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v, distributions, 73, 74

as a structural probe, 202
multiple contact experiment, 105
multiple quantum effects, 84
multipole expansion, 63

Nafion membranes
perfluorosulphonate resins, 284
network systems, 269, 270
NMR crystallography, 3, 262
NOE(F), 45
in PE, 181
non-quaternary suppression, 106-8
non-radiative energy transfer
as a structural probe, 193
nuclear magnetisation, 16
energy states, 16
nuclear spin interactions, 51
Hamiltonians, 51
nylon-6, 298
chemical shifts, 300
nylon-66, 299
nylon-11, 299
nylon-12, 299

one-dimensional conducting polymers,
288-91
oriented polymers, 7, 23840
fibre symmetry, 58
moments of distributions, 245-9
PE, 251-7
PET, 262-5
PTFE, 258-61
PVF,, 2914
secondary probes of orientation, 267,
268
structural distribution functions, 240
Overhauser ratio, 47, 48

Pake doublet, 31, 167

in PC, 175
perfluorosulphonate resins, 284
phase cycling, 92
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phase transitions

apparent, 190
phonon-assisted spin diffusion, 201, 226
piezoelectric polymers, 239, 291-4
plasticisers, 179, 225, 233-7, 279
poling

corona discharge, 291

electric field, 291
polyacetylene, 289-91

chemical shifts, 300

doping, 289, 290, 291
polyacrylonitrile, 298
polybutadiene, 298

C.H; terminated, 2, 3

carboxy terminated, 2868

chemical shifts, 300

deuterated network, 268
poly(but-1-ene), 131, 298
polycarbonates, 174-9, 298

chemical shifts, 300

13C shift anisotropy, 177

H spectra, 176, 177

effect of additives on motion, 178

v, distribution, 178

plasticisation and antiplasticisation, 178,

179

phenylene ring motion, 174-8
polychloroprene, 299
polychlorotrifluoroethylene, 299

oriented, 203, 204
poly(diethyl siloxane)

chemical shifts, 301
poly(dimethylsiloxane), 267, 299

silica-filled systems, 270-2
polyethylene, 179-86, 207-11, 297

a-relaxation, 71, 183

chain diffusion between phases, 181,

183

chemical shifts, 300, 301

¥3C spectra, 129, 181, 207, 208

13C spectra for y-irradiated sample

y-irradiated, 1424

'H spectra, 37

H solid echo spectra, 183-6

morphology, 20811

oriented, 241, 247, 251-7

two-dimensional NMR, 257

poly(ethylene-1-butene) copolymer, 146

T,,(**C), 180

T,(**C), 180
poly(ethylene oxide), 297

chemical shifts, 300
polyethylene/polypropene blends

miscibility, 228

shish-kebab structure, 228
poly(ethylene—propene) block copolymers

13C spectra, 147-50

poly(ethylene terephthalate) and related
polymers
chemical shifts, 300
13C spectra, 146, 147, 156-65
deuterated PBT, 165
DMTA, 157
*H NMR, 157, 163-5
mechanical properties, 161
motional spectrum, 163
NOEF, 164
v, distribution, 164
oriented, 262-5
phenylene ring motion, 158, 164
spatial averaging, 158
structure and morphology, 5-8, 211-13,
296
poly(ethylene terephthalate)/bisphenol A
polycarbonate blends:
miscibility, 223
poly(ethyl acrylate), 297
poly(isobutene)
transition map, 14
polyisoprene, 298
oriented, 267, 268
poly(methyl acrylate), 297
poly(methyl methacrylate), 297
chemical shifts, 300
deuterated PMMA-2,2’-dinitrophenyl
system, 235-7
spin diffusion, 196
poly(methyl methacrylate—co-4-
vinylpyridine), 214, 215
poly(methyl methacrylate—vinyl chloride)
blends
miscibility, 196, 197
polyprivalolactone, 131
polymers, 1
structures, 297-9
polymer blends
compatibility, 1914
polymer—diluent systems, 233-7
plasticisers and antiplasticisers, 233, 234
in PS/PPO + diluent, 233, 234
poly(hydroxyethyl methacrylate), 279
polyoxymethylene, 297
chemical shifts, 300
oriented, 247
poly(N-vinyl-2-pyrrolidone/methyl
methacrylate)
23Na spectra of saline-hydrated system,
282
role of water, 280
polypropene: 297
13C spectra, 113, 114, 129
'H spectra, 37
structure, 130, 132
poly(propene oxide), 297
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polystyrene, 165-74, 297
deuterated PS, 167
dielectric relaxation, 174
effect of O, on relaxation, 174
v, distributions, 172
T,(*3C), 165; phenyl ring motion, 166,
168; spin alignment, 169-71
T,,(**C), 165
7,173, 174
two-dimensional spectra, 171-3
poly(styrene oxide), 298
poly(styrene—sulphonic acid), 214

polystyrene—poly(vinyl methyl ether) blends

miscibility, 218-22
selective deuteration, 219
polystyrylpyridine, 13942
13C spectra, 142
polysulphone, 298
13C spectra, 125
poly(phenylene sulphide), 298
polytetrafluoroethylene, 299
chemical shifts, 301
cross relaxation, 47
oriented, 241, 258-61
polyurethane
*H spectra, 232
structure, 231-3
poly(vinyl acetate), 298
poly(vinyl alcohol), 135, 136, 298
13C spectra, 139
poly(vinyl chloride), 298
effect of plasticiser, 234, 235
poly(vinyl chloride)/poly(e-caprolactone)
blends
miscibility, 223-5
poly(vinyl chloride)/poly(methyl
methacrylate) blends
miscibility, 216-18
poly(vinyl fluoride), 299
poly(vinylidene chloride), 298
polyvinylidene fluoride, 299
a-relaxation, 123, 187, 188
chemical shifts, 301
'H-F cross relaxation, 47, 201, 202
piezoelectric response, 239, 2914
poled polymer, 2914
two-dimensional exchange NMR, 187,
188
poly(vinylidene fluoride)/
poly(methylmethacrylate) blends
YH-'°F cross relaxation, 201, 226, 227
miscibility, 226

poly(vinylidene fluoride/trifluoroethylene)

copolymers, 228
Curie transition, 295
ferroelectric response, 295-6
piezoelectric response, 291

poly(vinyl pyrrolidone), 299
populations of levels
Boltzmann populations, 17, 23
rotating frame, 28
power spectrum, 41
precession
nuclear Larmor, 18,
probe design, 86-90
Q-factor, 87
pulses
90°, 180° pulses, 22
sequences, 38, 100, 101

Q-factor, 87
quadrupole echo sequence, 94
quadrupole interactions, 55
coupling constant, 35, 56
in oriented polymers, 249
splitting, 56
quadrupole resonance spectroscopy, 35
quantitative analysis of spectra, 115
MAS and spinning sidebands, 115-7

radiofrequency field, B,(z), 19, 84, 85
Raman scattering
as a structural probe, 192
recovery time, 85, 87, 90, 92
recycle time, 90
relaxation, 22, 23
dipolar-lattice and spin alignment, 99
electric quadrupolar, T\, Ty, 48
in solids, 69
NOE(), 45
Slichter—Ailion conditions, 71
T, for like spins, 39-44
T, TP, Ty, for unlike spins, 44-48
T,(**C), 45
Tip for like spins, 42, 43
T,,41-3
to paramagnetic centres, 78, 79
reorientational angular distribution
functions (RADs)
for PS, 172, 173
for PVF,, 187
reptation, 10, 11, 186
resins, 13742
resolution
instrumental factors, 111-12
in presence of quadrupolar nuclei, 114
sample related factors, 112-15
resonant nuclei, 17
resonance condition, 18, 21
rotating frame of reference, 21
rotation
about an axis, 66, 67
effect on chemical shifts, 67
rotation of tensors, 53, 239, 307

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521031729
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-03172-1 - Nuclear Magnetic Resonance in Solid Polymers

Vincent J. McBrierty and Kenneth J. Packer

Index

More information

Subject index

rotation matrices, 302

rotational spin echoes, 3, 65, 66, 152
in PS, 166

rotating frame relaxation, 42, 43, 97
off-resonance, 98
Tlp(”C), 46

sample-spinning devices, 88-90
Saupe order parameter, 241
small angle X-ray scattering SAXS, 192,
229
separated local field spectroscopy, 3, 152
in oriented PE, 151
shish-kebab structure
in PE/PP blends, 228
29Si NMR, 145
sideband analysis, 66, 314, 315
sideband supression, 66, 117
single resonance experiments, 100, 101
single pulse spectra, 90
Slichter—Ailion conditions, 49, 71
small angle neutron scattering (SANS)
as a structural probe, 192
small angle X-ray scattering (SAXS)
as a structural probe, 192, 193
sodium NMR spectra, 282, 283
sol fraction
in irradiated PE, 142
solids
NMR definition, 125, 184
solid echo sequence, 94, 100
soliton model of conductivity, 289, 290
spectra
chemical shift, 34
crystallographic effects, 131-3
deuterium, 68, 156, 168
high resolution, 24
motional averaging, 36, 63-9.
single coherence and symmetrised, 68
two-line, 25
spectrometer characteristics, 83-6
spherical harmonics, 304
spin couplings
chemical shift, 33
dipolar, 28, 29, 30-32
effects of motion, 36-38
heteronuclear dipolar, 38
quadrupolar, 29, 35
scalar, 2, 4
spin diffusion, 5, 32, 73-81, 109, 179
as a structural probe, 193, 195-202
diffusion limited, 77, 230
dilute spin systems, 76, 201
geometric considerations, 78, 79
in PET, 147, 212, 213
in PS/PVME blends, 221, 222
in two-dimensional NMR, 122

off-resonance, 76
phonon and photon assisted, 75, 201
suppression of spin diffusion, 199, 200
structural investigation of PE, 209-11
to paramagnetic centres, 78, 79, 174
to end-groups in PS, 174
to methyl groups, 197-9
spin-alignment echo, 169-71
spin echo experiments, 38, 93, 155
spin-lattice relaxation: 38, 49, 154
and motion, 38, 154
dipolar, 41-43
dipolar-lattice and spin alignment, 99
inversion recovery, 95, 96, 100
off-resonance, 97, 98
rotating frame, 29, 97, 100
saturation recovery, 96, 97, 100
spin locking, 27, 97, 98
T, for like spins, 41-3
T,(**C), 45, 109
Ty, for like spins, 42, 43
TY, T3, T, for unlike spins, 44
spin locking, see spin—lattice relaxation
spin operator, 16
spin—spin relaxation, 42, 49
spin temperature, 26
spinodal decomposition in PS/PVME,
219
structure, 2, 5-8, 124, 133
crystallographic effects on **C spectra,
131
experimental probes of heterogeneity,
191-5
dimensional scales, 194
discrimination and site specificity, 150,
208
heterogeneity, 145-50, 191
models, 5-8
statistical distributions of structural
units, 308, 23944
symmetry, 240-3
structural probes, 191-5
spin diffusion, 195202

styrene-butadiene-styrene triblock polymer

molecular motion, 203
structure, 229-31
symmetry
crystallographic, 240-3
structural, 240-3

tacticity, 1, 135

in PVA, 135-7
telechelics, 286-8
tensors

rotation of, 53, 307
three-dimensional NMR, 122, 123
3-j symbols, 305, 306
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transitions structure in PET, 212, 213
magnetic dipole, 21 two-dimensional exchange in PVF,, 187,
transverse magnetisation, see T, 188
transition, maps, 11-15
for PIB, 14 urea—formaldehyde resins, 138, 139
for P(VF,/TrFE), 296 13C spectra, 140
two-dimensional NMR, 118-22
miscibility in PS/PVME blends, 221 water in polymers, 277-84
oriented polymers, 251 anomalous behaviour, 278-82
oriented PET, 262-5 water sites and states, 280-3
PET, 213 Williams—Watts function, 176, 189
probe of chain diffusion in PE, 180-3 WLF expression, 15, 295
role of mixing time, 120-1
sideband intensities, 66, 314, 315 Zeeman interaction, 16, 30

spectra for PS, 173
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