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254-255,258-259
computer simulation 33-6
see also individual methods e.g.
Monte Carlo method
condensation polymerization 41
continuum theory 253-4
contrast matching 23-4, 23
Coulter counter 118, 121
critical aggregation concentration
(CAC) 303
critical coagulation concentration
(c.c.c.) 128-9
critical micelle concentration see
micelles and micellization, critical
micelle concentration (CMC)
crystalline polymers 85-93, 99
crystal growth 89-90
nucleation 89
temperature dependence 90
crystallization kinetics 91-2
degree of crystallinity 89
experimental techniques 88-9
growth theories
kinetic nucleation theory 92-3, 93
Lauritzen—Hoffman theory 92-3,
93
hierarchical structure 86-8, 87
chain folding 86, 87
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lamellae 86-7
spherulites 88
superstructures 87-8
melting process 90-1, 91
equilibrium melting point 90-1
melting temperature 90
Thompson—Gibbs equation 90, 92
morphology 85-6
preparation 85
cubic phases 9, 137, 162, 201,
207-208, 230

dacron 98

dairy products 149-50, 153

dendrimers 102, 104

deoxyribonucleic acid see DNA

Derjaguin-Landau-Verwey-Oberbeek
theory see DLVO theory
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detergents 194-8
characteristics 195
dirt redeposition prevention 195-7
dirt removal action 195-6, 196, 197
ingredients 195
microemulsion action 198
soap 195
dielectric spectroscopy 31, 85
frequency determination 31
differential interference contrast (DIC)
microscopy 20
differential scanning calorimetry (DSC)
32, 89, 245-246
diffusion coefficient 10, 11
dipoles 5-6, 7
in liquid crystals 236
dissipative particle dynamics (DPD)
method 36
DLVO theory 126-8
and potential energy 126-7, 127
and protein crystallization 297-298
repulsive potential 127-8
and stability determination 128
DNA 66, 103
condensation 286-89
defined 286
DNA aggregates 289
gene therapy 287-288
block copolymers 288
non-viral 287
phase separation 289
counterion condensation 289-291
charge fraction calculation 290,
291
Manning model 289-291
Poisson—Boltzmann model 291
Manning condensation see DNA,
counterion condensation
structure 284-286
constituent bases 284
double helix 285, 285
liquid crystal formation 286
double-layer see electric-double layer
dynamic light scattering (DLS) 21, 59,
121

elastomers 93—4
electric double-layer 115-17, 125, 126
Debye screening length 117, 126
diffuse model 116, 116
Stern model 116, 116
surface potential calculation 116-17
electron microscopy 20, 89
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electronic polymers 105-6
emulsifiers 151-2
emulsions 142-8
defined 142
destabilization 145
microemulsions 142, 146-8, 147,
198, 205
occurrence 142
stability 143-4, 144
and free energy 145-6
influential factors 144
and interfacial tension 145, 146
and surfactants 143-4
thermodynamics 145-6
types 142-3
endocytosis 279, 288
enthalpy changes 32, 68, 70-1
and degree of crystallinity 89
and phase transitions 32, 247-8
entropy changes 16, 68, 69-70
excluded volume 4, 5, 63
exocytosis 281
experimental techniques 19-33
see also individual techniques e.g.
infrared spectroscopy

fatty acids 151, 163, 164, 167, 173,
175-177, 200
ferroelectric liquid crystal displays 230,
264-267

fibres 98-9
drawing 99
natural 98
silk 294-7
spider silk 62, 295
spinning 98-9

fibrillization 298-304, 302
amyloids 300
block copolymers 300
chiral self-assembly 299, 299
mechanisms 300
misfolding 300
nanostructure formation 300
one-dimensional model 301-4
self-assembly 299

Fick’s laws 11

Flory—Huggins theory 13, 68-72
assumptions 71
enthalpy change 68, 70-1
entropy changes 68, 69-70
Gibbs free energy 68, 71, 72-5
interaction parameter 71
lattice model 69, 69, 70
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polymer blends 68-9, 72, 100
polymer phase behaviour 72
polymer-solvent mixtures 68-72, 100
flow 25-6
foams 140-2, 152-3
beer 152-3
defined 140
Gibbs—Marangoni effect 141-2
stability 140-1, 153
structure 140-1, 140
surface tension 141-2
thinning 140, 141-2
foods see colloids, foods
fractionation methods 19
Frank elastic constants 243, 254, 260
free energy
of emulsions 145-6
Gibbs see Gibbs free energy
Landau theory 13-14, 15, 16
Fréedericksz (Frederiks) transitions 259,
259,260
frustrated phases 231

Gaussian chains 46
gelatin 134, 155, 295
gelation 67-8, 297
gel point 68
gels 136-7
defined 136
formation 136-7
properties 137
syneresis 137
gene therapy 287-88
Gibbs adsorption equation 183-7
Gibbs free energy
and Flory—Huggins theory 68, 71,
72-5
and micellization 189-92
glass transition 78, 82-5, 83
enthalpy change 83
and free volume 834
glass transition temperature 78, 82-3,
83
influencing factors 85
measurement
calorimetric methods 83—4
rheology methods 84
and molecular mobility 85
globular proteins 295
glycoproteins 304-7

haemoglobin 294
Hamaker constant 114, 115, 139
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hard sphere model 4-5 density 14

hexagonal structures 9, 88, 206, 207,
215,216

hydrogen bonding 6-7, 138, 155, 162,
277-278, 286,292,295, 300

hydrophile—lipophile balance (HLB)
scale 143

hydrophobic effect 7

hyperbranched polymers 102

ice-cream 153-5, 154
constituents 153—4
production 154
stabilizers 154-5
infection 282
see also viruses
infrared spectroscopy 30, 56
and molecular microstructure 56
and polymer branching 56
interfacial tension
emulsions 145, 146
surfactants 171-3
intermolecular interactions 3—7
attractive interactions 3, 5—6
Coulombic potential energy 3, 6
dipole moments 5-6
excluded volume 4, 5
hard sphere model 4-5
hydrogen bonding 6-7
Lennard—]Jones potential 5, 6
and potential energy 3, 4, 4
repulsive interactions 3, 4
van der Waals forces 5, 6
isotropic—lamellar (smectic) phase
transitions 17-18
isotropic—nematic phase transitions
17

jelly 67

kaolinite 138, 138

keratin 292, 295

Kevlar 99

Krafft point/temperature 187-8, 188,
209

lamellae see membranes
lamellar phases 8-9, 102, 162, 207,
208, 211-214, 282
Landau—de Gennes model 256
Landau theory 13-14, 15, 16
free energy 16
curves 14, 15

minima 14, 15
Langmuir adsorption equation 179-80
Langmuir-Blodgett technique 176-7
latex dispersions 155-7
model hard sphere systems 155-6
phase behaviour 156-7
structure 157
Lattice Boltzmann method 36
lecithin 151
light scattering 20-1, 57-9
lipid membranes 21215, 276-84
cell membranes 21215, 214,
276-78,277
constituents 276-7
function 212, 215, 276, 278
proteins 212, 214-15, 277-8
structure 212, 276
lipid rafts 278-9
constituents 278
protein interaction 278-9
membrane fusion 279-282
and actin 282
cell-cell 282
intracellular 282
and SNARE proteins 280, 281
stalk hypothesis 281
vesicular transport 280, 280
viral 282
membrane instabilities 2824
myelin formation 282-4, 283, 284
lipids 153, 161, 167-8, 167, 200,
212-215
see also lipid membranes
liposomes 212-15
liquid crystal displays (LCDs) 259-269
liquid crystals 221-69
applications 259-269
classification 222
defined 221
mesogens 221
mesophase 221
phases 204-211, 238-246, 255-259
polymers 99
see also lyotropic liquid crystals;
thermotropic liquid crystals
lyotropic liquid crystals 2, 9, 205-11,
222
aggregate structures 205-7, 206
amphiphiles 162, 204
defined 2035, 222
of DNA 285
interfacial curvature 206
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lyotropic liquid crystals (Cont.)

inverse structure 208, 209
micellar structure 205-7
normal structures 205, 207
phase diagrams 205-11
phase identification 211
phase rule 204-5
phase sequence 206-8, 208
and concentration 208-9
templating 162-3

McMillan theory 251-2, 252, 256,

258-9

macromolecular assemblies 307-310
Maier—Saupe theory 13, 249-253, 259
Manning model 289-291

margarine 143, 151, 152

mayonnaise 143, 151, 152

mean field theory 12, 13, 13, 16-17

Maier—Saupe model 13

membranes

detergent-insoluble/detergent-
resistant
278-9

elastic properties 212

fusion see lipid membranes,
membrane fusion

layer phase formation 211-12

lipids 213, 276-84

see also lipid membranes, cell
membranes

mesoscopic methods 36
mica 139
micelles and micellization 9, 180-94

association number 191, 1924
and chain length 1934
and cosolute 194
and salt 194
and temperature 192
casein 149-50, 149
critical micelle concentration (CMC)
162, 180-3, 181, 186, 187,
303-4
and chemical potential 187
and cosolute 194
and hydrophobe chain length
193-4
and salt 194
and surfactant type 192-3
and temperature 192
critical micelle temperature (CMT)
182
defined 162
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and entropy 191
Gibbs free energy change 189-91
Krafft point 187-8, 188
and alkyl chain length 188
micelle morphology 180, 181
models 189-92
closed association model 189-91
mass action model 189-91
open association model 189
phase separation model 191-2
mole fractions 189, 190
one-dimensional self-assembly model
3024
and solubilization 198-200
fat digestion 198-200, 199
and surface tension 182-3
microemulsions 142, 146-8
applications 148
bicontinuous 146, 147-8, 147
cosurfactant 146
in detergent action 198
dispersed (droplet) 146, 147, 147
phase inversion temperature (PIT)
148
stability 147
Winsor classification 148
microscopy 19-20
see also types of microscopy e.g.
electron microscopy
microtubules 307-308, 308
motility systems 307-308
Mie scattering 20-1
Miesowicz coefficients 238
milk 143, 149-50
casein micelles 149-50
constituents 149, 150
molecular aggregates see aggregates
molecular dynamics method 35
molecular mean field theory see mean
field theory
monolayers 173-7
experimental techniques 173-4, 174
Langmuir—Blodgett (LB) films
176-7,178
multilayer stacks 176-7, 178
phase investigations 174-6
condensed phases 175-6, 176, 177
surface pressure—area isotherm 1735,
175
Monte Carlo method 33-5, 259
Metropolis sampling 33-4
periodic boundary conditions 34-3,
34
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montmorillonite 139
muscles 291, 307-309
myelin 282-4, 283, 284

nanostructures 300, 307
nanotechnology 307
nematic phase 8, 17, 99, 223-5, 225
neutron reflectivity 33
neutron scattering 21, 59, 244-$
nuclear magnetic resonance (NMR)
29-30, 57

deuterium labelling methods 29

and liquid crystals 245

spin relaxation measurements 29-30
nucleation

crystalline polymer growth 89, 92-3,

93

phase separation 75, 75

sol particle formation 135-6
nucleic acids see DNA
nylons 98, 99

Onsager theory 4, 252-3
optical microscopy 89, 118
opto-electronic polymers 105-6
order parameters 12, 17-18, 2434,
246-253
defined 17
vectors and tensors 18
ordering
examples 8
mesoscopic 7-8
and molecular aggregates 6, 9
periodicity 7
Ostwald ripening 74, 141, 143, 144

particle counting methods 118
peptides 291, 293
block copolymer formation 300, 301
fibrillization 298-301
linkages 292
nanostructure formation 300
one-dimensional self-assembly model
301-304
structure 293
peptization 139
perspex 82, 155
perturbed/unperturbed dimensions 48,
62-3
phase diagrams 205-11
nonionic surfactants 209-11
phase rule 204-5
phase separation 19
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in polymer blends 68-9, 72, 100
phase transitions 11-18
and enthalpy change 32, 245-6
entropy changes 16
equilibrium states 15
first order 11-12, 12
fluctuations 17
Landau theory 13-14, 15, 16
in liquid crystals 238-246, 255-259
mean field theory 12, 13, 13
second order 12, 12, 14-16
phospholipids 167
photon correlation spectroscopy (PCS)
21,59, 121
Pickering stabilization 152
plasticizers 85
plastics 1, 93-4
thermoplastics 93
poly(12-hydroxystearic acid) 155-6
polyacrylamide 134
polyacrylics 50, 98
polyamides 98
polydimethylsiloxane 26, 60
polydispersity 18-19
applications 19
polydispersity index 51, 55
polyelectrolytes 50-1, 103-5
applications 104-5
charge strength 103-4
conformation 104
polyesters 98
poly(ethylene) 50, 88, 93
poly(ethylene glycol) (PEG) 134, 287-8
poly(ethylene imine) (PEI) 287
poly(ethylene oxide)76
poly(ethylene terephthalate) (PET) 93,
98
polyisoprenes 56, 56
polymer light-emitting diodes (PLEDs)
105-6, 106
polymer solutions 62-76
coil-globule transition 65-7
and chain rigidity 67
coil size measurement 64-5
small-angle scattering 64-5
viscosity measurements 65
and concentration 63-4
overlap concentration 64, 64
critical solution temperatures 72—6
excluded volume 63
Flory-Huggins theory 68-72
gelation 67-8
mixing behaviour 68-72
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polymer solutions (Cont.)
phase behaviour 72-6, 73
polymer solutions (Cont.)
lower critical solution temperature
(LCST) 75, 76, 76
nucleation and growth 75, 75
spinodal 74, 75
upper critical solution temperature
(UCST) 75-6, 76
solvent quality 62-3
thermodynamics 68-72
theta solvents 62-3
polymers 39-110
amorphous see amorphous polymers
behaviour 40
blends 100-2
block copolymers 100-2
chain conformation 44-51
and bond rotation 44, 45
chain architecture 49-51
chain branching 50
charged species 50-1
isomerism 44-5
molecular size 45-8
rotational isomeric state (RIS)
model 44
stereochemistry 48-9, 49
tacticity 48-9
characterization 51-62
infrared spectroscopy 56
light scattering 57-9
neutron scattering 59
nuclear magnetic resonance 57
rheology 60-2
stress—strain experiments 60-2,
62
x-ray scattering 59
conjugated 105-6, 105
crystalline see crystalline polymers
dendrimers 102, 104
electronic/opto-electronic 105-6
fibres 98-9
historical aspects 1, 39
hyperbranched 102
liquid crystals 99
microstructure 55
experimental investigation 55-7
molar mass 51-2, 79-80
average defined 51
distribution 535, 55
measurement 51-5
gel permeation chromatography
54-5
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membrane osmometry 51-3, 52,
53
size exclusion chromatography
(SEC) 54-5
vapour pressure osmometry 53—4
viscometry 54
molecular size 45-8
average measures 45-6
and bond angle rotation 47-8
contour length 45-6
freely jointed chain model 46-7
Gaussian chains 46
perturbed/unperturbed dimensions
48, 62-3
valence angle model 47
plastics 93-4
polyelectrolytes 103-5
repeat units 42
rubber 67, 94-8, 94
semiconducting 105-6
spinning 62
structure 40
synthesis 41-4
poly(methyl methacrylate) (PMMA) 82,
155
poly(oxyethylene) 209
poly(oxyethylene) alkyl ethers 210,
210
poly(p-phenylene terephthalamide) 99
polypeptides 103, 292
misfolding 300
poly(propylene) 93
polysaccharides 304-7, 305
occurrence 304-5
poly(styrene) 155
poly(vinyl chloride) (PVC) 85
proteins 150-1, 291-304
and cell membranes 212-15, 277-8
crystallization 297-8
DLVO theory 297-8
equilibrium clusters 298
gelation 297
procedure 297
virial coeficient 297, 298
denaturing 66-7, 296
fibrillization 298-304
folding 296-7, 296
hydrophobic effect 297
interact with lipid rafts 278-9
peripheral 215, 278
SNARE 280
structure 291-5
hierarchical 292
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peptide linkages 291-2
primary 292
secondary 292, 293
tertiary 294
proteoglycans 306, 307
pyrophillite 138, 139

quasi-elastic light scattering (QELS) 21,
59,121

Raman spectroscopy 30-1, 243
random walk 4-5, 10, 46, 46
Rayleigh scattering 20
rheology 25-8, 31, 60-2
of colloids 118
deformation rates 26-7
extensional rheometry 60-1
glass transition measurement 84
rheometers 28
shear rheometry 60
ribonucleic acid (RNA) 286
rubber 67, 94-8, 94
deformation 95-6, 97
elastic modulus 96
elasticity 94-5
elongation 96-7, 97
entropy changes 95-6
stress v. extension (strain) 97-8, 97
vulcanization 94

scaling laws 6, 18
scanning electro microscopy (SEM) 20,
118
scattering methods 20-5, 57-9, 118
intensity distribution 24
particle information 24
see also individual methods e.g.
dynamic light scattering
sedimentation methods 118, 120
centrifugation 120
self-avoiding walk 5
shear 25-6, 25
silicone 26, 60
silk 292-5
small-angle light scattering (SALS) 20,
57, 64
in colloids 118, 121, 157
small-angle neutron scattering (SANS)
23-4,23, 59, 64
in colloids 118, 121, 157
small-angle x-ray scattering (SAXS) 21,
22-3,59, 64
in colloids 118, 121

polymer structure 88-9
smectic A (lamellar)—isotropic
transition 14
smectic C—smectic A transition 14
smectic phases 8-9, 17-18, 225-230
SNARE proteins 280, 281
soap 195
sodium dodecyl sulphate (SDS)/water
system 209, 210
soft materials
applications 2
defined 3
as interdisciplinary subject 1-2
structural organization 7-9, 8
defects 7
periodicity 7
phases 8-9
supermolecular aggregates 9
symmetry groups 8
sols 113
defined 135
monodisperse latex sols 136
particle shape 118, 119
particle size 118-21
preparation 135-6
condensation methods 135
controlled hydrolysis 136
dispersion methods 135
emulsion polymerization 136
nucleation 135-6
solubilization 198-200
spectroscopic methods 29-32
sphingolipids 168, 278
spider silk 62,295
sponge phase 212
stabilizers 152
starch 305, 306
step (step-growth) polymerization 41
Stokes-Einstein equation 10-11, 21
supermolecular aggregates see
aggregates
surface forces experiments 32-3, 139
surface structure probes 32-3
surface tension 168-71, 168, 169
and CMC 182-3, 185-7

and concentration 182-3, 183, 185-7

saturation 186-7
defined 168-9
and foams 141-2
Gibbs adsorption equation 183-7
measurement 169-71, 170
dynamic surface tension 171
and micelles 182-3
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surface tension (Cont.)
and surfactants 168-71, 168, 169,
182-3
surfactants 161-219
adsorption 177-80
contact angle 177, 178, 179
Langmuir adsorption equation
179-80
Young equation 179
detergency 194-8
dual nature 161
and emulsions 143—4
in foods 151
and hydrophobic effect 162
‘ideal gas’ behaviour 186
interfacial curvature 200-4
elastic moduli 202
Gaussian curvature 200-201, 201,
202
mean curvature 200-201, 201
spontaneous curvature 201-2
interfacial tension 171-3
defined 171
measurement 172
spreading coefficient 172-3
work of adhesion 171, 172-3,
172
work of cohesion 171-2, 172, 173
ionic 161, 163-6
amphoteric 166
anionic 163-5, 165
cationic 163, 165-6, 165
zwitterionic 166
liquid crystal phases 204-11
lyotropic liquid crystals 162-3, 205
membranes 211-15
micelles and micellization 162,
180-94
solubilization 198-200
molecular packing 202-4
aggregate formation 203-4, 204
packing parameter model 202-204
monolayers 173-7
nomenclature 164
nonionic 161, 166-7
phase diagrams 205-11
surface tension 168-71, 168, 169,
170
and CMC 182-3
thermodynamics 184-6
templated structures 215-17
thermodynamic properties 162
vesicles 213-15

symmetry breaking transitions
17
symmetry groups 8

templated structures 215-17
formation 215
hexagonal 215, 216
layered 215
mesoporous materials 215
of vesicles 215-16
tensors 18, 236-7, 248-50
terylene 98
thermodynamics 11-12, 68-72
thermosets 93
thermotropic liquid crystals 2, 9, 2085,
224-71
applications 259-69
ferroelectric liquid crystal displays
264-7
advantages 266
orientation states 265, 266
problems 265-7
nematic liquid crystal displays
(LCDs) 259-60
Frédericksz transition 259, 259,
260
switching times 260
threshold electric field 260
polymer dispersed liquid crystal
(PDLC) displays 267-8, 268
preparation 267-8
principle 267
spatial light modulators 268-9
supertwisted nematic (STN) LCDs
263-4
thermochromic liquid crystals 269
thin-film transistors (TFT) LCDs
263-4, 264
twisted nematic (TN) LCDs
260-3
construction considerations
262
sharpness 262
display elements 261, 261
principle 261
reverse contrast 262
characteristics 233-8
anisotropic properties 236—8
electric field alignment 236-7
flow behaviour 237-8
magnetic field alignment 236-7
mechanical alignment 237
optical anisotropy 237
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defined 222-223
degree of order 233-6
long-range order 234
positional ordering 234
radial distribution function
234-5
translational order 234
director 223, 242-3, 243
elastic properties 253-5
continuum theory modelling 253-4
elastic constants 253-4, 254
lattice displacement 254
molecular structure 222-3
orientational order 246-53
Euler angles 246, 247
McMillan theory 249-51, 250
Maier—Saupe theory 249-53
odd-even variation 250, 251
Onsager theory 252-3
orientation distribution function 247,
248,249
orientational order parameter 249-51
cylindrically symmetric
molecules 248-50
from Maier—Saupe potential
251-2
non-cylindrically symmetric
molecules 250-1
and temperature 252
and phase transition 251-3
Saupe matrix 249
tensors 248-50
theories 249-53
phase identification
differential scanning calorimetry
247-8
light scattering 243
neutron scattering 243-5
nuclear magnetic resonance (NMR)
245
textures 238—42
defects 238-9
disclinations 238-40
Dupin cyclide 241, 242
fan texture 242
filaments (flexible) 240
Schlieren texture 239, 242
x-ray diffraction 243-5, 244
phase transitions
in columnar phases 258-9
frustrated smectics 258
NAC point 257-8, 257
universal behaviour 257-8, 257
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nematic-smectic A transition 255-6
‘cybotactic clusters’ 255, 255
free energy density 256
Landau-de Gennes theory 256
pretransitional fluctuations 255
and orientational order 251-2
smectic A—smectic B transition 258
smectic A—smectic C transition 256
phases
blue phases 231
columnar phases 9, 231-3, 254-255,
258-259
cubic D phase 230
discotic molecules 231-2, 232, 233
frustrated phase 231
nematic phase 223-5, 224, 225,
255-6
chiral 223-4, 241
molecular orientation 223
smectic phases 225-30, 227, 255-6
chirality 232, 230
elasticity 253-5
ferroelectric liquid crystal
displays 230
frustrated smectics 228, 228
molecular alignment 226
ordering 229
smectic A phase 226-9, 241-2
smectic B phase 229, 242
smectic C phase 228-30, 242
smectic F phase 229
smectic I phase 229
soft crystal phases 229-30
transitions 227-8
types 227
Thompson—Gibbs equation 90, 92
time—temperature superposition
principle 78, 78
transmission electron microscopy
(TEM) 20, 89, 118
Twaron 99

upper critical solution temperature
(UCST) 75-6, 143

van der Waals forces 3, 6
calculation 114-15
in colloids 112, 114-15

vesicles 213-15
budding and fusion 279-280, 282
membrane trafficking 279-80, 280
preparation 214-15
and templating 216-17
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viruses 276, 279, 282, 287, 309, 310
viscoelasticity 26-8, 40, 60, 61

amorphous polymers 77-9, 77
viscosity 25

water purification 134
wide-angle x-ray scattering (WAXS) 21,
22,59
polymer structure investigation 88,
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WLF equation 78, 79

x-ray reflectivity 33
x-ray scattering 21-3, 59
see also small-angle x-ray scattering
(SAXS); wide-angle x-ray
scattering (WAXS)

Zimm plot 58-9, 58



