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Amorphous fibers, orientation in, 421 
 Amorphous layer between lamellae, 322  
Amorphous polymer, morphology of, 484  
Amorphous regions, crosslinking in, 493  
 diffusion through, 491 
 in crystalline polymers, 505 
Amylose spherulites, 226, 304  
Annealing, 311 
 crystallization from glassy state, 261, 366 
 decrease in long period during, 319, 366 
 effect of defects, 325 
 of heating rate, 319, 340, 369 
 of retained solvent, 330, 336 
 of substrate, 327 
 on melting point, 367 
 in liquids, 315 
 in solvents, 315, 320 
 isothermal at crystallization temperature, 321 
 of deformed polymer, 357 
 of drawn films, 475 
 of drawn material, 452 
 of drawn polytetrafluoroethylene, 439  
 of fibers, 425, 475 
 of glassy polymers, 261, 366 
 of hedrites, 343 
 of oligomers, 99 
 of single crystals, 311 
 of spherulites, 344 
Atactic molecules, definition, 2 
 segregation of, 271 
Axialites. See Hedrites 
 
Band model, 509 
Birefringence, of drawn fibers during annealing, 458 
 of hedrites from melt, 204 
 of hedrites from solution, 192 
 of polypropylene spherulites, 266  
 of single crystals during annealing, 318 
 of spherulites, 228, 266, 274, 286  
Blown films, structure of, 465  
Bragg extinction. See Electron microscopy, Bragg extinction  
Branching, effect on fold period, 344  
Bromine, effect on crystals, 495  
Bulk polymer. See Spherulites  
Bundles. See Packets, Clusters, and Fringed micelle 

 
Cellulation, 240, 258, 272 
Cellulose, crystal structure, 42  
Cellulose esters, single crystals, 171 
Cellulose triacetate, crystal structure, 42 
 single crystals, 171 
Chemical potential, 376 
Chemical reactivity, 495 
Chemical repeat units, 16 



Chlorine, effect on crystals, 495  
Clusters, free energy of formation, 376  
 in liquid state, 376 
 in polymer melt, 6 
Cohesive energy, 2 
Configuration, definition, 15 
 See crystal structure under individual polymers 
 

* Page numbers in boldface type refer to chapter or section titles. Page numbers in italics refer to portions of the 
text in which the subject is discussed or mentioned on several successive pages. Roman numerals refer to individual 
pages. Although effort has been made to cross-reference the index, it is recognized that reference from one part to 
another is not always complete and, therefore, when feasible, subjects should be looked up under several different 
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547



548 SUBJECT INDEX 
 
Conformation, definition, 15 
 See crystal structure under individual polymers  
Copolymers, lamellar crystallization, 417  
Corrugations, development during annealing, 329 
 electron diffraction, effect on, 120  
 formation of, 119, 132, 134, 329 
 in polyethylene crystals, 111,115, 121, 329 
 observation is suspension, 121 
 See also Striations 
Crosslinking, 493 
Crowdion, 340 
 See also Point dislocation 
Crystal lattice, incorporation of 
 branches, 100 
 incorporation of defects, 99, 100, 255, 392 
 incorporation of molecular end, 99, 255 
 strain in, 393, 401 
Crystal orientation, retention during melting, 216 
Crystal structure, definition of, 14 
 of polymers, 28, 513 
 See Unit cell and under individual 

polymers  
Crystallites. See Fringed micelle model  
Crystallization, continuous, 10, 231, 268 
 copolymers, 417 
 critical temperature, 414 
 epitaxial, see Epitaxial crystallization from concentrated solution, 200 
 from glassy state, 231, 261, 294 
 glass transition temperature, effect of, 261 
 impurities, effect of, 272  
 intramolecular, 400 
 isothermal, 255, 344, 359 
 isothermal change in fold period, 284, 394 
 of oriented, crosslinked polymer, 454  
 orientation imposed by, 465 
 phase change during, 286 
 rate, effect of temperature, 6 
 theory of, 389 
 secondary, 240, 359 
 theory of, 375 
Crystallographic symbols, 11 
 
Dark field microscopy. See Electron microscopy, dark field 
Defects, contribution to mechanical loss, 503 
 effect on annealing, 325 
 on fold period, 346 
 on heat of fusion, 392 
 on melting point, 393 
 formation of, 504 
 in melt crystallyzed polyethylene, 339  
 in polyethylene single crystals, 338  
 introduction during annealing, 337  
 motion of, 340, 504 
 orientation of, 338 



 See also individual polymers, Point dislocation, Edge dislocations, Screw dislocations, Vacancies, and Voids 
Deformation. See Orientation, Drawing, and individual polymers 
Degradation by electron beam. See Electron beam degradation 
Dendritic crystals, 139 
 See Single crystals, dendrites; Polyethylene dendrites 
Density, changes during annealing of spherulites, 358 
 of crystalline polymer, 3 
 of polymer crystals, calculation of, 22 
 of polymer melt, 3 
Dielectric loss, 502 
Diffraction. See X-ray diffraction, Electron diffraction, and Light diffraction 
Diffusion, of gases and liquids, 491 
 surface, 392 
Dislocations, motion during drawing, 439  
 motion during rolling, 459 
 in nylon, 462 
 See Edge dislocations, Screw dislocations, and Point dislocation  
Drawing, changes in molecular orientation during, 421 
 line, 422, 428, 431 
 of single crystals, 441 
 of spherulites, 272, 427 
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 uniform, 422, 439  
 See also Orientation 
 
Edge dislocations, 163 
Electron beam degradation, 24, 197  
 polyethylene crystal structure, 126  
 polytetrafluoroethylene dispersion part;icles, 481 
Electron diffraction, 10 
 composition of patterns, 108, 136  
 corrugations, effect of, 120 
 forbidden reflections, 120 
 from cellulose triacetate, 173 
 from drawn single crystals, 448 
 from flat polymer crystals, 14 
 from hollow pyramids, 126, 136 
 from nylon 6, 83, 108, 167 
 from polycarbonate, 265 
 from polyethylene, 83, 108, 120 
 from poly-4-methyl-pentene-1, 178  
 from polypropylene, 215 
 from polytetrafluoroethylene dispersion particles, 481 
 from single crystals, 83 
 from twins, 107 
 observation of, 71 
 orders of reflections, 108 
Electron microscopy, 68 
 annealed single crystals, 311 
 annealed spherulites, 348 
 Bragg extinction, 73, 111, 125 
 bright field, 68 
 dark field, 71, 85, 122 
 hollow pyramid collapse, effect of, 136  
 polyethylene crystals, 111 
 spiral growths, 125 
 truncated crystals, 138 
 electron diffraction. See Electron diffraction 
 Moire patterns, 111, 162 
 of spherulites, 232 
 drawing of, 427 
 staining, 276 
 techniques, 68  
Electronic properties, 507  
Energy. See Total energy, Free energy, and Potential energy of chain in lattice 
Epitaxial crystallization, on fibers, 444  
 on polymer crystals, 153 
 on salt, 102 
Etching of spherulites, 356 
Ethyl cellulose, single crystals, 171  
Extended chain lamellae, 255, 258 
 
Fibers, annealing of, 425, 475  
 branching of, 273 
 diffraction patterns, 16 
 drawn from single crystals, 443  



 formation during rolling, 464  
 formation of, 103, 168, 176, 273  
 "hedgerow," 445 
 in spherulites, 225, 227, 235, 240  
 micellar structure, 9 
 molecular orientation in, 421 
Fold domains, definition, 106  
 electron diffraction from, 108, 136  
 formation of, 142 
 in twins, 107 
 labeling of, 106,151 
 thermal stability, 105,312 
Fold domain boundary, 151 
Fold packing, 127,129, 139, 143, 151  
 nonadjacent re-entry, 417 
 surface strain, cause of, 259, 401 
Fold period, average va1ue, 390  
 branches, effect of, 344 
 change during isothermal crystallization, 359, 394, 400 
 decrease after annealing, 315 
  during annealing, 319 
 defects, effect of, 346 
 equilibrium, 386, 398 
 fluctuations in, 321, 398 
 in nucleus, 385 
 increase during annealing, 311  
 molecular weight, effect of, 344  
 uniformity of, 127 

Fold planes, cohesion between, 103, 134  
 definition, 103 
 displacement between, 127, 129, 137  
 growth rate, 389 
 nucleation rate, 389 
 orientation of, 106 
 packing of folds in, 127, 132, 143 
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 pinned, 142, 146 
 shear between, 135 
Fold surface, definition, 106 
 in hollow pyramids, 125 
Folding of molecules, 80, 83,102  
 conformation of, 133 
 direction of, 102 
 improper folds, 103, 106, 146, 155  
 molecular weight, effect of, 99  
 nonadjacent re-entry, 417  
 theoretical calculations, 375, See also Theory of folding 
Form birefringence, 266 
Fracture, of bulk polymer, 239, 250 
 of oriented nylon, 463 
 of single crystals, 103, 442 
 of spherulitic polyethylene, 250, 427  
 of spherulitic polyoxymethylene, 436 
Fracture surfaces, of polyamides, 274 
 of polyethylene, 250 
 of polyoxymethylene, 239 
Free energy, barrier, 377, 384 
 density, calculation of, 402 
 of chain in lattice, 413 
 of free chain, 405 
 edge, 384 
 of coherent secondary nucleus, 388  
 of fold surface, 380, 395,414 
 of fringed micelle crystals, 383 
 of lateral surface, 380, 395 
 of molecule clusters, 376 
 surface, for primary nucleation, 384 
 for secondary nucleation, 389 
Free volume, 3, 498, 501  
Freeze-drying, 195 
Fringed micelle model, 7 
 free energy of, 383 
 geometric impossibility of, 487 
 in spherulites, 231 
 mechanical loss for, 503 
 nucleation rate for, 388 
 
Ghost images, 73 
Glass transition temperature, 497  
 definition, 3 
 effect of lamellar structure, 497 
 effect on crystallization, 261  
 measurement of, 3, 497 
Glassy polymers, annealing of, 261, 366 

micellar structure, 9  
Globules, 167, 176, 353, 484  
Growth faces, 103,104 

 re-entrant, 142, 146 
Gutta-Percha, crystal structure, 53 
 hedrites, 80, 208 



 birefringence, 193  
 from solution, 189  
 from the melt, 201 
 oval structures, 201 
 single crystals, I 
 sperulites, 9,226,231,268,293  
  "square," 201 
 
Halogenation, 495 
Hedrites, 189 
 annealing of, 343 
 crystal orientation, 192,204 
 definition, 189 
 from solution, 189 
 from the melt, 201 
 incorporation of defects, 223  
 nucleation, 223 
 nucleus structure, 233 
 See also hedrites under individual polyr 

mers 
Helical structure method, 19 
Hollow pyramids, 108 
 collapse of, 145 
 dendritic, 140, 144 
 formation of, 400 
 in spherulites, 230 
 slope, measurement of, 119 
 spiral growths on, 159 
See also Single crystals, hollow pyramids, and hollow pyramids under individual polymers Hydrogen bonds, 2 
 in single crystals, 105 
 
Imperfections in polymer crystals, 22; 
 see also Defects 
Improper folds. See Folding of molecules. 
 improper folds 
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Impurities, segregation of, 146; see also 

Atatic molecules, and Cellulation  
Interfacial crystallization, 176 
Intermolecular forces, 1 
Internal friction. See Mechanical loss  
Interstitial atoms, 500  
Intramolecular forces, 1 
Isotactic, 2 
 
Kink bands, 462  
Kinking, 439 
 
Lamellae, cohesion between in hedrites, 198 
 extended chain, 255, 258 
 in blown film, 468 
 in single crystals, 79 
 primary, 206, 234 
 secondary, 234 
 tertiary, 236, 261 
 See also Single crystals 
Lamellae from glassy state, 262 
Lamellae from melt, bonding between, 238  
 effect of temperature on thickness, 89  
 spiral growths, 291 
 See also Single crystals, from the melt, and single crystals and spherulites under individual polymers 
Lamellae from solution. See Single crystals, and single crystals under individual polymers 
Lamella thickness, change during crystallization, 240, 284 
 effect of branching, 256 
 effect of temperature, 255 
 in polyethylene spherulites, 251 
 in polyoxymethylene spherulites, 240 
  long period, relation to, 257, 282 
Lamella twisting, 235, 248, 270 
 cause of, 259, 273, 393, 401 
 during drawing, 441 
Libration amplitude, effect of periodic 
 potential, 406 
 of chain in lattice, 412 
 of tree chain, 405 
Light diffraction, from ringed spherulites, 229 
 spherulites, see also Spherulites, light diffraction 
Light scattering, during spherulite growth, 231 

from spherulites 242 
Liquid crystals, 303 
Liquids, packets in, 485 
Low molecular weight material, segregation during annealing, 327, 352 
 
Maltese cross, 226 
variations in, 229 
 zigzag structure, 281, 295 
Mechanical loss, 502 
Melt crystallized polymer, See Spherulites  
Melting during annealing, 318, 360 
Melting point, 5, 501 



 determination of, 367 
 effect of annealing on, 367 
 equilibrium, 339, 367  
 observed, 368, 394 
 of fold domains, 312 
 theory of, 393 
Mobility of molecules, 204, 206, 262, 265  
Moire patterns. See Electron microscopy, Moire patterns 
Molecular motion, 502, 504 
 as function of temperature, 3 
 below Tg, 262 
 during annealing, 327, 329, 339 
 in crystals, 402 
 in polymer melts, 5 
 rotation during annealing, 311 
 See also Libration, Mobility of molecules, and Vibration amplitude 
Molecular packing, 15; see also crystal structure under individual polymers 
 Molecular weight, 1 
 dendritic crystals, effect on, 140 
 effect of, 80, 95, 171 
  on fold period, 88, 344 
 fractions, use of, 95, 98, ?53 
 hollow pyramids, effect on, 136 
Molecules, conformation in folds, 102, 133  
 folding of, 80, 83, 102 
 inclusion of ends in crystals, 99, 392  
 occluded, 392 
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Necking. See Drawing, line 
Negative resistance, 508 
Nonadjacent re-entry, 417 
Nuclear magnetic resonance, 333, 502 
 effect of retained solvent, 336 
 of temperature, 4 
 melt crystallized polyethylene, 4, 333, 339 
 orientation effects, 338 
 polyethylene, 4, 333  
 polyoxymethylene, 343  
 polytetrafluoroethylene, 4 
 single crystals, 333 
Nucleation, effect of substrate, 206 
 heterogeneous, 225 
 homogeneous, 225 
 of fold planes, 142, 146,379 
 of hedrites, 206, 223 
 of lamellae in spherulites, 237 
 of single crystals, 101 
 of spherulites, 223, 230, 234 
 primary, theory of, 376 
  kinetic theory of, 383 
 secondary, 268,273,318 
  kinetic theory of, 388 
  rate of, 389 
  theory of, 379 
 theory of, 376 
Nucleation rate, 378 
 of fringed micelle crystals, 388 
 in kinetic theory, 387 
Nucleus, critical size, 377 
 definition, 377 
 fold period of, 385 
 secondary, 379 
  coherent, 388 
  noncoherent, 393 
 stability of, 378 
Nucleus structure, of hedrites, 206, 233 
 of spherulites, 223, 225, 233, 246, 280 
 pits, 233, 234 
 Nylon, deformation of, 461 
 ribbons, 84 
 slip in, 462 
Nylon 6, crystal structure, 34  
 dendrites, 146, 168 
 electron diffraction, 83, 167 
 globules, 167 
 iodine-treated, 38, 167 
 oligomers, 99 
 single crystals, 81, 165 
  annealing of, 333 
  deformation of, 103 
  effect of hydrogen bonds, 105  
  election diffraction from, 108  



  striations on, 127 
  thickness of, 105 
 spherulites, from melt, 276 
  from solution, 167 
Nylon 7, crystal structure, 38 
 single crystals, 169 
Nylon 8, crystal structure, 39 
 single crystals, 169 
  from melt, 278 
  striations on, 127 
Nylon 11, spherulites, 278 
Nylon 57, single crystals from melt, 278 
Nylon 66, crystal structure, 29 
 single crystals, 169 
 spherulites, 277 
Nylon 610, crystal structure, 33 
 fold plane orientation, 105 
 ribbons, 105 
 single crystals, 170 
 spherulites, 278 
  crystal orientation in, 228 
 
Occluded molecules, 159 
Oligomers, crystallization of, 99 
Optical microscopy, crystal observation in suspension, 121, 161, 195 
 dark ground, 85, 121, 125 
 hedrite observation in solution, 197  
 interference microscopy, 74  
 spherulites, 227 
  drawing of, 427 
  growth, 225 
  structure, 225 
Orientation, 421 
 annealing of drawn material, 452  
 crystallization imposed, 465 
 density changes during, 437 
 during rolling, 458 
 during drawing, of single crystals, 441  
  of spherulites, 427 
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 wide angle x-ray diffraction, 421 
  during annealing, 452 
 small angle x-ray diffraction, 423 
  during annealing, 452 
Oriented polymer, theory of crystal length in, 416; see also Theory -of folding, thermodynamic  
Ovals, nucleus structure, 233 
Overgrowths, 158 
 nucleation of, 379 
 on hedrites, 197 
 on polypropylene spherulites, 269  
Oxidation, 495 
 
Packets, in amorphous polymers, 484 
 in crystalline polymers, 487 
 in liquids, 485 
 See also Bundles, Clusters, and Fringed micelle model 
Paracrystalline lattice, 23 
Partition function, of free chain, 405 
 of chain in lattice; librating chain, 412 

vibrating chain, 408 
Phase boundary, 151 
Physical properties, 491 
Pleats, in cellulose triacetate crystals, 173  
 in nylon 6 crystals, 168 
 in polyethylene crystals, 111, 113 
 origin of, 134 
Point dislocation, 340 
Polyacrylic acid, crystal structure, 28 
 single crystals, 164 
Poly acrylonitrile, crystal structure, 29 
 fibers, 421 
 single crystals, 165 
 spherulites, 274 
Polyamides, crystal structure, 29 
 ribbons, 149 
 single crystals, 165 
  shape of, 100 
  from melt, 278 
 spherulites, 231, 274 
 See also individual nylons 
Polybutene, crystal structure, 39 
 single crystals, 171 
 spherulites, 171, 280 
Polycarbonate, crystal structure, 40 
 crystallization from glassy state, 261  
 spherulites, 281  
Polychlorotritluoroethylene, crystal structure, 44 
 crystallization from glassy state, 265  
 isothermal fold period change, 394  
 lamella thickness, 282 
 mechanical loss, 504 
 melting point, 368 
 single crystals, 174 
 small angle x-ray diffraction, 258  



 spherulites, 281 
 surface free energy value, 396  
Polydioxolane, crystal structure, 44 
 spherulites, 284 
Polyesters, crystal structure, 45 
 globules, 176 
 single crystals, 174 
 spherulites, 174, 287 
 See also individual polymers 
Polyethylene, annealing; of drawn films, 475 
 See also Polyethylene single crystals annealing of; Polyethylene spherulites, annealing of 
 blown films, 465 
 branched; fold period, 344 
  lamellae in, 243 
  single crystals, 88, 99 
  spherulites, 243 
 critical temperature, 414 
 crosslinking of, 493 
 crystal mats, 109, 190 
 crystal structure, 50 
  effect of branches, 50 
  effect of temperature, 50, 504  
  monoclinic, 52, 450 
 crystallization by solvent evaporation, 176 
 deformation; twinning, 459 
  unit cell change, 51, 450 
 See also Orientation  
 diffusion, 492  
 drawing of, 421, 461 
  blown films of, 467 
 drawn; annealing of, 452 
  small angle x-ray diffraction, 423 
  temperature, effect of, 425, 453 
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 effect of halogens, 495 
  of pressure, 99 
 electron diffraction, 83 
  from drawn polymer, 448  
 electronic properties, 507  
 epitaxial crystallization; on fibers, 444 
  on polymer crystals, 153 
  on salt, 102 
 extruded films, 466 
 fibrils, 435 
 fold conformation, 102, 133 
 folded molecules of, 102 
 fracture of, 250 
 fracture surfaces, 258 
 isothermal fold period-change, 394 
 line drawing, 431 
 mechanical loss, 504 
 melting point, 371, 395 
 morphology of as-polymerized, 479  
 nuclear magnetic resonance, 4, 333  
 orientation of, 421 
 point dislocation, 341 
 polymerization, 479 
 quenched, 251 
 radial faults, 248 
 relaxation, 453 
 ribbons, 149, 253, 258, 353 
 rolled up crystals, 190, 200 
 rolling of, 458 
 slip, 458 
 small angle x-ray diffraction, 89, 255  
 solubility temperature, 395 
 spiral growths, 153 
  rotation oflamellae in, 161 
 surface free energy, value of, 395 
 twinning, growth, 107,147 
 uniform draw, 439 
 See also Polyethylene dendrites, Polyethylene hedrites, Polyethylene hollow pyramids, Polyethylene single 
crystals, and Polyethylene spherulites 
Polyethylene dendrites, 95, 139, 150, 189  
 crystallization temperature, effect of, 140  
 dark field microscopy, 144 
 formed during drawing, 441 
 fracture of, 442 
 growth during polymerization, 479 
 growth mechanism,142 
 hollow pyramidal structure, 140, 144  
 observation in suspension, 141  
 rolling up of, 190 
 secondary dendrites, 144 
 splaying of lamellae, 161, 196 
 star shaped,150 
 tertiary dendrites, 145 
Polyethylene hedrites, 189 



 annealing of, 343 
 birefringence, 193 
 crystal orientation, 197  
 detachment replicas, 197 
 fibrous structure, 192 
 from solution, 189 
 observation in solution, 197  
 overgrowths, 197 
Polyethylene hollow pyramids, 108  
 collapse of, 134,177, 442  

corrugated structure, 121 
 dark field microscopy, 138  
 description of, 125, 151 
 effect of molecular weight, 136 
 fold packing in, 129 
 non-flat-based, 121, 132 
 optical microscopy,121 
 slope of, 125, 132 
 spiral growths on, 125, 159  
 structure, retention of, 119  
 truncated crystals, 138  
Polyethylene single crystals, 80, 176 
 annealing of, 311 
  effect of substrate, 327 
  in liquids, 315 
  in solvents, 315 
 Bragg extinction lines, 111  
 branches, incorporation of, 99 
 contraction of, 190 
 corrugations, 111, 115, 324, 329  
 critical temperature, 414 
 crystal orientation, 150 
 dark field microscopy, 111, 122  
 defects in, 338 
 deformation of, 89, 103, 441  
 dendrites, see Polyethylene dendrites  
 description of, 151 
 drawing of, 441 
 effect of branching, 88 
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  of concentration, 94  
  of electron beam, 27 
  of molecular weight, 88, 95, 140  
  of pressure, 99 
  of solvent, 87, 94, 100 
  of temperature, 87 
  of temperature change, 89,158 
 electron diffraction from, 108  
 folding of, 119 
 fracture of, 442 
 growth faces, 103 
 growth rate, 90 
 hollow pyramids, see Polyethylene 

hollow pyramids 
 intersecting, 195 
 isothermal annealing, 321 
 Moire patterns, 111, 162 
 needlelike, 176 
 observation in suspension, 121,195  
 overgrowths, 158, 379  
 paddle-wheel-like, 195 
 pleats, 111, 113 
 rosettelike, 196 
 saddle-shaped, 137 
 shape of, 90, 100, 112, 125, 326  
 small angle x-ray scattering, 311  
 spiral growths, 143, 153 
 splaying, see Polyethylene dendrites, 
 splaying 
 star-shaped, 150 
 thickness of, 87, 98, 414 
  uniformity of, 129 
 truncated, 90, 312 
 twinning, growth, 107, 147 
 x-ray diffraction from, 109  
Polyethylene spherulites, 225, 226, 243 
 annealing of, 339, 344 
 boundary structure, 248 
 crystal orientation in, 229, 249, 261  
 defects in, 339 
 drawing of, 427 
 effect of nucleation, 245 
  of temperature, 250 
 fracture of, 250 
 from solution, 200, 259 
 growth during polymerization, 479  
 lamella thickness, 251 
 lamella twisting, 244, 248 
  during drawing, 441 
 melting of, 371 
 non-banded spherulites, 252 
 nucleus structure, 246 
 ring structure, 244, 249 
 screw dislocations in, 246, 261 



Polyethylene adipate, crystal structure, 45  
 ring structure, 245 
 spherulites, 245, 248, 288 
Polyethylene azelate, crystal structure, 45 
 spherulites, 248, 288 
Polyethylene oxide, crystal structure, 52  
 hedrites, 208 
 oval structures, 205 
 single crystals, 177 
 spherulites, 225, 227, 291 
Polyethylene terephthalate, annealing of, 360, 366 
 crystal structure, 46 
 crystallization from glassy state, 261  
 diffusion, 492 
 drawn; annealing of, 455 
  small angle x-ray diffraction from, 455 
 spherulites, 289 
  crystal orientation in, 228 
  from glassy state, 261 
Poly-4-methyl-pentene-l, crystal structure, 56 
 dendrites, 179 
 fold packing, 139 
 hedrites, 209 
 hollow pyramids, 127, 139 
 single crystals, 178 
  annealing of, 311, 333 
  spherulites, 293 
Poly--y-benzyl-L-glutamate spherulites, 303 
Polyhexamethylene terephthalate, crystal structure, 47 
 ribbons, 84 
 single crystals, 290 
 spherulites, 290 
Polyisoprene, crystal structure, 53 
 See Rubber, and Gutta-Percha 
Polymer crystals. See Single crystals, and single crystals under individual polymers 
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Polymer crystal structure, 28, 513  
Polymer melts, structure of, 3 
Polymer molecules, 1 
 configuration, 15 
 conformation, 15 
 length of, 1 
 packing of, 15 
  weight of, 1 
Polymer solutions, structure of, 3  
Polymerization, as single crystals, 79, 479 
 of polyethylene, 479 
 of polyoxymethylene, 479 
 of polytetrafluoroethylene, 481 
Polymerized polymer, morphology of, 479  
Poly-oxa-1,4-bis (dimethylsilylene) benzene spherulites, 293 
Polyoxymethylene, crystal structure, 57  
 dendrites, 146 
 drawing of, 436 
 fibrils, 436 
 fibrous structure, 192 
 films, 467 
 fracture surfaces, 239 
 hollow pyramids, 127 
  fold packing, 139 
 internal cracks, 205, 236 
 oval structures, 201; see also Polyoxymethylene hedrites 
 point defects, 343 
 polymerization, 479 
 small angle x-ray diffraction, 240  
 spiral growths, 155 
  rotation of lamellae in, 161  
Polyoxymethylene hedrites, annealing of, 343 
 birefringence, 192, 204 
 crystal orientation, 195,204 
 fibrous structure, 192 
 fracture of, 204 
 from melt, 201 
 from solution, 189 
 nucleus structure, 206, 233 
 substrate, effect of, 206 
 temperature, effect of, 204, 206 
Polyoxymethylene single crystals, 146, 180, 469 
 annealing of, ,333 
 growth during polymerization, 79, 479 
 molecular weight, effect of, 98 
 shape of, 100 
 substrate, effect of, 157 
Polyoxymethylene spherulites, 232  
 annealing of, 363 
 boundary structure, 238 
 effect of temperature, 232, 238, 240  
 lamella thickness, 240 
 nucleus structure, 233 
 radial cracks, 236 



 ring structure, 242 
Polypentaglycol terephthalate, crystal structure, 49 
 single crystals, 291 
 spherulites, 291 
Polypeptide spherulites, 303 
Polypropylene, birefringence, 266 
 cracks in, 266 
 crystal structure, 57 
 dendrites, 218 
 effect of temperature, 266 
 electron diffraction, 215 
 hedrites, 211 
 lamellae from melt, 212, 269 
 melting point, 268 
 needlelike structures, 270  
 overgrowths, 269 
 quenched, 270 
 ribbons, 216 
 single crystals, 181 
  from the melt, 211 
 spherulites, 231, 266 
 spherulite deformation, 272 
 woven structure, 215 

Polystyrene, crystal structure, 63  
 crystallization from glassy state, 294  
 fibrous structure, 182, 192 
 hedrites, 209 
 single crystals, 182 
  from the melt, 211 
 spherulites, 294 
Polytetrafluoroethylene, annealing of drawn, 439 
 crystal structure, 65 
 dispersion based polymer, 297  
dispersion particles, morphology of, 481  
drawing of, 437 
electron diffraction, 483, 487 
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 fibrils, 435 
 granular, morphology of, 484 
 granular polymer, 297 
 nuc1ear magnetic resonance, 4  
 polymerization, 481 
 rolling of, 463 
 single crystals, 183 
  from melt, 300 
 spherulites, 294 
 striations, 295 
 x-ray diffraction, 4 
Polyurethane, annealing of, 366  
 annealing of fibers, 455 
 crystal structure, 66 
 crystallization from glassy state, 261  
oligomers, 99 
sma1l angle x-ray diffraction, 265, 455  
spherulites, 265, 303, 366 
Potential energy of chain in lattice, chains at rest, 407 
 librating chains, 409 
 vibrating chains, 408 
Premelting, 4, 504 
Pressure, effect on single crystals, 99 
Primary lamellae. See Lamellae, primary  
Proteins, spherulites, 303 
 
Radioactive tracers, use of, 271  
Recrystallization, 311 
 in kinetic theory, 381 
 in low molecular weight materials, 502  
 in polypropylene spherulites, 268 
 in thermodynamic theory, 382  
 isothermal, 240, 284 
 of hedrites, 204 
 See also Annealing 
Redrawing of polyethylene, 427, 440  
Relaxation of drawn material, 425, 435, 453 
Repeat distance, 16 
Repeat unit, 16 
Replicas, detachment, 197 
Replication, 69 
Ribbons. See Single crystal, ribbons; Spherulites, ribbons; and ribbons under individual polymers  
Ro11ing, 458 
Rubber, crystal structure, 53  
 spherulites, 226, 293 
 
Screw dislocations, 99, 104, 153 
 in crystal growth, 378 
 in hedrites, 206 
 in single crystals, 81 
 in spherulites, 234 
 See also Spiral growths 
Secondary lame1lae. See Lame1lae, secondary 
Sheafs, 196, 201, 206, 223, 225, 233, 265, 280, 281, 295 



Shear between fold planes, 450; see also Slip 
Single crystals, annealing of, 311 
 Bragg extinction lines, 111 
 dark field microscopy, 111  
 dendrites, 139 
  formation of, 400 
  splaying of lamellae, 161 
  See also dendrites under individual polymers 
 description of, 106, 151 
 drawing of, 441 
 effect of branches, 99 
  of concentration, 94 
  of pressure, 99 
  of molecular weight, 95, 171 
  of solvent 87, 94, 100, 174 
  of substrate 101, 157 
 electron diffraction from, 83  
 electronic properties, 507 
 free energy of formation, 379  
 freeze-drying, 195 
 from solution, 79 
 from the melt; polyamides, 278  
  polypropylene, 211 
  polystyrene, 211 
  polytetrafiuoroethylene, 300 
 growth by solvent evaporation, 87, 176  
 growth faces, 104 
 growth of, 87 
 growth rate; effect of defects, 393  
  temperature dependence, 391 
  theory of, 389 
hollow pyramids, 85, 108 
interatomic forces, 379 
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 interfacial crystallization, 176 
 internal strain, 102 
 intersection of, 155 
 Moire patterns, 111 
 needle-like, 176, 225 
 nucleation of, 101 
 overgrowths, 158 
 polymerization as, 79, 479 
 ribbons, 81, 84, 105, 149, 165, 170  
 rotation of lamellae in, 161, 168  
 sectors, see Fold domains 
 shape of, 100, 104 
 skeletal, 90, 333 
 spiral growths, 153 
 striations, 168, 169, 173, 184 
 thickness, 87 
  effect of branching, 88 
  effect of deformation, 89, 135 
  effect of growth temperature, 87  
  effect of molecular weight, 88, 98  
  effect of pressure, 99 
  effect of solvent, 87 
  effect of temperature changes, 89, 179  
 of oligomers, 99 
 uniformity of, 129 
 twinning, 107, 147 
 unit cell, 108 
 See also single crystals under individual polymers 
Slip, lamellar, 436, 441 
 Slip, molecular, during compression, 462 
 during drawing, 437 
 during pyramid collapse, 135, 145 
 during rolling, 458 
Slip. See also Shear between fold planes  
Slow growth line, 146, 156 
Small angle x-ray diffraction, 67 
 annealed single crystals, 311 
 annealing of drawn polymers, 452  
 annealing of spherulitic polymer, 344  
 drawn polymers, 423 
 from melt-grown lamellae, 255, 282  
 from spherulites, 232 
 orientation in spherulites, 249, 258  
 polyethylene, 89 
 polyoxymethylene, 240 
 slit corrections, 257 
Solubility, 491 
Solubility temperature theory of, 393  
Solvent retention, during annealing, 330, 336 
 effect on crosslinking, 495 
 in crystal mats, 315 
Spherulites, 9, 223 
 "amorphous" pockets in, 240  
 annealing of, 344 



 band structure, see Spherulites, ring structure 
 birefringence, 226, 228 

 zero;274,286 
 boundary cracks, 266 
 boundary structure, 238, 248 
 conical shape, 230 
 continuous crystallization in, 231  
 crystal orientation, 226, 227  
 crystallization from glassy state, 294  
 defect content, 239 
 deformation, 272, 427 
 double ring structure, 287, 289 
 drawing of, 427 
 electron microscopy, 232 
 fibrous structure, 10, 225, 227, 229, 243, 248, 273, 277, 294, 295 
  cause of, 235 
  formation of, 240, 272 
 fracture surfaces, 274, 295 
 from melt, see topics under Spherulites, and spherulites under individual polymers 
 from solution, 224, 226, 259,276, 277, 284,293,295 
 growth, 224 
  effect of impurity on, 225 
  effect of viscosity on, 225 
  from crystalline phase, 230 
  from glassy state, 261 
  light transmission, change in, 231,  
  observations of, 225, 231 
  quenching of, 231, 289 
  secondary crystallization during, 240 
 growth front of, 238 
 growth mechanism, 234, 240, 272  
 growth rates, 294 
 growth rate; effect of, 238 
  theory of, 389 
 hollow pyramid structure, 230 
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 homogeneous nucleation, 225  
 heterogeneous nucleation, 225 
 lamella twisting, 235, 244, 288, 401 
 light diffraction from, 229, 293, 303  
 light scattering from, 242 
 liquid crystals, 303 
 low molecular weight materials, 225  
 Maltese cross, 229 
 molecular orientation, see Spherulites, crystal orientation; also spherulites under individual polymers 
 needle-like structures, 270, 293  
 nucleation mechanism, 234 
 nucleation of, 223, 230 
 nucleus structure, 223, 225, 233, 246, 280  
 optical microscopy, 227 
 optical properties, 225 
 phase change in, 286 
 radial cracks, 227, 236, 242, 249, 266, 286, 288, 293 
 radial faults, 230, 248 
 ribbons, 253, 258, 276, 278, 290 
 ring structure, 226, 229, 244, 268, 274, 287, 289 
  cause of, 226, 248, 259 
  crystal orientation in, 229, 249 
  light diffraction from, 229 
  period of, 226, 229 
 screw dislocations in, 234, 261  
 secondary nucleation, 269 
 small angle x-ray diffraction, 232 
  orientation of, 249, 258 
 "square," 201 
 substrate, effect of, 230 
 thin films, 227 
 tie molecules, 239 
 uniform crystal structure in, 231, 266  
 voids, see Spherulites, radial cracks; and Spherulites, boundary cracks  
 x-ray diffraction from, 226, 227 
 zigzag Maltese cross, 229 
 See also spherulites under individual polymers 
Spiral growths, 101, 153 
 dark field microscopy, 125 
 formation of, 143, 236 
 from glassy state, 264 
 from the melt, 212, 270, 291 
 intersecting crystals, 155 
 on hollow pyramids, 125, 159 
 on spherulites, 261 
 origin, 149, 153 
 rotation of, lamellae in 161, 168 
 See also Screw dislocations 
Staining, 276 
Starch spherulites, 226, 304 
Strain in fold surfaces, 259 
Striations, development during annealing, 324 
 on oriented polypropylene, 216 
 on polytetrafluoretleylene bands, 295  



 on single crystals, 127, 168, 169, 173, 184  
 See also corrugations 
Subcell, 108 
Substrate, effect of, 157 
Swelling, 491 
Switchboard model, 417 
Syndiotactic, 2 
 
Tactic, 2 
Temperature, critical, 314, 414 
Tertiary lamellae, see Lamellae, tertiary  
Theory of folding, 375 
 critical temperature, 414 
 fluctuation, 390, 398 
 kinetic, 375, 383 
  assumptions, 397 
  comparison with experiment, 395          
  fluctuations, 398 
  melting point, 393 
  parameters, numerical value, 395  
  primary nucleation, 383 
  secondary nucleatron, 388 
  summary, 380 
  temperature range of application, 415 
 nonadjacent re-entry, 417 
 standing wave, 416 
 thermodynamic, 375, 402 
  chain in a lattice, 406 
  comparison with experiment, 413  
  free chain, 403 
  summary, 381 
  temperature range of application, 415 

twisted molecule, 416 
Thermal expansion, 497 
Tie molecules, 239 
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Total energy, of free chain, 403 
 of chain in lattice; librating chain, 412 
  vibrating chain, 407  
Transcrystalline, 465 
Transitions, 497 
Transition temperature for annealing, 313, 

334,344 
Trioxane, polymerization of, 479  
Twinning, 99 
 definition, 147 
 deformation, 439, 448, 459 
 during growth, 107, 147 
 
Unit cell, 14 
 definition for polymers, 108 
 See also crystal structure under individual polymers 
 
Vacancies, 500 
Vibration amplitude, of chain in lattice, 408 
 of free chain, 405 
 periodic potential, effect of 406  
Voids, in drawn material, 434, 437, 499 
 in fibers, 424 
 in spherulites, 357; see also Spherulites, boundary cracks and radial cracks  
Volume indicatrix, 22 

 
Whiskers, 226 
Wide angle x-ray diffraction, 10 
 during annealing of oriented polymers, 452 
  of single crystals, 318 
  of spherulites, 358 
 effect of molecular motion, 3 
 from crystal mats, 109 
 from hedrites, 195 
 from hollow pyramids, 126 
 from oriented polymers, 421 
 from polymers, 7 
 from spherulites, 226, 227 
 
X-ray diffraction. See Wide angle x-ray diffraction, Small angle x-ray diffraction 
Xylan, crystal structure, 44 
 single crystals, 183 
 
 


