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Index of spectra illustrated

copolymer of

ethylene and propylene

IR fig 6.2 232; various compositions, CH, rocking region, 660-900 cm ™!
ethylene and vinyl acetate
IR fig 6.1 230; v(C=O0) region, 1690-1770cm ™ !, resolved into triads

normal paraffin C,,H,,

IR fig 5.2 170; 700-1500cm !, sample at —196 °C
Novolak resin IM184

IR fig 5.17 212; cast film, 400-3800cm !
Nylon 6,6

IR fig 5.18 213; cast film, 400-3700cm ~*
polybutadiene

IR fig 1.8 14; 1,2-polybutadiene, 650-3500 cm ™!

R fig 5.19¢c 220; 1600-1700 cm™*
polyethylene

IR and R fig 5.1 164; 400-4000cm ™1

IR fig 5.13a 207; h.p. type, 400-4000cm ™!, compared with PIB and PP

IR fig 6.8 248; branched PE, methyl absorption region, 1200-1700cm ~!

IR fig 6.10 253; Phillips, 1.d. and Ziegler—Natta polymers, 800-1100 cm !

R fig 6.15 268; 7,(CH,) doublet, 1290-1300cm ~*, effect of temperature

IR fig 6.20 285; 6(CD,) region of mixed PED/PEH crystal, 1067-1104cm !

R fig 6.22 289; LAM region, 8-30cm ™, effect of thermal history
poly(ethylene terephthalate)

IR fig 4.5 121; oriented sample, polarized spectra, 770-1070cm ™!

IR and R fig 5.11 201; 200-3200cm !, showing interference fringes in IR
polyisobutene

IR fig 5.13¢ 207; compared with PE and PP spectra, 4004000 cm ~!
poly(methyl methacrylate)

IR fig 5.15 209; cast film, 400-3700cm !

IR fig 5.21 222; overtone region showing 6135¢cm ™! monomer peak
polypropylene

IR fig 5.13b 207; atactic, 4004000cm ™!, compared with h.p. PE and PIB

IR fig 6.3 236; iso-, syndio- and atactic, polarized spectra, 700-1600cm ™!
polystyrene

IR and R fig 5.9 195; atactic sample, 400-4000cm !

R fig 5.19a 220; 1500-1700cm !, compared with sample toughened with PBD

toughened with polybutadiene

R figs 5.19b 220; 15001700 cm™, compared with pure PS spectrum
polytetrafluoroethylene

IR and R fig 5.7 189; 70-1500cm ™, polarized IR in region 350-1500cm !
poly(vinyl acetate)

IR fig 5.14 209; cast film, 400-3800 cm ™!
poly(vinyl chloride)

IR and R fig 3.7 102; v(CCl) region, 540-720cm ™ !, correlation splitting

IR and R fig 5.3 174; 400-3700cm ™!, R spectrum shows ‘fluorescence’

res. R fig. 5.22 225; thermally degraded sample, 50-4000 cm ™!

IR fig 6.5 241; v(CCl) region, 590-720cm !, samples polymerized at + 50, —78°C

R fig 6.7 243; »(CCl) region, 500-800cm ™', showing fitted Lorentzian peaks

308
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Index of group modes 309

poly(vinylidene chloride)
IR and R fig 5.6 183; single crystals and quenched sample, 50-3300cm ™!
polyurethane

IR fig 6.12 260; v(NH) region, 3200-3600 cm ~*, for {(CH,); OCONH(CH,),NHCOO}%,

Index of point groups

C, 54,66, 88, 118, 128-30, 201 D, 127

C, S4,66,88,90-3, 118, 127, 178, 181-5 D, 96-7

C, 54,62-3,65-6, 88, 95-7, 127, 151 D, 271-3

C, 54,88,90,93, 118 D,, 187-94

C, 88,93,95, 118, 182, 194, 276-7 D(12n/13) 187-94

C, 127,199,235 . 54

C,, 1878 D,, 54,107

C(12n/13) 187-9 Dy, 120

C, 54,62-3 D, 54,65

C,, 88,95, 103,105, 118, 128-30,169 D, 54,66,77,84-8,90-3,95,100-6, 107,
C,, 54,65 118, 128-30, 154-6, 16373, 265-7,
C,. 72-3,88,90-3,95, 100-1, 107, 110, 274-5, 276, 298-9

118, 127, 169, 174-9, 181-2, 195-8,237  D,, 116-17

C,, 556 Dg, 128-30,197-8

C,. 5960, 64, 118-19 D, 54,114

c., 54 S, 54,62-3,65-6

D, 54,63, 65,88, 95-7, 127 S, 54

D, 54,66,88,95-7,107,118,127,181-4, S, 54

235, 271-4 T, 55

Index of group modes

See, in addition, fig4.9,p 133 and fig 5.12,p  C=C stretching (continued)
204 in poly(vinyl chloride), 226, 255
in unsaturated hydrocarbons, 206
amide I, II, III modes, 204, 212-4, 223,258 in unsaturated polyethylene, 254

backbone C—C—C bending
see skeletal below in polypropylene, 237
benzene see also skeletal modes below
for modes of benzene or modes involving C—C—Cl bending
a substituted benzene ring, see main in poly(vinyl chloride), 275
index: benzene C—(CH,) stretching
C-—C stretching in polypropylene, 208, 237
in a terpolymer, 280 C—C—O0 bending
in polyethylene, 298 in poly(ethylene terephthalate), 202-3
in polypropylene, 208, 235-8 C—Cl bending
in poly(vinyl chloride), 226 of —CCl,— groups
see also skeletal modes below in poly(vinylidene chloride), 186
C=C stretching of lone CCl groups
in allyl alcohol, 218 in poly(vinyl chloride), 176, 179, 240
in ethylene, 77-8 C—Cl, rocking
in polybutadiene, 218-9 in poly(vinylidene chloride), 186
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310 Index of group modes

C—Cl stretching
in carbon tetrachloride, 149
of —CCl,— groups
in poly(vinylidene chloride), 181-5
of lone CCl groups
in poly(vinyl chloride), 102-3, 176,
178-9, 240-5, 275
C—Cl, twisting
in poly(vinylidene chloride), 186
C—Cl wagging
of —CCl,— groups
in poly(vinylidene chloride), 186
of lone CCl groups
in poly(vinyl chloride), 176, 179
CD, bending
in deuterated polyethylene, 2836
CF, bending
in polytetrafluoroethylene, 1924
CF, rocking
in polytetrafluoroethylene, 194
CF, stretching
in polytetrafluoroethylene, 1924
CF, twisting
in polytetrafluoroethylene, 1924
CF, wagging
in polytetrafluoroethylene, 194
C—H bending
of —CH,— groups
in polyethylene, 85-7, 154-5, 165-9,
173, 199, 266-8, 270-1, 283-6
in poly(ethylene terephthalate), 239
in polyoxymethylene, 274
in polystyrene, 199

in poly(vinyl! chloride), 175, 177-8, 217
240

in poly(vinylidene chioride), 186
of =CH, groups
in ethylene, 77-8
of CH, groups
in polyethylene, 247-50
in polyisobutene, 208
in polypropylene, 207
of lone C—H groups
in polypropylene, 208, 235-8
in polystyrene, 199
in poly(vinyl chloride), 175, 177-8
=CH, out of plane deformation
of vinylidene end group, 2524
CH, rocking
in adipic and sebacic acids, 214
in ethylene/propylene copolymers,
in polyethylene, 85-7,155-8, 165-9,171,
199, 206, 265-7, 269, 283-5, 298
in polyoxymethylene, 274

CH, rocking (continued)

in polypropylene, 237

in polystyrene, 199

in poly(vinyl chloride), 175, 178

in poly(vinylidene chloride), 186

of ethyl branches in polyethylene, 250
(CH,), modes

and trans/gauche isomerism in

poly(ethylene terephthalate), 23940, 278

trans 1,4 polybutadiene, 278
in h-h poly(vinyl chloride) and
polypropylene, 251
CHj rocking
in polyethylene branches, 249, 252
in polyisobutene, 208
in polypropylene, 208, 237
C—H stretching
and early IR instruments, 23
influence of nearby oxygen atom, 203
in methane, 135, 149
of —CH,— groups
in polyethylene, 85-7, 154-5, 165-7,
173, 176, 199
in poly(ethylene terephthalate), 203
in polyoxymethylene, 274
in polystyrene, 199
in poly(vinyl chloride), 175-7
in poly(vinylidene chloride), 184—6
of =CH,, groups
in ethylene, 77-8, 131-2
of CH, groups
in polypropylene, 2067
of lone CH groups
in poly(vinyl chloride), 175-7
CH, twisting
in polyethylene, 85-7, 106, 1367, 155-8,
165, 167-71, 206, 267, 271
in polystyrene, 199
in poly(vinyl chloride), 175, 178
in poly(vinylidene chloride), 186
CH wagging
of —CH,— groups in
polyethylene, 85-7, 136-7, 155, 164-5,
167-9, 171-3, 199, 247, 267, 269,
271, 298
poly(ethylene terephthalate), 239
polystyrene, 199
poly(vinyl chloride), 175, 178
poly(vinylidene chloride), 186
of lone CH groups in
poly(vinyl chloride), 175, 177-8
C—N stretching
in polyamides, 213
C=N stretching
in acrylonitrile copolymers, 218
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C—O stretching
in acetates, 208-9

311

C==0 stretching (continued)

variation of freq. with environment,

in acrylates, 210 2034
in aliphatic carbonates, 208 C=0 wagging
in cellulose acetate, 208 in PET 202

in poly(ethylene terephthalate),
202-3,210

in polymethacrylates, 209-10

in polyoxymethylene, 274

in polyurethanes, 214

in saturated esters/polyesters, 208-10

in terephthalates, 202-3, 210
C=0 rocking

in poly(ethylene terephthalate), 202
C=0 stretching

and hydrogen bonding, 25964

in aromatic polyesters, 210

in biopolymers, 264

in carbonyl compounds, 223

in carboxylic acids, 2234

in cellulose acetate, 208

in COO~ ion 223-4

in dilauryl thiodipropionate, 223

in oxidised polyalkenes, 2234

in polyamides, 213

in poly(e-caprolactone) blends 230-1

in poly(ethylene terephthalate), 202-3,

C—O—C bending

in poly(ethylene terephthalate), 202-3
in polyoxymethylene, 274

C—O—C stretching

in an aliphatic ether, 212
in polyurethanes, 214
in resole resins, 212

N—H in-plane deformation

in polyamides, 213

N—H stretching

and early IR instruments, 23
and hydrogen bonding, 257-64
in biopolymers, 262

in Nylon 6, 6 and Nylon 10, 258
in polyamides, 213, 257-8

in polyurethanes, 258-61

O—H stretching

and early IR instruments, 23
and hydrogen bonding, 257
in novolak resins, 211-12

in phenolic antioxidants, 222
in resole resins, 212

301 of end groups in polyoxymethylene, 255
in poly(methyl methacrylate), 209 out-of-plane deformation
in polyurethanes, 214, 259-61 of unsaturated groups in polyethylene,
in poly(vinyl acetate), 229-30 2524, 269
in saturated aldehydes, 224 vibrations in polybutadiene, 218-19
in saturated esters/polyesters, 202-3, skeletal modes in

208-10, 301 polyethylene, 85-7, 155, 165, 167-71,
in saturated ketones, 224 173, 267
in vinyl acetate copolymers, 217, polyisobutene, 208

229-30 polypropylene, 208, 235-8
of acetate groups in polyoxymethylene, poly(vinyl chloride), 176-9, 226

255 YX, stretching vibrations, 166, 184

Index of polymers

See in addition table 5.10, p. 205, for a cellulose acetate, 208

polymer classification scheme by collagen, 2624
characteristic infrared frequencies. copolymers of
) ) ethylene and 1-alkenes, 248
amino resins, 7 ethylene and propylene, 231-3
biopolymers, 3, 32, 213, 256, 262-4 e‘hyl;’g; “3‘(‘)‘1 vinyl acetate, 217-18,
blends of polymers, 15-6, 214, 216 thyi B ) d
B
poly(e-caprolactone) and PVC, 230-1 Nylons, 214
cellulose, 256 styrene and acrylonitrile, 218
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312 Index of polymers

copolymers of (continued)
styrene and butadiene, 219
vinyl chloride and vinyl acetate, 217
vinyl chloride and vinylidene chloride,
233-4

DNA, 264

elastomers, 31
epoxy resins, 255-6

gutta percha (trans 1,4-polyisoprene), 10

novolak resins, 210-12
Nylons, 5-6, 212-14, 220-1, 257-8

perspex: see poly(methyl methacrylate)
phenolic resins, 7, 210-12
plexiglass; see poly(methyl methacrylate)
polyacetates, 208-9
polyacetylene, 4, 226
polyacrylates, 208-10
polyacrylonitrile, 34

see also copolymers
poly(alkylene oxide)s, LA modes, 292
poly(alkylene sulphide)s, LA modes, 292
polyamides, 56,204, 212-14,220-1,257-8
polybutadiene, 4, 218-19, 278, 292

see also copolymers
poly(butyl methacrylate), 210
polycaprolactam (Nylon 6), 6, 214, 220-1
poly(e-caprolactone), 230-1
poly(decamethylene sebacate), 292
polydicyclopentadiene, 280
polydienes, 4, 10

see also individual polymers
poly(diethylene glycol bisallyl carbonate),

208

polyenes, low MW, 226
polyester polyurethanes, 6, 214-15, 259,
261
polyesters, 5-6, 208-10, 214
see also individual polymers
polyether polyurethanes, 6,214-15,259-61
polyethers, 4
see also individual polymers
polyethylene
additives, defects, end groups and
degradation, 11-12, 163, 167-8,
172, 222-4, 246-50, 252-4, 269
chain dimensions, 187
copolymers; see copolymers
cross linking, 254, 269
crystal structure and symmetry, 1036,
166, 265
crystallinity, morphology and chain
folding, 13, 156, 163, 246, 280-92
deuterated, 136-7, 166, 267, 281-6

polyethylene (continued)
discovery of, 166
dispersion curves; finite chains, 154-8,
168-72, 192, 287, 290
effects of crystallinity in, 103-6, 1567,
163, 166-8, 171, 173, 231, 247,
265-71, 276, 281-6, 298
longitudinal acoustic mode, 34, 286-92
model compounds, 157, 166-73, 247-8,
269
molten, 166, 271
non-crystalline chains, 166, 168, 172,
247, 269, 271
orientation, 166-7, 172, 266, 269, 290,
298-9
overtones and combinations, 163, 167--8,
170, 222, 267
perfect single chain, 81-91, 154-6,
163-73
polymerization and types, 3, 172, 2467,
249, 250, 2524
sample thickness for IR, 29
single crystal texture, 172-3
single crystals, 13, 280-6, 288, 291-2
vibrational calculations, 154, 166-8,
170-2, 267, 276
poly(ethyl methacrylate), 210
poly(ethylene adipate), 214
poly(ethylene oxide), 214, 292
poly(ethylene terephthalate), 7
assignments and recognition, 200-3, 210
model compounds, 134, 202-3, 240, 299
orientation, 121, 240, 298-301
polymerization; structure; symmetry, 6,
128, 200-1
rotational isomerism and amorphous
regions, 11, 202-3, 23940, 278, 299
vibrational calculations, 203
polyisobutene, 207-8
polyisoprene, 4, 10
polymethacrylates, 208-10
poly(methy! acrylate), 210
polymethylene, 247
see also polyethylene
poly(methyl methacrylate), 4, 13, 29,
208-10,221-2
poly(x-methyl styrene), 4
polyoxymethylene, 4, 252, 255,271-4, 279,
292
polypeptides, group frequencies, 213
polypropylene, 34
additives, defects, end groups and
degradation, 2234, 251, 254
configurational isomerism and
spectrum, 234-8
copolymers; see copolymers
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polypropylene {(continued)
group frequency approach, 206-8
polymerization, 3-4, 234
structure and symmetry, 3-4, 231,234-5,
279
vibrational calculations, 208, 235, 237
poly(propylene oxide), 214, 233
polyribo-adenylic acid, 264
polyribo-uridylic acid, 264
polystyrene, 3-4, 31, 194-200, 218-20, 251,
292
see also copolymers
polyterephthalates, 210
see also poly(ethylene terephthalate)
polytetrafluoroethylene, 4, 185-94, 276-8,
292
polytetrahydrofuran, 259, 261, 292
poly(tetramethylene adipate), 261
polythene, see polyethylene
polyurethanes, 5-6, 206, 214-15, 258-62
poly(vinyl acetate), 3—4, 208-9, 230
see also copolymers
poly(vinyl alcohol), crystallinity, 280
poly(vinyl chloride)
blend with poly(e-caprolactone), 230-1
copolymers; see copolymers
defects, end groups and degradation,
224-6, 246, 2501, 255, 279
deuterated, 173, 177-8, 240

Main index

absorbance, infrared
definition, 20
determination, 23, 26
for oriented samples, 296
ratios in analysis, 217-18, 247, 256, 269
absorption coefficient, 20, 215, 218-19, 248
absorptivity, molar, 215, 259-60
acceptor group, in H-bonding, 256, 259-60
acetate end groups in POM, 255
acetylacetone, 202
acetylene, 4, 227
acoustic modes: see modes, acoustic
activated species, 3
activity, spectral, 2, 65, 814, 100-1, 105-6
and crystal field, 98-100, 105-6, 265
for model ‘polymer’ chain, 154
see also selection rules
addition polymerization,3—4, 8
additives, 219-20, 222-3
adipic acid, 5, 214

313

poly(vinyl chloride) (continued)
effects of crystallinity, 100-3, 274-5
isomerism, amorphous regions and
spectrum, 10, 134, 179, 239, 240-5,
275
models for, 134, 240-2
spectral assignment of, 173-80
structure/symmetry, 3—4, 100-3, 128,
174
syndiotactic, 100-3, 274-5
factor group modes of cryst., 100-3
from urea clathrate, 179, 240, 275
vibrational calculations, 173, 177-9, 240,
275
poly(vinyl fluoride), 8
poly(vinylidene chloride), 4, 180-6
see also copolymers
poly(vinylidene fluoride), 8

resole resins, 210-12
Rigidex9, 247
rubber, natural (cis 1,4-polyisoprene), 10

vinyl polymers, 3—4, 8-10, 16
symmetry and vibrational modes, 89-93
symmetry and selection rules, 126-8
see also individual polymers

vinylidene polymers, 3-4, 8-9
see also individual polymers

adjacent re-entry, 13, 280-6

aldehydes as oxidation products, 224

aliphatic alcohols, 214

aliphatic amides, 223

aliphatic carbonates, 208

aliphatic polyesters, 214

alkanes; see paraffin

1-alkenes, 246, 248, 252

alkyl benzenes, 200

alkyl chlorides; see chlorides

allyl alcohol, 218

allyl chloride, 227

allylic chlorine group, 224,255

amide group/linkage, 5-6, 204, 212-14,
223, 256-8

amino resins, 7

ammonia molecule, symmetry of, 55, 65

amorphous regions; see non-crystalline
regions

amplitude of vibration, 85, 139, 221
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314 Main index

analysis
chemical, 218
spectroscopic, 15-16, 133
qualitative, 162, 203-15
quantitative, 215-26, 242, 247, 252-6
angular momentum, 74-5
anharmonic vibrations, 136, 158-61, 221
anisotropy
of tensor, 1234
see also orientation
annealing and lamellar thickness, 288,290
antioxidants, 220, 222
antisymmetric species, 52, 65-6, 74
antisymmetric stretching modes, 46, 74-5,
275
see also index of group modes
application of known assignments, 162
various applications, 215, 301
areas under peaks, 229-30, 242, 271, 275
aromatic isocyanates, 214-15
see also benzene
assignment, 162
for various polymers, 163-203
meaning and methods, 122, 125-38, 149,
292
associative law and group elements, 53
asymmetric carbon atom, 233
asymmetric peaks, 161, 229
atactic polymer, definition, 8
atomic radius, 8, 181
atomic structure and nucleus, 42-4
ATR, attenuated total reflection, 20, 30-1
axes
choice of orientation
and symmetry species designation, 66,
74,81, 85-6,92-3,100, 103,237,271
within structural unit, 294
symmetry, definitions and types, 47-52,
65, 81, 93
axial glide; see glide, axial
axial point group, 54, 65, 118-20

back-biting, 12, 254
basis for representation, 5863, 67, 70, 77,
117-19
Beer’s law; see Lambert—Beer law
bending; see modes, bending; index of
group modes
benzene, 128
fundamental and symmetry modes,
195-8
ring
monosubstituted, 195-200
paradisubstituted, 128, 201-2
see also: phenolic resins; polyesters;
polystyrene; polyurethanes in index
of polymers

biaxial orientation, 266, 293, 301
binding energy of molecule, 42
biopolymers, 3, 32, 213, 256, 2624
birefringence, 300-1
bis(2-hydroxy ethyl) terephthalate, 299
blends (of polymers), 15-16, 216,
219, 230-1
blowing, 223
Boltzmann factor, 113
bond
angle, 1, 75-7, 147-8, 1812
chemical, nature of, 1, 42
dipole, 109-11, 265-6
double
and cis/trans isomerism, 10
and end groups or defects, 227, 252-5
and resonance Raman, 224-6
in monomers, 4, 221
electrostatic; see hydrogen bond(ing)
hydrogen; see hydrogen bond(ing)
length, 76, 147-8
rotation around and trans/gauche, 9-10
bonding, tetrahedral, 8, 47
Born’s cyclic boundary conditions, 150
borrowing of intensity, 197
branch/branching
and degradation in PVC, 224, 246
as defect structure, 8, 11
effect on
crystallinity, 246
longitudinal acoustic mode, 288
mechanism for, 11-12
studied by spectroscopy, 246-50
see also methyl group(s)
breathing mode of methane, 135
bridged structures, 7, 210
broadening of peaks
asymmetric, 161, 229
in copolymer, 229, 233
in the melt, 279
involving non-factor group modes, 161
see also width of peaks
bromination of polymers, 252-5
1,4-butanediol in polyurethanes, 259

calculation of frequencies; see vibrational
calculations
calibration
for analysis, 247, 252, 255
for crystallinity determination, 280
caprolactam, 6, 220-1
carbamate groups, 214
carbon
dioxide, normal modes, 45-6
disulphide, 218, 223
tetrachloride, 47-8, 149, 221
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carbonyl compounds/group, 202-3, 223
and hydrogen bonding, 256, 259-64
see also C=0O0 in index of group modes

carboxylic acids, 2234

casting of samples, 29

catalyst, 233, 234, 246, 254

cellulose, 256

cellulose acetate, 208

central force field; see force field

centre of inversion, 49

centrosymmetric molecule, 81-9, 114-16,

200-1

chain
folding, 13, 280-6, 288, 291
transfer during polymerization, 12
terminating groups; see end groups
number per unit cell, 98-106, 264-5; see

also splitting, correlation
regular, 7, 15, 80-96; see also: order;
isolated regular chain

character
of a representation matrix, 63-5

contribution of each atom, 71-2, 84
table, 64-7, 72-3, 79, 84-5, 109, 118, 168

chemical analysis, 218

chemical repeat unit, 2, 15, 81, 95

chirality, 94-5

chlorides, secondary
as models for PVC, 134, 240-2
as models for PVDC, 185
force constants, 1734, 185

chlorine atom, diameter, 181

chloromethyl branches in PVC, 227, 250

chloroparaffins
2-chlorobutane, 174, 242
2-chloropropane, 241
see also chlorides

chromatography, 30, 220

CH, group; see methyl group

CH, (methane), 135, 149

cis configuration/conformation, 10-12,

1814

class of operation, 64-5, 71, 72, 95

coatings, 20, 31, 36

collagen and hydrogen bonding, 2624

coloured samples, 33

column matrix; see matrix, column

comb, in dispersive, IR, 23

combination; see overtone/combination

frequencies

combination rule in group theory, 53-6, 57

commutation of elements/operators, 53, 56

complex eigenvectors, 63, 143, 150-1, 154

complex matrices, 62-3, 119, 143

composite material, 258

computers and IR, 21, 26-7, 247, 255

315

concentration; see analysis
condensation reactions, 5-7, 214
configuration; see isomer/isomerism
conformation; see isomer/isomerism
conformer; see isomer/isomerism,
conformational
conjugated double bonds, 224-6
convolution, 40-1
cooling; see temperature
coordinates
Cartesian, 67-8, 138-9, 152
complex, 63, 143
for helical molecule, 150-1
generalized, 13941
internal, 76-7, 139, 146-8
internal symmetry, 77, 130-1, 146
mass weighted, 69, 141
normal, 69-70, 75, 111-14, 142-3, 145
rotational and translational, 146
symmetry, 74-8, 139, 145-6, 178
copolymer
analysis, 16, 216-19, 227-31
and crystallization, 227
and polymerization mechanisms, 227-8
block, 217, 228, 258
definition, 2, 8
distribution of units, 227, 229-34
interactions in, 217, 228-31
random, 217, 228-9, 231
segmented block, 258
see also index of polymers
correlation
splitting; see splitting
tables for descent in symmetry, 92
coupled oscillators, 1, 156, 168, 192
coupling of group vibrations, 133, 154
see also mixing
cross-linking, 7, 210--12, 218, 254, 256,
269
crystal
field; see field, crystal
size and spectrum, 156-7
structure
hexagonal, 271
monoclinic, 276
orthorhombic, 100, 103, 265, 271
spectroscopic study of, 99, 264, 276-8
crystallinity
and isomerism, 234, 240, 250, 278
and order, 278-80
degree of, 163, 246, 275
determination of degree of by
density measurement, 269, 279-80
spectroscopy, 264, 269-71, 275,
278-80
X-ray diffraction, 269, 279-80
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crystallinity (continued)
effects on
properties, 13, 234
spectrum, 97-106, 126, 166-7, 264-80;
see also splitting, correlation; field,
crystal
peaks, 278-9
crystallization
and polymer morphology, 12-13
effect of branching on, 246
in copolymers, 227, 231
crystallites
dimensions of, 13-14, 270, 280, 288
lamellar, 13-14, 270, 280-6, 288-92
crystals
and regular chains, 15, 80
single, 13-14, 266, 280-1, 288, 291
vibrational modes and activity, 17,
97-106, 113, 156-7, 264-5
cubic groups and symmetry, 55,66, 125
cubic terms in potential energy, 159, 161
curing of resins, 210, 256
curve fitting, 3940, 215, 229-30, 240-3,
261, 275, 285-6, 289
cyclic boundary conditions, 150
cyclohexane, 257

damping, 225-6
data processing and IR, 26-7, 247, 255
deconvolution, 40-1
defect structure(s), 8
and copolymerization, 227
effect on LAM, 288, 290-1
quantitative information on, 217
see also: branch/branching; end groups;
isomer/isomerism
degeneracy
accidental, 58, 161
lifting/loss of, 265, 272; see also splitting,
crystal field
degenerate modes; see modes, degenerate
degradation, 223-7, 246, 251, 252, 255,
279
degrees of freedom, 44
denaturation of proteins, 2624
density and crystallinity, 269, 279-80
depolarized Raman peaks, 125, 180
depolarization ratio, 123-5, 299
derivative spectra, 40
descent in symmetry, 89-93, 99, 105
detectors
for IR spectroscopy, 27-8
for Raman spectroscopy, 35-6, 167
deuterated polymers
polyethylene, 136-7, 166, 267, 281-6
other polymers, 173, 177-8, 199, 202, 240

deuterium substitution, 135-7
di-pheny! methane-4,4'-di-isocyanate, 214
diagonal glide, 104
diagonal matrix, 61, 70; see also matrix
diagonal plane, 49
diatomic molecule, 42-4, 49
dibutyl tin dilaurate, 224
a,w-dichloroalkanes, spectra, 172
dichroism/dichroic ratio, 120-2, 296,
298-9
see also polarization
difference
frequency, 161; see also
overtone/combination frequencies
spectroscopy, 39, 221,223, 224, 247,253,
255
diffraction, electron, 13, 277
diffraction grating, 17, 24, 34-5, 288
dihedral axis/plane, definitions, 49
dihydroxyethylene terephthalate, 202
dilauryl thiodipropionate, 223
dimethyl terephthalate, 6, 202
dimethylhexatetracontane, 247
diphenylmethane di-isocyanate, 214, 259
dipole (moment), electric, 107-12
addition and IR, 110-11, 175, 265-6
and IR selection rule, 109-11
and orientation studies, 294
of bond or segment, 109-11, 121, 265-6
direct product group, 66
direction cosines, 108, 123
disorder, spatial, 265
disordered structures and group modes, 15,
206
dispersion curves, 150-8
for model ‘polymer’ system, 1524
for PE, 154-8,168-72,191-2, 287, 290-1
for PTFE, 1924, 277
non-crossing and repulsion, 154—6
dispersive spectrometers, 214, 34-6
distearone, 224
distortion of oriented samples, 292
distribution
of lamellar thicknesses, 289, 291-2
of orientations of units, 293-301
DNA, 264
donor group, in H-bonding, 258
double bond; see bond, double
double helix of DNA, 264
drawing (stretching), 120, 240, 242, 273,
292, 298, 301
dynamic studies, 27, 36

eigenvector(s)
and symmetry, 47, 52-3, 70, 74
and vibrational calculations, 13845
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eigenvectors (continued)
as sum over symmetry mode vectors,
74-5, 145
assignment to, 125, 130, 134
approximate, symbols for, 85, 163
complex, 63, 143, 150-1, 154
definition, 45-7
for degenerate modes, 46, 57-63, 70
for modes in crystals, 98-9, 103, 265-6,
268
for PE 171
normalization, 69, 142-3
orthogonality of, 69, 141-3
elastic rod model and LAM, 287, 291
elastomers and ATR, 31
electric dipole; see dipole
electric field; see field
electromagnetic spectrum, 17-18
electron diffraction, 13, 277
electron microscopy, 280-1
electron volt, definition, 18
electronegative atom, 256
electronic states/transitions, 43, 44, 224-5
electrostatic bond; see hydrogen bond(ing)
element of group, 53
elevated temperatures, 160-1
see also temperature
end groups
as defect structures, 8
concentration by spectroscopy, 251-6
effects on modes and activity, 1567
in various polymers, 224, 251-6, 269
see also methyl group(s)
energy
kinetic, 42, 140-3
levels, 17-18, 112-13, 159-60
of isomeric forms, 10, 13, 239, 278
potential, 42-5, 52-3, 140, 1424, 158-9
distribution (PED), 144, 175-9
thermal, 18
enthalpy and protein stability, 262
entropy and protein stability, 262
environment and group frequency, 203
environmental health, 219
epoxy resins, 255-6
equations of motion, 45, 58, 74, 138, 140,
152
equilibrium, thermal, 113
esterification reaction, 5-6
esters, saturated, 208-10; see also
polyesters in index of polymers
ethanol, 257
ether bridges in phenolic resins, 7, 210
ether linkage in polyurethanes, 214
ethers, cyclic, polymerization of, 4

317

ethylene, vibrational modes, 77-8, 131-2
ethylene dibenzoate, 240

ethylene glycol, 6, 128

excited states, 113

external modes; see mode(s), external
extinction coefficient, definition, 215
extrusion, 223

F matrix, 13948
factor group; see: group, factor; mode(s),
factor group
analysis for various polymers, §1-93,
100-6, 163-203, 235-8, 271-3
far infrared region, definition, 17
Fellgett advantage in FTIR, 26
Fermi resonance, 161, 167-8, 267-9
fibres and Raman spectroscopy, 37
field
crystal, 53, 98-9, 100, 105-6
electric, 295-6
and induced dipoles, 107-12
internal, 298
films as samples for IR, 28-30
‘finger print’, spectrum as, 162
finite chains, vibrations of, 156-8
fitting of spectra; see curve fitting
‘fluorescence’ and Raman spectra, 32, 37,
174 (fig 5.3)
fluorine atom, radius, 8
folding of chains, 13-14, 2806, 288, 291
force constant(s), 44-5, 76-8, 134, 135,
138-50, 1524
derived from small molecules, 148-9,
154, 167, 171-2, 1734, 184-5, 200
for non-bonded atom interactions, 148
interaction force constants, 148
no. of independent, 146, 148
refinement of, 149-50
transferabilty of, 148-9
force field, 146-50
central and general central, 147
for hydrocarbons, 171, 200
for monosubstituted alkyl benzenes, 200
intermolecular, 264, 275
Urey-Bradley-Shimanouchi, 148, 154
valence/simple valence, 148-9, 171,
184-5
forces
interatomic, 42-5, 52, 76-8, 80, 98-9,
136, 148, 267; see also force field
interlamellar, 290
intermolecular, 80, 98-9, 265, 267, 275;
see also splitting, correlation
van der Waals, 8, 148, 262
formic acid as solvent for Nylon 6, 221
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Fourier
series, 159
transform, 26
transform IR, 24-7, 255
free energy, 10, 13, 239
freedom, degrees of, 44
frequency
angular, 62-3, 138, 1524
of electromagnetic wave, 17
of modulation in FTIR spectroscopy, 26,
28
range for normal modes, 17
frequency-phase-difference curves; see
dispersion curves
frequency/structure correlations, 203
see also mode(s), group
fringes, interference, 201 (fig 5.11)
FTIR; see Fourier transform IR
fundamental frequencies of unit cell, 170
fundamental frequencies/modes for various
polymers, 163-203
fundamental frequency, 136, 158-61
fundamental LAM, 286-8

g (gerade) species defined, 66
G matrix, 13946
gamma-irradiation, 254, 269, 277
gauche; see isomer/isomerism
Gaussian line shape, 39, 261
generalized coordinates, 13941
generalized position, 58, 67-76
generating operations, 55
genuine normal mode, 44, 74, 77, 84-5, 146
geometry, molecular, 58, 134, 135
Gibbs free energy, 10, 13, 239
glasses, polymeric, 13
glide
plane, 81, 100, 152
axial, 81, 104
diagonal, 104
glycols, 5-6, 128
ground state, 113, 159-61
group
axial point, 54, 65
crystal space, 97-9, 100, 103, 166, 272,
276
direct product, 66
factor
and local symmetry, 126~31
for helix, 95, 151
of line group, 80, 84, 91, 98-9, 151
of site group, 103, 105
of space group, 97-9
see also factor group
frequency; see mode(s), group
homomorphous, 56-7

group {continued)
isomorphous; see isomorphous groups
line, 83, 151, 167; see also factor above
mathematical, definition, 53
mode; see mode(s), group; for specific

types see index of group modes

multiplication table, 55-6, 60, 84
point, 53-6, 84, 85, 89
pseudo-factor, 151
representation; see representation
site, 103, 105
space, 97-9, 100, 103, 166, 272, 276
theory, 52, 53-74, 79
vibration; see mode(s), group

gutta percha, 10

halo-alkanes, 172, 239
see also chlorides
hard segment, 258-62
harmonic approximation, 44-5, 158
harmonic functions, 159
harmonic oscillator, 1, 43-5, 112-13
harmonic vibrations, 136
harmonic wave, 17
head-to-head/tail addition, 8,231-3, 250-1
health, environmental, 219
heat treatment, 126
see also annealing and lamellar thickness
helical molecules
biopolymers, 2624
CF,(CF,),,CF;, 194
symmetry and normal modes, 93-7,
150-2
various polymers, 10, 154, 185-94, 199,
234, 235, 271, 276-7, 279
hexadecane, 269
hexagonal unit cell, POM, 271
hexamethylene diamine, 6
hexamine, in novolak resins, 211
1-hexene, 246
highly symmetric molecules, 206
hindrance, steric, 4, 8
homomorphous groups, 56-7
homopolymer, definition, 2
horizontal mirror plane, definition, 49
hot bands, 160-1
hydrocarbons, force constants, 154, 200
see also paraffin
hydrochlorides, 214
hydrogen bond(ing), 222, 25664
in biopolymers, 2624
in polyamides, 257-8
in polyurethanes, 258-62
temperature dependence, 257-8, 261
hydrogen chloride, 224
hydrolysis of Nylons, 214
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hydroperoxides, 223
hydroxyl group, 222, 256-7, 262
see also index of group modes, OH

icosahedral group/symmetry, 55, 66, 125
identification; see analysis
identity
element of group, 53-5
operation, definition, 49
period, 185-7; see also translational
period
representation, 57, 65, 117-18
impact strength, 227
improper rotation, definition, 48
inclusions, study by Raman, 32, 36, 254
infinite chain, modes of, 15, 80-97
infrared
absorption mechanism, 109
frequency range, 17
selection rules, 107, 109-11
inhomogeneity, study by Raman, 254
initiation site for degradation, 224
initiation step in polymerization, 3
instrumental line shape, 40
intensity ratios in Raman, 32, 216, 219, 268
interaction force constants; see force
constants
interactions
between repeat units, 15, 199; see also
coupled oscillators
see also forces
interatomic distances, non-bonded atoms,
148
interatomic forces; see forces, interatomic
interchain interaction; see intermolecular
forces
interference fringes, 201 (fig 5.11)
interferogram, 26
interferometer, Michelson, 24-7
intermolecular forces; see forces
in various polymers, 163, 239, 274, 277,
281
see also hydrogen bond(ing)
internal coordinates; see coordinates
internal field, 298
internal mode, 98-9, 131
internal standard, 32, 256, 269, 271
interpretation of polymer spectra, 162
for various polymers, 163-215
intramolecular bonding, 256
invariant, of tensor, 124
inverse
of group element or operator, 55
of block matrix, 146
inversion, centre of, definition, 49
irradiation wth X- or y-rays, 254, 269, 277

319

isobutane, 171
isocyanurate ring, 206
isolated regular chain, 80-99, 150-6
examples, 163-203, 234-8, 2714
isomer/isomerism
cis/trans, definition, 10
configurational/conformational, 8-11
and determ. of crystallinity, 278
and group vibrations, 133
characterization of, 23445, 297
config., examples, 179, 218-19, 275
conform., examples, 179, 200-3, 275,
278, 298-9
trans/gauche, definition, 10; see also
conformational above
sequence; see head-to-head/tail addition
isomorphous groups, 56-7
examples, 84, 89, 91-2, 95, 97, 99, 100,
103, 127, 271, 272; see also section
5.2
isotactic chain, definition, 8-9
isotope substitution, 134-7
see also deuterated polymers
iteration, 149-50

Jacquinot advantage in FTIR, 27

ketones, 202, 224
kinetic energy, 42, 140-3
KRSS, 29

LAM, 34, 286-92
! and d sequence distribution, 233
Lagrange’s equation of motion, 140
Lambert-Beer law/equation, 215, 217
lamellar crystals, 13, 270, 2806, 288-92
laser

for IR spectroscopy, 21

for Raman spectroscopy, 18, 33-4, 36-7,

124

for resonance Raman, 226

lattice modes, 17, 98-9, 113, 131, 265,
276-7

least squares fit, 171
Legendre polynomials, 294-7, 301
librational modes, 98-9, 277
light, velocity of, 17
light scattering; see scattering
line group; see group, line
linear molecule, 44, 46, 114-15
linear momentum, 74-5
line shape, 39-41

see also shape of peak
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linkages, amide, ester, urethane, 5, 258
see also: amide group; esters; urethane
group
liquid cell, 217
liquid nitrogen, 157, 286
liquid paraffinic hydrocabon, 269
local symmetry, 126-31, 194-200, 200-3
lone CH group, 179, 199
see also index of group modes
longitudinal acoustic modes, 34, 286-92
Lorentzian line shape, 39-41, 243
low frequency modes, 17, 160, 276-7
low temperature, 2767

macroconformations and morphology, 12
maleic anhydride, 6
mass
reduced, 135, 137
spectrometry, 220
weighted coordinates, 69, 141
mathematical techniques, 38-41
matrix effects on vibrations, 229-30
matrix (mathematical), 79
character of; see character
column, 58-62, 67-9, 108, 13945, 150-1
complex, 62-3, 119, 143, 150-1
diagonal, 61
diagonal block, 70, 145-6
of direction cosines, 123
of force constants, 139-50
representation
of group elements, 57
of operator, 57-63
of tensor, 108
Wilson G and F, 139-48
mats of single crystals, 291
mechanical properties, 227, 234,246,292, 301
melamine and amino resins, 7
melt crystallization, 13, 280-6, 291
member of group, 53, 55
methane, 135, 149
methanol, 223
methyl acetate, 202
methyl group(s), 172, 246
as end groups
in paraffins, 156, 172
in PE, 167, 168, 250, 252
in/as branches, 167, 207-8, 246-50, 252
methyl laurate, spectrum, 172
methyl methacrylate in PMMA, 221-2
methylene
bridges in phenolic resins, 210
ether group in phenolic resins, 210-12
group, definition, 81
sequences, as branches in PE, 246
see also index of group frequencies

methylol group, 7, 212
Michelson interferometer, 24-7
microconformations and morphology, 13
microscope and Raman spectroscopy, 36
microstructure of copolymers, 227-34
microtome, for preparing IR samples, 30
mirror plane, definition, 47-9
influence on dispersion curves, 154-6
mixed crystals of PED and PEH, 281-6
mixing or coupling of symmetry or group
modes in various polymers, 133,
154, 156, 168, 171, 175, 177, 185,
192, 194, 197, 200, 202-3, 206, 208,
212-13
mixtures of polymers; see blends (of
polymers)
mode(s)
(for specific group modes, see index of
group modes)
acoustic, 17, 153-4, 157, 161
longitudinal acoustic, 34, 286-92
bending, 74-8, 110, 115
breathing, methane, 135
conformationally-sensitive, 200, 23945,
297
degenerate, 57-65, 69, 70, 98
accidental degeneracy, 58
defn. of symmetry determined, 45, 58
eigenvectors for, 46-7, 58-63
for helical molecules, 967
overtones and combinations of,160
Raman tensors for, 119-20
with 1-dim. representations, 62-3
see also splitting, crystal field
external, 77, 98-9
factor group
for helix, 95-7, 151
for model ‘polymer’ system, 153
of crystal space group, 97-9, 100, 103,
105
of line group of isolated regular chain,
80-9
see also main heading ‘factor group’
genuine normal, 44, 74, 77, 84-5, 146
group, 15, 131-3, 137, 203-15
and orientation, 133, 293
interaction in copolymers, 229
symbols for simple named types, 85-7
see also mixing
internal, 98-9, 131
lattice, 17, 98-9, 113, 131, 161, 265,
276-7
librational, 98-9, 277
low frequency, 17, 160, 276-7
non-factor group, 150-8, 161, 206; see
also dispersion curves
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mode(s) (continued)
non-genuine, 136; see also mode(s),
genuine normal
normal, 1, 14-5, 44-7, 52-3, 57-64, 66-78
for helical molecule, 96-7, 150-1
for model ‘polymer’ system, 1524
no. of for each symmetry species, 704
simple description of, 78
see also: factor group above;
eigenvectors; vibrational
calculations
optical, 1534, 161
skeletal, 85; see also index of group modes
stretching, 74-8, 110-11
symmetry, 74-8, 85-9, 131, 137
for helical molecule, 96-7
mixing of; see mixing
torsional, frequency range, 17, 113
true vibrational; see mode(s), genuine
normal
twisting, 85, 87
zero frequency, 69, 73; see also: mode(s),
non-genuine; rotational modes;
translation
model compounds, 130, 134
for various polymers, 157, 166-72, 185,
189, 194, 202-3, 240-2, 248, 259,
266, 269, 299
model ‘polymer’ system, vibrations of,
1524
models for molecular orientation, 301
modulation frequency in FTIR, 26, 28
molar absorption coefficient, 215, 248,
259-60
molecular weight, 217, 252, 254, 255
molten polymers, 239, 271, 278, 279
moment of inertia, 98, 136
momentum, angular and linear, 74-5
monochromators, 21-4, 33, 34-6
monoclinic crystal, 276
monomer,3, 12
determination of residual, 219-21
monomeric OH vibration, 257
monosubstituted benzene; see benzene
morphology, 12-13
see also lamellar crystals
motion, equation(s) of, 45, 58, 74, 138, 140,
152
mulls for IR spectroscopy, 28-30
multicomponent mixtures, analysis, 215-16
examples, 217-26
multidetector arrays and Raman, 36
multiplex advantage in FTIR, 26
multiplication (combination)
in group theory, 53-6, 57
table, 55-6, 60, 84

321

mutual exclusion rule, 113-16, 201

N atom, electronegative, 256
N atom in hydrogen bonding, 256
near infrared, 17, 221
neopentane, 171
neutron scattering, 1, 151, 158, 286, 290-2
Newman projection, 242 (fig 6.6)
NH group and hydrogen bonding, 256—64
nitric acid degradation and LAM, 291
nitrogen-containing polymers, 212-15
see also index of polymers
nitrogen, liquid, 157, 286
NMR spectroscopy, 211, 212, 217, 218,
219, 229-30, 248, 250, 251, 255
node in LAM, 286
noise, 23, 27, 41
non-crystalline region, 13, 80
between lamellae, 288, 2901
concentration of; see crystallinity
conformational content, 238-45
effect on spectrum, 100, 126, 265
of PE, 168, 247, 269-71
of various polymers, 179, 194, 202
non-factor group modes, 150-8, 161, 206
non-harmonic vibration, 136, 158-61, 221
normal coordinate calculations; see
vibrational calculations
normal coordinates, 69-70, 75, 111-14,
142-3, 145
normal mode; see mode(s), normal
notation
for symmetry
operations, 47-52, 81-3, 93
species, 65-6
used in tables, 162-3
see also symbols
novolak resins, 210-12
nucleus of atom, 42-4
null balance in dispersive IR, 23, 27
number of normal modes for species, 704,
84-5
Nylons 5-6, 212-14, 220-1, 257-8

O atom, electronegative, 256
O atom in hydrogen bonding, 256
0-0 and o-p linkages in novolaks, 210-11
oleamide in polyethylene, 223
opaque samples, 36
operations, 47-52, 55, 81-3, 91-3, 104
optical modes, 1534, 161
order
of a group, 53, 71, 98-9
of a symmetry element, 52, 54
order (regularity)
chain order and crystallinity, 264-80
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order (regularity) (continued)
intermediate, 269-71, 279
loss of, 231, 235
peaks characteristic for, 229, 235-8, 264,
278-80
orientation
averages, 294-301
molecular
and assignment, 120-2, 126-30, 276,
292; see also section 5.2 (163-203)
Jor various examples
and conformational content, 240, 297
and IR spectroscopy, 28, 120-2, 127
and polymer processing, 16-7
and Raman spectroscopy, 34, 125
and Young’s modulus, 290
characterization of, 133, 242, 292-301
corrections for, 240, 269, 279, 296
of axes; see axes, choice of orientation
orthogonality
of eigenvectors, 69, 141-3
of Legendre polynomials, 294
orthorhombic crystal, 100, 103, 265, 271
oscillator, harmonic; see harmonic
oscillator
overlapping peaks, 126, 247
see also curve fitting
overtone/combination frequencies, 17,
158-61
for PE, 163, 167, 168, 170, 222
for various polymers, 191, 197, 213, 274
for vibrations involving H atoms, 221
oxidation, degree of, 2234
oxirane ring, 255
oxygen-containing groups, 200-3, 210-12
see also polyesters in index of polymers
oxygen, direct determination of, 217

paradisubstituted benzene; see benzene
paraffin
branched, 171, 247
normal
crystal structure, 173
definition, 156, 166
deuterated, 171, 283-5
force constants, 171-2
in liquid state, 269
LAM, 286-90, 292
models for PE, 156-8, 166-72, 266,
269
selection rules and spectra, 168-71
single crystals, 172, 266
parallel () mode, definition, 121
partially polarized Raman peaks, 125
peak
area, 229-30, 242, 271, 275

peak (continued)
broadening; see width of peaks
shapes, 3941, 229, 233, 241, 289, 291-2
shift; see shift of peak
splitting; see splitting
width; see width of peaks
PED (potential energy distribution), 144,
175-9
1-pentadecene, 252
perfect isolated chain; see isolated regular
chain
perpendicular (o) mode, definition, 121-2
perspex; see index of polymers
phase (of vibration) relative
of atoms in normal modes, 45-7
of chains
in correlation splitting, 99, 100, 102-3
106, 2656
in lattice modes, 99
of groups within repeat unit, 103, 154,
174-6
of masses for model 'polymer’, 1534
of methylene groups in normal paraffins,
168-9
of units in helical molecules, 96-7, 151,
188, 192, 194
phase (type of structure)
in polyethylene, 264, 269-71, 298
in polytetrafluoroethylene, 187, 276-7
in polyurethanes, 25862
phenolic antioxidants, 222
phenols and phenolic resins, 7, 210-12
phenyl group; see benzene
N-phenylurethane, 259
Phillips process, 246, 252, 254
photochemical decomposition, 223-6
photographic recording for Raman, 167
photon, 112
phthalic anhydride, 6
physical properties/structure, 227
and spectroscopy, 16-17
see also mechanical properties
pi (7) mode, definition, 121-2
planar square molecule, 115-16
planar zig-zag, 8-10, 13, 82, 89-92, 100,
127, 173, 177-80, 185, 199, 235,
237, 240
plane, see mirror plane
plasticizers, 226
plexiglass; see index of polymers
point group and symmetry, 47-56
polar groups, 163; see also hydrogen
bond(ing)
polarizability
in longitudinal acoustic mode, 286
derivative, 113; see also tensor, Raman

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521421950
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

0521421950 - The Vibrational Spectroscopy of Polymers

D. I. Bower and W. F. Maddams
Index
More information

Main index

polarizability (continued)
molecular, 107-9, 111-15, 160, 225
see also tensor
polarization
and infrared spectra, 28, 67, 109-11,
120-2, 127; see also 266, 276-7 and
section 5.2 (163-203) for various
examples
and orientation, 292-301; see also
orientation, molecular
and Raman spectroscopy, 33-5, 37, 67,
122-5, 127; see also 267 and section
5.2 (163-203) for various examples
instrumental, 28, 34, 122, 269
polyene
low MW, 226
sequences in PVC, 224-6
polymer, definition of, 2
polymerization and polymerization
mechanisms, 3-7, 227-8, 233, 234,
240, 246, 271
position, generalized, 58, 67-76
potassium bromide disks, 29, 30
potential energy; see energy
powder samples, 28-30, 36, 37, 275
prediction of frequencies, 149-50, 172
preferred orientation around axis, 294
pressing, hot for IR samples, 29
principal axes of a tensor, 108
principal axis of a molecule, 49, 65
principal polarizabilities, 107-8
prisms in IR spectrometers, 23
processing of polymers, 16, 223, 292
product rule, Teller-Redlich, 136-7
propagation step in polymerization, 3
propylene glycol, 6
propylene oxide, polymerization, 233
proteins, hydrogen bonding in, 2624
pseudo-baseline technique, 38-9, 215
pyramid, square, molecule, 59
pyrolysis of novolak resin, 211

qualitative analysis; see analysis

quantitative analysis; see analysis

quantum mechanics, 17-18, 43, 112-13,
159-61

quartic terms in potential energy, 159

Raman; see scattering, Raman
random re-entry, 280, 283, 286
randomly coiled chains, 13
Rayleigh scattering, 2, 32, 33, 112, 288
ratio recording IR spectrometer, 23
ratios
of absorbances, 217-18, 247, 256, 269
of Raman intensities, 32, 216, 219, 268
reactivity ratios, 228

323

reduced mass, 135, 137
reflection
loss, correction for, 20, 298
operation, 47-9
spectroscopy, IR, 20, 30-1
refractive index, 301
regular polymer chain; see chain
regularity peaks, 229, 235-8, 264, 278-80
see also order (regularity)
relaxation of orientation, 292
repeat unit(s)
chemical, 2, 15, 81, 95, 180, 235
dimensions, 15, 180, 187
interactions between 15, 199; see also:
coupled oscillators; phase
physical, 15, 95, 97, 150-2, 235
translational, 81-3, 90-1, 103, 151-2,
185-7, 238
representation of a group
based on 2nd order functions, 117-20
by matrices, 57-63
reducible, irred. & equiv. reps, 60-3
3n-dimensional, 84
3N-dimensional, 67-70
repulsive forces, 148
resole resins, 210-12
resolution, spectral, 18, 21, 27
resonance, Fermi, 161, 167-8, 267-8
resonance Raman, 18, 43, 2246
rigidity, 234
rotation
around bonds, 9-10; see also
isomer/isomerism
axes/operations, definitions, 47-9, 65,
81,93
rotational isomerism; see
isomer/isomerism, conformational
rotational modes/motion, 42, 44, 69, 73-5,
717, 84-17, 98, 110, 146, 192
rotatory mode (libration), 98-9, 277
rubber, natural, 10
rule of mutual exclusion, 113-16, 201

Sun> Suy and Sgy structures, 241-5
sample preparation, 28-30, 36-7
Santonox R, 220-1
scattering
neutron, 1, 151, 158, 286, 290-2
of light, 33
by gratings and mirrors, 34
by spherulites, 13
Raman, 2, 18
anti-Stokes, 112-13
ease of sampling, 32, 36, 254, 264
efficiencies, 242
first polymer spectrum, 31
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scattering (continued)
Raman (continued)
for model ‘polymer’ chain, 154
intensities, 112-13, 120
origin of, 111-13
selection rules, 107, 113-20
Stokes, 2, 18, 112-13
Rayleigh, 2, 32, 33, 112, 288
resonance Raman, 18, 43, 224-6
scission of chains, 224
screw axis/operation, 81, 93, 150, 154
see also helical molecules
sebacic acid, 6, 214
second order functions, 117-20
secondary amide group, 213; see also amide
group/linkage
secondary chlorides; see chlorides
secular equation, 13940, 152
segregation in mixed crystals, 285
selection rules, 81, 101, 107, 113-20, 129
applications; see section 5.2 (163-203)
infrared, 109-11
for overtones and combinations, 160
Raman, 107, 113-20
sequence length, copolymers 227-8, 2314
shape of peak, 39-41, 229, 233, 241, 289,
291-2
sharpening of peak
by cooling, 157, 267-8
by crystallization, 265
shift of peak
by isotope substitution, 134-7
in copolymers, 229, 230, 233
with temperature, 277; see also
temperature
side groups; see branch/branching
sigma (o) mode, definition, 121-2
signal-to-noise ratio, 23, 27, 41
similarity transformation, 62
simple harmonic; see under harmonic
single crystal texture PE, 172-3
single crystals, 13, 266, 2806, 288, 291-2
site group, 103, 105
skeletal modes, 85
see also index of group modes
slip agents, 223
small samples and Raman, 32, 254
soft segment, 258-62
solid angle, 294, 297
solubility of polymers, 254, 256
solute/solvent interactions, 229-30
solution
crystals from, 13, 2806, 288, 291-2
of polymer, 29, 221, 278
solvents for polymers, 29, 217,218,221, 223
sound waves; see mode(s), acoustic

sources for IR/Raman spectroscopy, 27, 33
see also laser
space group; see group, space
spectrometer(s), 18-28, 31-6, 113
spherical harmonics, 118-19, 297
spherical part of tensor, 123
spherulites, 13
splitting of modes/peaks, 16
correlation, 99-100, 265, 279
in PE, 105-6, 167, 173, 265-70, 281-6
in various polymers, 100-3, 184, 272-6
crystal field, 98-100, 265
due to isomerism, 23945, 278
obscured by amorphous peaks, 100, 265
of group modes by order, 206
spring, 42, 152, 154
square molecule, planar, 115-17
square pyramidal molecule, 59
stability; see degradation
stabilizers, 224, 226
standard, internal, 32, 256, 269, 271
stereoregular polymer(ization), 8, 233,
234
steric hindrance, 4, 8
stress crack resistance, 227, 246
stress/strain measurements, 290
stretching, 273; see also drawing
modes, 46, 74-8, 275; see also: mode(s),
stretching; index of group modes
structural defect; see defect structure
sub-units and assignment, 128-30, 200-3
subspectrum, 126
substitution of isotopes, 134-7
see also deuterated polymers
subtraction of spectra; see difference
sulphur-containing materials, 2201
summation frequency, 161
see also overtone/combination
frequencies
superfolding in PE crystals, 286
superposition of spectra, 126, 228-9
surface coatings, 20, 31, 36
switchboard model of chain folding, 280
symbols
and electromagnetic waves,17-18
for types of group vibrations, 85-7
see also notation
symmetric species, 52, 65-6
symmetric stretching modes, 46, 74-8, 275
see also index of group modes
symmetry
and nature of normal modes, 47, 52-3
and spectral activity, 15, 67, 81, 180-5;
see also selection rules
coordinates, 74-8, 139, 145-6, 178
descent in, 89-93, 99, 105
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symmetry (continued)
elements and operations
definitions, 47-52, 55, 81-3, 91, 93,
104
local, 126-31, 200-3
lowering of, 98, 172
mode; see mode(s), symmetry
species, 53
definitions and symbols, 53, 64-6
no. of normal modes for each, 70-4,
84-5
of dispersion curve, 154—6
translational, 81, 90, 278
symmetry-related set of atoms, 136
syndiotactic chain, definition, 8-9

tacticity, definition, 8-9
tail-to-tail addition, 8, 231-3, 250-1
Taylor series, 111
Teller-Redlich product rule, 136-7
temperature
and intermolecular interactions, 267,
2717, 286
and structural transitions, 185-7, 273,
276-7
effect on
H-bonding, 257-8, 261, 2624
LAM peak, 290-2
peak position/width, 157, 267-8, 277
high and
degradation, 246
excited states, 113, 160-1
of polymerization and tacticity, 240-1
tensile strength, 227
tensor, 161
anisotropy of, 1234
derivative polarizability, 113; see also
Raman below
invariant of, 124
molecular polarizability, 107-9, 111-15
160, 225
principal axes and components, 108
Raman, 113, 116-20, 122-5, 225, 297,
299
second rank, 108
spherical part of, 123
spherically symmetric, 124-5
syrmmetric, 108
terephthalates, 202, 210
see also polyterephthalates in index of
polymers
terephthaloyl residue or group, 128, 134
terminating group; see end groups
termination of polymerization, 3
tetrahedral angle/bonding, 8, 47, 181
tetrahydrofuran, as solvent, 29-30, 217

325

thermal contraction, 267, 277
thermal decomposition/degradation,
223-6, 251, 262-4
thermal equilibrium, 113
thermal excitation, 160-1
thermodynamic equilibrium, 239
throughput advantage in FTIR, 26-7
tilt of chains in lamellar crystals, 290
toluene as solvent for PE, 223
torsional vibrations, 17, 113
totally polarized Raman modes, 125
totally symmetric mode/species, 65, 124-5,
135, 149, 226
trans; see isomer/isomerism
trans-in-chain groups, 2534
transformation, similarity, 62
transition
moment, 265, 269; see also dipole
structural, 185-7, 273, 276-7
translation/translational
modes/motion, 42,44, 69, 73-5,77,84-6,
109-10, 146, 153, 192
period, 81, 95; see also repeat unit(s)
symmetry operation/element, 81,91,278
transmittance, 20, 23, 26
transparency and polymer morphology, 13
transverse isotropy, 293
triad units in copolymers, 229-30
triatomic molecule
bent, 67-8, 72-7, 110-11
linear, 46, 114-15
triple helix of collagen, 262-3
true vibrations; see mode(s), genuine
normal
turbidity, of PTFE, 189
twisting modes, 85, 87
see also index of group modes

u (ungerade) species defined, 66
UBS force field, 148, 154
ultraviolet/visible region, 43, 224, 225
uniaxial orientation, 293
unit
monomer, 3
repeat; see repeat unit
structural, 7, 294
unit cell
definition, 97
examples; see crystal structure
fundamental modes of, 170; see also
mode(s), factor group
no. of chains through, 98-9, 264-5; see
also splitting, correlation
units and electromagnetic waves, 17-18
unsaturated groups, 206, 224, 253-5; see
also vinyl and vinylidene end group
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‘unzipping’ in PVC, 224

uracil base, 264

urea and amino resins, 7

urea clathrate, 179, 240, 275

urethane group/linkage 5-6, 214

see also polyurethanes in index of

polymers

Urey-Bradley-Shimanouchi ff., 148, 154

valence force field (VFF), 148-9, 171,
184-5
van der Waals forces/radius, 8, 148, 262
vector
basis, 58-62
displacement, 58
velocity
of light, 17
of mirror in FTIR, 26
vertical axis/mirror plane defined, 49
vibrational calculations, 135-56
and assignment, 126, 137-8, 149
and ‘prediction’ of frequencies, 149-50,
172
arbitrariness, 149-50
for mixed PED/PEH, 283
for polymers, 150-6
for PE, 154, 166-8, 170-2, 267, 276
for PVC, 173, 177-9, 240, 275
for various polymers, 183-5, 1934, 200,
203, 208
procedure, 149
use of computers, 171
vibrations/vibrational frequencies
coupled; see mixing
see also mode(s)
vinyl chloride, 227
vinyl end group in PE, 224,250, 2524, 269
vinyl fluoride, 8
vinyl polymers, 34
and head-to-head addition, 8
conformational/configurational
isomerism, 8-10, 23445
examples
atactic, 194-200;
isotactic, 199-200, 234-6
syndiotactic, 100-3, 173-80, 235-8

vinyl polymers (continued)
symmetry of chains, 89-93, 126-7
tacticity, definition, 8-9
see also index of polymers
vinylidene end groups, 2524
vinylidene fluoride, 8
vinylidene polymers, 3, 8
see also index of polymers
visible region of spectrum, 18, 43, 224, 225

water, 67

and hydrogen bonding, 256, 2624

and Raman spectroscopy, 32, 264

in poly{methyl methacrylate), 221-2
wave-function, 43, 160-1
wavelength

of electromagnetic wave, 17

typical for IR or Raman, 15, 17, 18
wavenumber of electromagnetic wave, 17
waves, certain vibrational modes as, 63
width of peaks, 15, 16, 18, 157,267,270, 271

and mathematical techniques, 38—41

effect on resolution, 100, 265, 267

for LA mode, 289, 291-2

influence of crystallinity on, 271
Wilson G and F matrices, 139-48

X-rays

and crystal structure, 173, 179, 185-7,
2001, 234, 239, 240, 276-7

and crystallinity determination, 269,
279-80

and orientation, 293, 301

and Young’s modulus, 288

irradiation of PE with, 254

small angle diffraction of, 288, 290, 292

Young’s modulus and LAM, 287-92
and X-ray diffraction, 288

zero-frequency modes, 69, 73
see also: mode(s), non-genuine;
rotational modes; translational
modes
Ziegler—Natta catalysts, 234, 246, 254
zig-zag, planar; see planar zig-zag
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