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Ablation, 70-74, 76, 78, 89—106
modeling blend rates, 101-104

Abrasion resistance, 158

Absorption band strength, 281

Absorption coefficient, 74-78
optimizing, 100-101

Absorption wavelength, 281

Acylation reactivity, 283, 285-288

Adhesion, 57

Adhesives, 38

Amic acid, 373, 379-391, 393-39%4

Amines, 371, 374, 380

Ammonia, 48

Amorphous structure, 25-26, 29, 33, 115

Anhydride, 371, 374, 380

Anisotropy, 202, 209-210, 356, 358, 368

Annealing, 6, 123-125, 130, 336

Asymmetrical stretching, 356

Atomic abundance, 161, 166

Atomistic models, 193

Azeotropes, 116-117

Beading, 55-56
Beer’s law, 74
B-relaxation, 186, 266
Birefringence, 248, 258, 300, 310, 321, 328,
344, 362-364
control of, 331-336
uniaxial negative, 358-359
2,2’ -bis(3,4-carboxyphenyl)hexafluoropropane
dianhydride, 374-377
NMR spectra, 377, 383-385, 392-394
1,1” -bis(3,4-carboxyphenyl) sulfone dianhydride,
374
1,4-bis(3,4-dicarboxytrifluorophenoxy)-tetra-
fluorobenzene dianhydride, 289—
290, 301
synthesis of, 290-292

2,27 -bis(trifluoromethyl)-4,4 ” -diaminobiphenyl,
352-356
2,2-bis(trifluoromethyl)-4,4-difluoro-1,3-
dioxole, 25, 115
monomer synthesis, 26-28
Born-Oppenheimer approximation, 193

Carbon dioxide, 137
Carbon—fluorine bond, 50-52, 112
Carbonyl doublet, 356-357
Carrier solvents additives, 112
Chain-packing density, 256
Charge transfer, 295-296, 307
Chemical defect, 174
Chemical graph theory, 215-217
advantages of, 227
Chemical inertness, 53
Chemical resistance, 165-167
Chemical shift, 285-288. 373, 375
Chlorofluorocarbons, 111; see also
Perfluorocarbons
uses of, 111
Chromophores, 74
Cladding, 64, 342
Cloud point, 138
Coatings, 121-122, 131-134, 136, 150-152,
160, 162-1 65; see also Fluorobase
Z, Supercritical fluids
conformational, 39
fluorobase Z, 150-152, 160, 162-165
atomic abundance, 161, 166
chemical resistance, 165-167
coefficient of friction, 158
curing conditions, 151-152, 156157, 167
formulations, 149-152
mechanical properties, 154—156, 158-159,
168
optical properties, 159-165
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Coatings (cont.)
fluorobase Z (cont.)
surface properties, 159-165, 168
thermal properties, 153, 155, 157-158
weatherability, 167
x-ray photoelectron spectroscopy, 161-165
perfluoropolyethers, 145-146, 150-152,
159-160
chemical resistance, 165-167
optical properties, 159-165
surface properties, 159-165, 168
weatherability, 167
poly(vinylidene fluoride), 131-134
powder, 41
spin, 31-32
strain-resistance, 163—164
structure—property relationships, 145-168
surface tension effects, 51, 5659, 61-63
use of supercritical fluids in, 38-42
Coefficient of friction, 54, 155, 158
Coefficient of thermal expansion, 306, 310,
314-315, 320, 360
Cohesive energy density, 214-215,217-218
Conformational defects, 174, 203-210
Conformational modeling, 175, 266
Conformational relaxation, 194, 266
Connectivity index, 215-217, 220, 227
Contact angle, 55-57, 61, 160-161
concept of, 56
effect on adhesion, 57
hysteresis, 58
Containment technology, 120
Cosine coefficients, 10
Cross linking, 150-151, 156, 159, 168
Crystal orientation, 4, 7, 10, 17-21
cosine coefficients, 10
dislocation density, 11
peak-to-background ratio, 10
strain behavior, 10-22
tensile testing, 1217
wide-angle x-ray diffraction studies, 10
Crystal polarization, 195-198, 209
Crystallinity, 123-126, 136, 257-258, 361-363
index, 21
role on polymer structure, 195-198
Crystallographic slip, 15-16
Curing, 151-152, 156-157, 167
Cytop, 282

Dew-cycle exposure, 132, 134
Diamines, 233, 238-244, 280, 283-284, 286,
289,289,295-299,307-308,311

Index

Dianhydrides, 233, 235-237, 280, 283-284,
286, 289, 289, 295-299
1,1-dichloro-1-fluoroethane, 114, 117
Dichroic ratio, 18
Dielectric constant, 200, 214-215, 245, 248,
250-256, 260, 306, 331-314, 316—
317, 360, 368
importance of, 213-214
prediction of, 217-219
equation for, 217-218
methods for, 214-215
use of chemical graph theory, 215-217,
227
vs. experimental results on polyimides,
220-228
Dioxoles, 26-27
Dipole moment, 193, 195-199, 209
Dislocation density, 11
Dispersants, 112
Dispersion energy, 50
Dispersion polymer, 8
Dispersion, 82, 112-114
Dissipation factor, 360
Doping, 79-89, 277
laser ablation method of, 89-106
effect of dopant concentration, 89-98
modeling ablation rates of blends, 101—
104
optimizing absorption coefficient, 100-101
subthreshold fluence phenomena, 104-106
threshold fluence vs. absorption coeffi-
cient, 99-100
threshold fluence vs. absorption coeffi-
cient, 99-100
use of excimer lasers in, 71-73

Elasticity, 201-202
Electrical resistivity, 215
Electronegativity, 50
Electronic affinity, 284, 289
Electronic packaging, 246
Elongation, 17, 19-20
End copolymer effect, 147
End groups, 147
End-group content, 284-285, 288, 292
End-group density, 360
Endotherms, 126-127
Enthalpic interactions, 140-142
Entropy of mixing, 140, 142
Etching, 70, 73, 76

kinetics of, 77, 81
Evanescent wave, 64
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Excimer lasers, 71-73
ablation of doped poly(tetrafluoroethylene),
89-106
studies on poly(methyl methacrylate), 73
use of gas mixtures in, 71

Fedors-type cohesive energy, 217
Ferroelectric switching, 199
Fibrils, 12
Film casting, 123, 126
Flash point, 113, 116, 118
Fluence, 72-74
threshold, 74, 99-100
Fluorine, 283, 288, 309
electronegativity, 50
ionic radius, 50
Fluorinert, 31
4-fluoroaniline, 374-376
NMR spectra, 375, 378, 381, 383-385, 389—
390, 394
Fluorobase Z, 145—146; see also Coatings
coatings, 150-152, 160, 162-165
atomic abundance, 161, 166
chemical resistance, 165-167
coefficient of friction, 158
curing conditions, 151-152, 156-157, 167
formulations, 149-152
mechanical properties, 154-156, 158-159,
168
optical properties, 159-165
surface properties, 159-165, 168
thermal properties, 153, 155, 157-158
weatherability, 167
x-ray photoelectron spectroscopy, 161—
165
miscibiity of, 149
overview of, 147-152
characteristics of, 147, 152
isothermal viscosity of, 148—149
structure of, 148
Fluorocarbons, 47-48
applications of, 64-65
carbon—fluorine bond, 50-52
chemical inertness, 53
electrooptical properties, 52, 63—64
thermal stability, 53
classification of, 47-48
historical perspective, 48-50
Fluoropolymer alloys, 121
Fluoropolymers, 5, 69, 112; see also Teflon
absorptivity, 64
amorphous, 115
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Fluoropolymers (cont.)
carbon—fluorine bonding in, 50-52
chemical inertness, 53
dielectric constants, 52, 63, 245, 250
dispersion into perfluorocarbons, 112—115
evaporative properties, 114
preparation of, 114-115
doping by laser ablation, 89—106
effects of friction on structure, 53-55
micromachining of, 70
molecular modeling of, 173-188, 266
overview of 47, 53, 69
surface modification of, 69-70, 106
surface tension effects, 51, 56-59, 61—
63
thermal stability of, 53
Flutec solvents, 140-141
19F-NMR, 373; see also Nuclear magnetic reso-
nance
Fold surface defects, 12
Fomblin 2, 145
Force fields, 174-180, 187-188, 196
parameters, 177
Formability tests, 158
Fourier tranform infrared spectroscopy, 356,
372
study of imidization, 372-373
Free volume, 64, 245, 249, 254, 256, 313
Freon, 49, 112-113

Gas permeability, 246

Gibbs free energy, 197

Gladstone—Dale equation, 159-160

Glass transition temperature, 25, 122-126, 259,
262-266

Global warming, 120

Gloss value, 159

Gordon-Taylor equation, 122-123

Group contribution methods, 214-215

HCFCs, 114, 117

Heat deflection temperature, 128
Heat of vaporization, 113

Helium plasmas, 70

Helix reversals, 174, 182, 185186
Hexafluoropropylene, 141

High performance insulators, 233
Hildebrand solubility parameter, 113, 115
Hydrolysis, 391-397

Hydrolytic stability, 391-397
Hydrophobicity, 250

Hysteresis, 58
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Imidization, 351, 361
Fourier transform infrared spectroscopic
studies, 356, 372
NMR spectra studies, 372
partial fluorination, 312-313, 318, 320
perfluorination, 292-294
UV spectroscopic studies, 372-373
Incubation pulses, 73
Inerting agents, 117
In-plane orientation, 356, 358
Integrated optics technology, 278
Intermolecular forces, 50-51, 56-57
Intrinsic viscosity, 353-355, 359
Inverse pole figure, 12, 14, 16
lonization potential, 284-285
IR dichroism, 17-21
Isopropyl alcohol, 113
Isothermal aging, 367-368
Isothermal crystallization, 126
Isothermal viscosity, 148—149

Kapton, 305, 313
Kratky—Porod chain model, 355

Lamellar crystals, 4, 8, 12

Laser ablation, 89-106

Lattice dynamics, 197

Line broadening, 17

Lower critical solution temperature, 138, 142

Magic angle spinning, 17
Mallard’s law, 15

Manbhattan project, 49

Mechanical relaxation, 203-209
Melting-point depression, 137
Melting-temperature depression, 126—128
Microfibrillar texture, 363-364
Microvoids, 31

Moisture curing, 151-152

Molar volume, 138-142

Molecular modeling, 173-188
Molecular orbital energy, 284
Montreal Protocol, 111
Multiphoton absorption process, 76

Nafion, 141

NMR spectra, 17, 392-396
4-fluoroaniline, 374-376
imidization studies using, 372
perfluorinated polyimides, 292-295

N-perfluoroalkenes, 140

Index

Nuclear magnetic resonance, 372, 397
advantages of technique, 373
application in imide/amic acid chemistry,
379-397
amic acid equilibria, 388-391, 397

amic acid isomer formation, 379-388, 397

solution hydrolysis, 391-397
NMR spectra, 392-396
experimental approach, 373-374
fluorinated model compounds, 374-379
instrumentation, 373
study of imidization, 372

Optical fibers, 277
Optical interconnects, 308
Optical interconnect technology, 278
Optical interference filters, 336-337
Optical loss, 321-328, 343-344
near-IR region, 326
visible region, 322
Optical polymers, 307-310

Optical transparency, 122, 127, 282, 309-310, 348

Optical waveguides, 340-347
fabrication of, 345

Optical waveplates, 337-339

Orientation factor, 362, 364

Ozone depletion, 111, 113, 119

Packing efficiency, 51, 59, 247, 254

p-catenation, 355

Pendant group, 365-366
Pentafluorodichloropropane, 114, 117
Perdeuteration, 282
Perfluoroalkyl-based polymers, 48, 58

carbon—fluorine bonding in, 50-52
Perfluoroalkylethyl alcohol, 49-50
Perfluorocarbons, 111-112, 137, 140-142

applications of, 112

as solvents in fluoropolymer dispersions,

112-115
mixtures and blends, 116-118
chemistry of, 112
carbon—fluorine bonding, 112

environmental considerations of, 119-120

gas solubility in, 118-119

inerting agents, 117

properties of, 112-113

solubility of, 111-115

uses of, 111-112
Perfluorohexane, 118-119
Perfluoropentane, 117-118
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Perfluoropolyethers, 145, 159
applications of 146
coatings, 146, 150-152, 160
chemical resistance, 165-167
optical properties, 159-165
surface properties, 159-165, 168
weatherability, 167
properties of, 145-146, 153-159
synthesis of, 146
Perfluoropolymers, see also Polymides
optical transparency of, 282
Perfluoropropylvinylether, 141
Persistence length, 355-356
Persoz hardness, 155, 158
Photochemical decomposition, 76
Photochemismdg,119
Photon irradiation, 70
Photothermal decomposition, 76
Planar zigzag, 173174, 176
Polarizability, 50-52, 64, 196-197, 199, 217,
254,331
Polarization, 193
Polyacrylates, 121
Polyimides, 64, 70, 75, 108, 220, 233, 371
applications of, 305-306
optical, 245,258, 307-310, 336348
primary requirement for, 309
models for study of reaction mechanisms,
373
aromatic, 81, 235, 305, 351, 355-357, 371
anisotropic structure of, 356-357
applications of, 351
fibers, 361-368
films, 356-361, 368
crystallinity of, 361-363
microelectronic applications, 360
properties of, 233, 351-352, 357
thin film properties, 357-361, 368
colorless, 307
conventional, 305-307
copolymers, 271
estimation of dielectric constants, 213-214
comparison of predicted vs. experimental,
220-228
group contribution methods, 214-215
overview of, 213-214
prediction of, 217-219
quantitative structure—property relation-
ships, 214-215
use of chemical graph theory, 215-217, 227
films, 287, 291-292, 295-297
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Polyimides (cont.)
general structure of, 233, 249
hydrolytic stability of, 391-397
imidization of, 351, 361, 372
nonfluorinated, 280, 299-300, 329-331
nuclear magnetic resonance studies, 372-397
partially fluorinated, 233, 298-300, 310
characteristics of, 313, 316
molecular structure, 314
copolymerization of, 317-321
fundamental properties, 318-321
property control, 317-318, 321
films, 316, 318, 325, 328, 336-338
properties of, 250, 314-317
dielectric constant 250, 316-317
optical, 245, 321-326
thermal expansion behavior, 314-315
thermal stability, 266, 3 15-316
water absorption, 261, 316, 318
synthesis of, 234, 310-321
high fluorine content, 310, 313-314
imidization, 312-313, 318, 320
polymerization, 312, 318
perfluorinated, 280-282, 297, 300, 307
characterization of, 290-291
degree opolymerization, 294
imidization, 292-294
NMR and IR spectra of, 292-295
properties of, 282, 295-300
effect on optical transparency, 280-283
electrical, 295, 300
mechanical, 298-299
optical, 280, 295-298, 300
thermal, 298-300
reactivity estimation, 283289
structure of, 282, 284, 288-289, 294
end-group content, 284-285, 288, 292
synthesis of, 283-295
polymerization of, 352-356
precursors, 312
repeat units, 220-223
solubility of, 352-354, 368
solution chemistry of, 371, 397
possible reactions and equilibria, 372
species identification, 373, 397
solvent—polymer interactions, 353
strain retention of fibers, 367-368
structure of, 361, 364
structure—property relationships, 244
B-transition, 266
dielectric properties, 245, 248, 250-256, 260
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Polyimides (cont.)
structure—property relationships (cont.)
electronic packaging, 246
evolution of, 246-250
free volume, 245, 249, 256
gas permeability, 246
generalizations, 250-271
glass transition, 259, 262-266
mechanical behavior, 245, 270-271
nonlinear optical effects, 246
optical properties, 245
radiation resistance, 246
reactivity, 245
solubility, 246
thermal stability, 246, 249-250, 266-269
water absorption, 245, 248, 259, 261-262
synthesis of, 233-235, 248
fluorinated, 235-244, 248, 250-271
evolution of properties, 246250
tensile properties of, 361, 365, 367
thermal stability of, 365-368
thermooxidative stability of, 367-368
two-step method of processing, 351, 371
use in optical telecommunication systems,
277-280
viscosity of, 353-355, 359
Polymer blends, 121-136
Poly(methyl methacrylate), 7379, 121-123,
127-131
excimer laser studies on, 73
visible-near-IR absorption spectra, 279
Polytetrafluoroethylene, 5-6, 25, 49, 54, 112,
137, 141, 282
annealing of, 6
cooling behavior of, 4, 6, 8-9, 11
copolymerization, 137
autogenous pressure conditions, 138—142
superautogenous pressure conditions, 142
use of solvents in, 137-138, 140-141
crystal orientation, 4, 7, 10, 17-21
cosine coefficients, 10
dislocation density, 11
peak-to-background ratio, 10
strain behavior, 10-22
tensile testing, 12—17
wide-angle x-ray diffraction studies, 10
density of, 6
doping of neat, 79-89
equilibrium melting temperature, 6
laser ablation of doped, 89-106
effect of dopant concentration, 89-98
modeling ablation rates of blends, 101-104

Index

Polytetrafluoroethylene (cont.)

laser ablation of doped (cont.)
optimizing absorption coefficient, 100-101
subthreshold fluence phenomena, 104-106
threshold fluence vs. absorption coeffi-
cient, 99-10
threshold fluence vs. absorption coeffi-
cient, 99-100
laser ablation of neat, 73—79
mechanical behavior, 4
effects of strain, 10-22
modes of slip, 4-5, 22
tensile tests, 12—17
microstructural issues, 3-5, 8, 21-22
molecular modeling, 173-175
dynamics simulations, 180—187
chain behavior, 180-187
energy profiles, 175-180
force fields. 175-180, 187188
structural considerations, 174, 187
morphology of, 12, 22
absorbance, 19-21
deformation, 16, 18-22
dichroic ratio, 18
effects of strain on, 12
fibrils, 12
fold surface defects, 12
overview of, 5-7
phase transformation, 6
polymer-solvent mixtures, 138-139
solubility of, 141-142
solution thermodynamics of, 137-138
crystallization behavior, 140
enthalpic interactions, 140—142
entrophy of mixing, 140, 142
phase diagram, 138, 140
structure—property relationships, 4, 21-22
types of, 8

Poly(tetrafluoroethylene-

cohexafluoropropylene), 69

Poly(tetrafluoroethylene-co-perfluorovinyl

ether), 69

Polyurethanes, 149-152, 156-158, 167
Poly(vinylidene fluoride), 121-122, 127, 191

blends with poly(methyl methacrylate), 121—
136
optimization studies on, 121-136
properties of, 122
mechanical, 128-131
optical, 127-128
weatherability, 131-134
coatings, 131-134
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Poly(vinylidene fluoride) (cont.)
compatibility with polymers, 121-122
crystallinity issues, 123-126, 136
effect of quenching, 122-124
thermal treatment, 124125
defects, 203-210
dielectric constant, 199-200
elasticity, 201-202
films, 195
glass transition temperature of, 122-126
historical perspectives on, 191-193
crystal phase behavior, 192-193, 205-207,
209
model of crystal polarization, 195-198
properties of, 191-192
mechanical relaxation, 203-209
molecular modeling of, 192-194, 209
atomistic models, 193
crystal structure, 195-198
dipole moment, 193, 195-199, 209
free energy of crystal, 196
lattice dynamics, 197
local electric field, 198-199, 209
material properties, 193—-194, 198-199
temperature effects on, 199-203
piezoelectricity, 199-201, 209-210
pyroelectricity, 199, 203-204, 209-210
state of polarization, 193, 195-198, 209
thermodynamic considerations, 192, 194
phase transition, 203-209
refractive index of, 127
Precursors, 312
Pyrene, 79, 82

Quantitative structure—property relationships, 4,
21-22, 214-215, 244
application to coatings, 145-168
Quasi-harmonic lattice dynamics, 197
Quenching, 122-124, 126

Radiation resistance, 246
Radical polymerization, 28
Refractive index, 52, 63-64, 127, 159, 215,
258, 260, 277-278, 309-310, 314,
321, 328, 346, 358-359
control of, 328-332, 348
Relaxation
B, 186, 266
conformational, 194
mechanical, 203-209
Repellency, 55-63
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Rigid rotation of lamellae, 15
Rotational diffusion, 186

Signal speed, 213
Silicones, 117-118
Sinter, 6
Solubility effects
in copolymerization of poly(tetrafluoroethy-
lene), 137-142
Solubility, 31, 36-38, 111-115, 118-119, 141-
142, 246, 352-354, 368
Solution crystallization temperature, 138, 140-141
Solution hydrolysis, 391-397
Solution melting point, 138
Solvent additives, 112
Solvent casting, 126
Solvent—solvent mixing, 142
Spherulite, 4, 12, 132
Steric hindrance, 289, 291
Strain behavior, 10-22
Strain-resistance coatings, 163—164
Stretching band, 281
Stretching vibration, 295, 327
Subthreshold fluence, 104-106
Superecritical fluids, 35-37
applications for coatings, 38—42
adhesives, 38
analysis/extraction of paint film, 38
cement hardening, 38
conformal coatings, 39
dry cleaning, 39
dyeing, 39
fractionation, 39
handling tetrafluoroethylene, 41-42
impregnation, 39
liquid spray, 39
microemulsions, 39
mixing/blending, 40
polymerization, 40
powder coatings, 41
powders from organometallics, 41
purification, 41
sterilization, 41
surface cleaning, 41
surface engineering of polymers by infu-
sion, 41
waste water treatments, 42
effects on polymer solubility, 36-38
overview of systems, 35
gases, 36-37
carbon dioxide, 36-37
xenon, 42-43
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Superecritical fluids (cont.) Thermodynamics, 192, 194
overview of systems (cont.) Thermooxidative stability, 268, 367-368
role of modifiers, 38 Thermoplastic, 125
temperature—pressure relationships, 36-37,  Thin-film coatings, 413; see also Coatings
42 gas permeation in, 31
water, 36 polyimides, 233, 287, 291-292, 295-297,
Surface excess, 62 316, 318, 325, 328, 336-338, 357-
Surface modification of polymers, 69-70, 106 361, 368
Surface tension, 51, 56-59, 61-63 poly(vinylidene fluoride), 131-134
air/material interface orientation, 59 Threshold energy, 76
concept of, 52 Threshold fluence, 99-100
frictional forces, 53-55 Torsional energy profile, 175, 266
Suspension polymerization, 8 Toughened plastics, 157
Symmetrical stretching, 356 Transmittancy, 159
Tribolgy, 54
Taber abrasion, 155 1,1,2 trichloroethylene, 116
Tack-free time, 150 Tripos force field, 175
Tan delta, 360 Twinning, 15
Teflon, 69-70, 112, 115, 282 Twist conformation, 300, 352
Teflon AF, 25

amorphous, 25-26, 29, 33
glass transition temperature, 25
gas permeation in thin films, 31
overview of, 25, 33
properties of, 28-33
chemical stability, 28
dielectric constant, 28-29

Uniaxial negative birefringence, 358-359
UV exposure, 131-134
UV radiation, 70, 74, 76
UV spectroscopy, 372
study of imidization, 372-373

glass transition temperature, 29 van der Waals volume, 219, 254

mechanical, 31 van der Waals interactions, 54

optical transmission, 29-30 Vibrational state, 193

refractive index, 29-30 Vibrational transition, 70

solubility, 31 Volatile organic compounds, 119

thermal conductivity, 29 Vydax, 112, 114

thermal stability, 28

UV tre.lnsmission in thin films, 29 Warren—Averbach procedure, 10

viscosity, 31-32 ‘ Water absorption, 245, 248, 259, 261-262, 306,

'volum'e coefficient of expansion, 29 313-314, 316, 318
spin-coating of, 31-32 Waveguides, 278-280, 300, 307-308, 310
structure of, 31 Weatherability, 131-134, 167

effect of microvoids, 31 Wide-angle X-ray diffraction, 10, 356

Tefzel, 141 Windows, 278

Telecommunication, 277-278, 307
optical applications of fluorinated
polyimides, 336-348
use of polymers in, 277-301
Tensile testing, 12—17
Tetrafluoroethylene, 25
Thermal imidization, 390-391 Zero-dispersion wavelength, 277
Thermal stability, 53, 246, 249-250, 266-269, Zero-ozone-depletion potential, 112
279, 299, 309, 348, 365-368 Zonyl, 49

Xenon, 42-43
X-ray diffraction, 10
X-ray photoelectron spectroscopy, 161-165



