

PAA, see p-azoxyanisole

Pake doublet, 44

palisade structure, 263

para linkage, 72, 73, 80

paracrystalline disorder, 266

paraelectricity, 30, 542

Parodi relationship, 399

Parsons–Lee theory, 147

particulate systems, 123–6

partition function, 135, 139, 149, 152, 162, 180

combinatory contribution, 149–51

conformational, 182

orientational contribution, 151

PBA, see poly(p-benzamide)

PBDG, see poly(γ -benzyl-D-glutamate)

PBG, see poly(γ -benzylglutamate)

PBLG, see poly(γ -benzyl-L-glutamate)

PBO, see poly(p-phenylenebenzobisoxazole)

PBZT, PBTZ, see poly(p-phenylenebenzobisthiazole)

PDA, see polydiacetylene

PDMS, see poly(dimethylsiloxane)

pectin, 58, 358

PEO, see poly(ethylene oxide)

peptide bond, 58

permeability tensor, 206

permittivity tensor, 46

persistence length, 13, 75, 76, 92, 112, 169, 298, 302,

359, 368

computer modelling, 171

measurement, 170

persistence length, electrostatic, 359

persistence ratio, 75, 76, 80, 92, 125

critical, for LC phase, 169–73

PET, see poly(ethyleneterephthalate)

PET/ PHBA copolymer, 55

PET/PEN copolymer, 285

PET/PHBA copolymer, 84, 84, 480

PF0, see poly(dioctylfluorene)

PF2/6, 518, 518, 519, 535

PF3/5, 519, 519

phase coexistence, 93

phase contrast microscopy, 231, 309

phase diagram, 61

biphasic region, 140, 154, 177

prediction from Flory theory, 153–9
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584 General index

phase transition, 16

effect of electric and magnetic fields, 206–8

liquid crystal–isotropic, 68, 74–5

lyotropic systems, 91–101

thermotropic systems, 75–91

shear-induced, 456

theories, see theories of phase transitions

PHBA, see poly(hydroxybenzoic acid)

PHIC, see poly(n-hexyl-isocyanate)

PHNA, see poly(hydroxynaphthoic acid)

photo-induced alignment, 526

photo-induced cross-linking and polymerization, 510, 511,

515, 534, 542

photo-induced isomerisation, 515, 525

photochemical dimerisation, 515

photoluminescence, 52, 521

photo-optical recording, 526

photoregulated alignment layers, 514–16

piezoelectric modulus, 53, 541

piezoelectricity, 52, 541

PIPD, see poly(diimidazopyridinylene-dihydroxyphenylene)

pitch-gradient structure, 512

plages en eventail, 349

planar orientation, see orientation, planar

plant cell walls, 361

pleated sheet structure, 451

plug flow, 458

plywood structure, 360

PMMA, see poly(methylmethacrylate)

Pockel’s cell, 537

point defects, see point singularities

point field, see director field, point

point singularities, 233, 304, 327–32

computer simulation, 332

energies, 329

Poisson’s ratio, 41, 219

polar materials, 53

polarisation, spontaneous, see spontaneous polarisation

polariser, reflective, 511

polarizability, 28, 422

poling

of ferroelectrics, 30, 542

of non-linear optical materials, 528, 531, 533

poly(4-carboxybenzene-propionic acid), 79, 80

poly(acrylic acid), 358

poly(di-n-alkylsiloxane), 113, 114

poly(diacetylene), 516, 531, 534

poly(diimidazopyridinylene-dihydroxyphenylene), 100, 100,

466, 477

poly(dimethylsiloxane, 113

poly(dioctylfluorene), 517, 518, 519, 520, 522

poly(ethylene oxide), 91, 100

poly(ethylenenaphthoate), 285

poly(ethyleneterephthalate), 72, 79, 80, 84, 285

poly(γ -benzyl-D-glutamate), 249

poly(γ -benzyl-L-glutamate), 4, 59, 75, 76, 111, 112, 112, 159,

160, 177, 191, 192, 244, 249, 275, 342, 357, 363, 385,

386, 413, 414, 415, 430, 448, 451, 536

Frank elastic constants, 299

monodisperse oligomers, 256, 368

phase diagram

in benzyl alcohol, 96

in DMF, 93

in DMF and methanol, 94

surface orientation, 342

poly(γ -benzylglutamate), 401, 416, 446, 448, 450

poly(hydroxybenzoic acid), 73, 73, 77, 84, 86, 284, 491

poly(hydroxynaphthoic acid), 73, 73, 171

poly(methylmethacrylate), 100

poly(n-hexyl-isocyanate), 75, 76, 111, 112, 177, 179, 188, 424

poly(p-benzamide), 4, 4, 75, 76, 99, 425

poly(p-phenylene vinylene), 516, 519, 521, 531, 534

poly(p-phenylene), 73, 74, 463

poly(p-phenylenebenzobisoxazole), 99, 99, 100, 465, 466,

531, 534

poly(p-phenylenebenzobisthiazole), 99, 99, 100, 262, 401,

416, 465, 466, 531, 534

poly(p-phenyleneterephthalamide), 56, 92, 92, 99, 100, 170,

229, 275, 335, 446, 448, 463, 466, 473

poly(p-phenyleneterephthalate), 78, 79, 80, 81, 229

poly(styrene-sulphonate), 358

poly(tetrafluoroethylene), 75, 76, 262, 342

poly(vinyl chloride), 62

poly(vinylacetate), 76

poly(vinylbromide), 76

poly(vinylidene fluoride, 541

polyacene, 464

polyampholyte, 54, 359

polyaniline, 531, 534

polyaramids, 99

polybenzazoles, 99, 100

polybutadiene, 62

polydiacetylene, 466

polydispersity, polydispersivity, 43, 276

polyelectrolyte, 54, 58, 211, 358–60, 373

polyethylene, 69, 72, 81, 90, 461

polyfluorenes, 8, 516–21, 522, 523, 531, 535

polyglucan, 373, 376

polygonal texture, 349

polyisoprene, 76

polymer backbone

poly(methacrylate), 102, 104, 200, 249

poly(methylsiloxane), 104

polyacrylate, 102, 200, 249

polysiloxane, 102, 109, 260

tacticity, 105

polymer dispersed liquid crystals, 510

polymer solutions, 60
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General index 585

polymer synthesis, 54–7

main-chain, 54

side-chain, 56

polymer-stabilized ferroelectric devices, 509–10

polymerisation

chain-growth, 56

degree of, 43

photo-induced, 510, 511, 515, 534, 542

radical initiated, 56

polypeptide, 112, 191, 249, 369

polypropylene, 441, 462

polysaccharide, 57–8, 357, 373–4

polysiloxane, 91

polystyrene, 62

polytetrafluoroethylene, 72

polythiophene, 531, 534

powder diffraction, 18

PPE, 520, 520

PPP, see poly(p-phenylene)

PPT, see poly(p-phenyleneterephthalate)

PPTA, see poly(p-phenyleneterephthalamide)

PPV, see poly(p-phenylene vinylene)

precholesteric phase, 364, 367

precursor polymer, 101

pretransitional effects, 165, 209–12

Cotton–Mouton effect, 209–10

Kerr effect, 210–12

stress-induced birefringence, 216

principal axes of tensor, see tensor, principal axes

principal refractive index, see refractive index,

principal

processing

die swell, 459–60

extrusion, 458–60

plug flow, 458

fibre spinning, 457–8

coagulation bath, 457

draw down, 457

dry jet wet spinning, 457

from lyotropic solution, 457

from thermotropic melt, 457–8

spinneret, 457, 458

wet spinning, 457

injection moulding, 460

jetting, 460

LCP blends, 484

moulding, 458–60

skin–core morphology, 458–9, 480–3

weld lines, 460, 493

protein folding, 364, 368

proteins, 58–9, 357, 358, 366–73

designer, 368

filamentous, 59, 366

globular, 59, 366

pseudo affine deformation, in shear flow, 390

pseudo Bragg reflections, 252

pseudo-hexagonal phase, 283

pseudomorph, see helicoid

PSS, see poly(styrene-sulphonate)

PTFE, see poly(tetrafluoroethylene)

PVDF, see poly(vinylidene fluoride)

pyroelectric coefficients, 53

pyroelectricity, 52, 541

quadrupolar alignment, see orientation, quadrupolar

radius of gyration, 12

of polyelectrolytes, 359

of side-chain LPCs, 239

random chain, 12

random copolymer, 14, 77, 108

re-entrant isotropic phase, 192

reflective polariser, 511

refractive index

extraordinary, 47

ordinary, 47

principal, 47

relative permeability, 206

relative permittivity, 27–8

Reynolds number, 60, 388

rheology, 385–7, 440–56

banded texture, see banded texture

dynamic measurements, 444–5

dynamic probe, 448

entanglement density, 455

flow curves, 440, 442–3

LCP blends, 484

monodomain, 449

Newtonian behaviour, 441

Newtonian plateau, 441

optical textures, 448–50

oscillatory shear, 441, 444

relaxation of microstructure, 445

shear thinning, see shear thinning

side-chain LCPs, 454–6

spontaneous banding, see spontaneous banding

strain recoil, 448

strain relaxation, see strain relaxation

stress relaxation, 447

transient behaviour, 445–8

on ceasing shear, 447–8

on commencing shear, 445–7

worm texture, see worm texture

rheometer, cone and plate, 387

ribonucleic acid, 46, 123, 124, 363

rigid chain polymers, 463

rigid rods, 74

RNA, see ribonucleic acid
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586 General index

RodrunTM, 491

Ronca–Yoon theory, 181

rotational viscosity, 398, 401, 403

rotatory power of cholesteric phase, 255

rubber, 26

saddle–splay distortion, see distortion, saddle–splay

sanidic phase, 263

scaled particle theory, 147, 178

schizophyllan, 58, 177, 374, 374

Schlieren texture, 231, 292, 309, 310, 346, 351, 374

Schotten–Baumann reaction, 55

second harmonic generation, 537

second normal stress difference, 443

second virial coefficient, see virial coefficients

secondary structure, 112

selective reflectivity, 255

self-assembly, 8, 114, 117, 358

self-extension, 453

semi-rigid chain polymer, 4, 229, 465, 472

semiconducting LCPs, 516–23

sensors and actuators, 540–3

artificial muscle, see artificial muscle

light operated actuator, 542

strain guages, 541

temperature sensors, 541

sequence matching in random copolymers, 279,

284

shape stability, of mouldings and extrudates, 494

shear displacement rate, 397

shear flow, 385, 387–8

director rotation, 389–92

effect of texture

computer simulation, 404–8

microstructure evolution, 406

of LCPs, 408–17

role of texture, 402–8

shear modulus, 41, 218

shear plane, 388

shear strain, 38

shear stress, 37

shear thinning, 66, 387, 441, 442–3, 457, 484

shear viscosity, 440

shear-induced phase transition, 456

sickle-cell haemoglobin, 367–8

side-chain LCPs, 5–6, 60, 69

backbone conformation, 194–5, 196–8,

239–44

laterally attached mesogen, 197

layer hopping, 200

negative coupling, 239

nematic phase, 239–44

oblate shape, 241

oblate spheroid, 194, 197, 239

odd–even effect, 197

positive coupling, 239

prolate shape, 241

prolate spheroid, 194, 197, 239

rules governing shape, 241

small angle neutron scattering, 239

smectic phase, 199, 263–6

theory, 194–5

backbone polymer, see polymer backbone

cholesteric phase, 249

copolymer, 108

coupling between backbone and mesogen, 239–44

effect on shear-induced alignment, 454

measurement by NMR, 243–4

director tumbling, 456

effect of electric field, 422–3

ferroelectric, 274

flexible hinge, 193, 199

flexible tails, 237, 270

Frank elastic constants, 294, 298

in biology, 375–80

laterally attached mesogen, 108, 237

lyotropic, 115

McMillan theory, 200

mesophase stability, 101–11

nematic phase, 237–9

radius of gyration, 239

as function of temperature, 241

scaling laws, 264–6

re-entrant nematic phase, 198

response time in electric field, 423

rheology, 454–6

side-on mesogen, see side-chain LCP, laterally attached

mesogen

smectic phase

chiral, 274

stability criteria, 269–70

theory, 198–200

types of order, 258–63

spacers, see flexible spacers

theory of phase transition, 193–200

viscosity, 454

worm-like backbone, 193

side-on mesogen, see laterally attached mesogen

silk, 357, 369–73

anisotropic phase, 370

crystallization, 370–1

fibre properties, 371–3

spinning, 370–1

simple shear, 388, 400

single constant approximation, 294

singularity

line, see disclinations

point, see point singularities
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General index 587

SiverasTM, 491

skin–core morphology, see processing, skin–core

morphology

slug slime, 379

smectic phases, 3, 33–4, 255–74

backbone conformation, 263–6

chained smectic, 256, 403

chiral, 367

chiral smectic C, 33, 248, 274

cybotactic effects, 266–9

ferroelectric, 274

Frank elastic constants, 298

‘hairy rod’ molecule, 262

identification, 255–8

X-ray diffraction, see diffraction, from

smectic phase

in amylopectin, 378

in polymers, 255–74

in virus suspensions, 375

mesophase stability

main-chain, 269

side-chain, 269–70

optical textures, 270–3

palisade structure, 263

poorly ordered, 266–9

smectic A, 33, 258

smectic A1, 259

smectic Ad, 259

smectic B, 33, 258

smectic C, 33, 258

theories, 198–200

types of positional order, 258–63

soap, 11

soft elasticity, 421

solution thermodynamics, 60

specific stiffness, 39

specific strength, 39

specific volume, 34

sperm heads, 365

spherical harmonics, 49

spherulites, 275

spider silk, see silk

spindroin, 59

spinneret, 457, 458

of spider, 370, 371

splay distortion, see distortion, splay

splay–splay compensation, 296, 303–4, 325,

349

spontaneous banding, 311, 451, 452

spontaneous polarisation, 29, 53, 541

stability of mesophase, see mesophase stability

starch, 376, 377

step-growth polymerization, 54

stereoisomers, 62

steric interaction, 78

steric theories of phase transitions, 134–6

stiffness

axial

of crystals, 463

of molecules, 465–7

mechanical, 39

molecular, see molecular stiffness

of LCPs, see mechanical properties

tensor, 40

storage modulus, see modulus, storage

strain, 38

strain guages, 541

strain rate tensor, 389

strain recoil, 448

strain relaxation, 453

strength, 38

of LCPs, see mechanical properties

stress, 37

stress field, during flow, 396

stress relaxation, 447

stress tensor, 396

stress-optical effect, 540

striped instability, 301, 313, 430

striped texture, in liquid crystal elastomers, 420

structural LCPs, 460–83

applications, 486–96

filled, 488, 493

structures à noyaux, 231, 309

Sumika SuperTM, 491

summation convention, see tensor, summation

convention

sunrise, see director field, sunrise

supramolecular LCPs, 117–19

surface anchoring energy, 341

surface disclinations, see disclinations, at surfaces

surface induced orientation, see orientation, surface

induced

surface stabilisation, 29, 274, 508

surfactant, 11, 114, 358

susceptibility

magnetic, 28, 206, 425

molecular, 206

tensor, 206

swarms, see nematic swarms

syndiotactic molecule, 62

synthesis, 54–7

main-chain polymer, 54

side-chain polymer, 56

tacticity, 62, 105

Teflon, see poly(tetrafluoroethylene)

temperature sensors, 541

Ten Bosch theory, 179
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588 General index

tensor, 63–5

magnitude, 65

principal axes, 65

summation convention, 64, 319

trace, 65

terephthalic acid copolymer, 82

ternary phase diagram, 94

tex unit, 40

texture evolution, 403

texture field, 403

texture viscosity, 450

texture-based Ericksen number, 449

TGB phase, see twist grain boundary phase

theories of phase transitions

Flory lattice model, 148–61

generally, 133–4

Landau theory, 201–2

Landau–de Gennes theory, 202–20

Lebwohl–Lasher theory, 163–7

Maier–Saupe theory, 161–3

Onsager theory, 136–48

Ronca–Yoon theory, 181

semiflexible main-chain polymers, 168–92

side-chain LCPs, 193–200

steric theories, 134–6

Ten Bosch theory, 179

Warner–Wang

main-chain theory, 183–7

side-chain theory, 193–8

thermal degradation, 68, 74

thermal expansion, coefficient, 470, 481, 494

thermal motions, effect on molecular stiffness, 467–72

thermooptical recording, 523–5

thermotropic liquid crystal, 54, 66, 68, 69–91,

229–85

theories, 161–92, 193–220

ThermxTMLCP, 492

thin film transistors, 521

threads, 231, 304

TMV, see tobacco mosaic virus

tobacco mosaic virus, 4, 7, 111, 123, 124, 145, 168, 210, 336,

357, 374

torques, in fluid flow, 398–9

TPD-PF, 535

TPD-PPV, 535

trans acetylene, 530

trans conformation, 79

trans isomer, 525

transesterification, 66, 284, 475

transient mesophase, 285

transient rheological effects, see rheology, transient

behaviour

transition temperature

liquid crystal–isotropic, 68, 74–5

modification

elastomers, 109–11

main-chain systems, 75–91

side-chain systems, 101–8

transmission diffraction pattern, 18

true strain, 38

true stress, 38

tubulin, 367

tumbling, see director tumbling

tumbling parameter, 391, 393–5, 456

negative values, 456

turbulence pattern, 431

turn-around length, 173, 174

TwaronTM, 99, 466, 487

applications, 489

twist disclinations, see disclinations, twist

twist distortion, see distortion, twist

twist grain boundary phase, 66, 126

twist-escape, 333

twist–twist compensation, 303

twisted nematic display, 5, 244, 510

type I, II and III LCPs, see heat deflection temperature

upper transition temperature, 68

VectraTM, 5, 83, 236, 257, 403, 447, 484, 492

VectranTM, 466

applications, 489

velocity axis, 388

velocity gradient axis, 388

velocity gradient tensor, 391

VictrexTMSRP, 492

virial coefficients, 95, 136, 137, 138, 144

virial expansion, 136, 139, 144

imperfect gas, 136–8

rod-like particles, 138

virial theories of phase transitions

rigid rods, 136–48

worm-like chains, 175–9

viruses, 123–6, 374–5

viscoelasticity, 401, 409, 413, 440

storage modulus, see modulus, storage

complex modulus, see modulus, complex

loss modulus, see modulus, loss

viscosity, 66, 385–7, 397

effect of elasticity, 415

effect of texture, 415, 450

molecular weight dependence, 386, 520

of side-chain LCP, 454

reduction, in LCP blend, 484

viscosity tensor, 396

vorticity axis, 388

vorticity plane, 388

vorticity tensor, 397
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walls, 277, 322, 328, 340–5, 349, 408, 428

Warner–Wang theory

main-chain polymer, 183–7

side-chain polymer, 193–8

experimental verification, 196–8

wedge disclinations, see disclinations, wedge

weld lines, see processing, weld lines

failure, 5

wet spinning, 457

dry jet, 99, 457

Williams’ domains, 431

wind-up layers, 405

worm texture, 402, 448

worm-like chain, 13, 168

mean field theory, 179–83

virial theory, 175–9

X-ray diffraction, see diffraction

xanthan, 58, 178, 374

XydarTM, 5, 83, 492

yield stress, 38

Young’s modulus, 41, 218

ZeniteTM, 5, 492

zwitterion, 54, 359

ZylonTM, 466, 487

applications, 489
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