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Atom-transfer radical addition (ATRA):
ESR analysis of radical polymerization,
104-105
metallo-dendrimer structures, 301
Atom transfer radical polymerization (ATRP),
ESR analysis:
basic principles, 102-105
chain length dependence, 105-111
controlled chain length models, 106—111
tert-butyl methacrylate, 105-106
chain transfer reaction, 111-119
chain length-dependent changes, 117-119
controlled chain lengths, 113-117
tert-butyl acrylate, 111-113
penultimate unit effect, 119-129
activation rate constants, 128—-129
dimeric model radicals, 124—128
monomeric model radicals, 122—-124
Attenuated total reflectance (ATR) FTIR,
acrylonitrile-butadiene-styrene
polymers, 249-250
Automotive paint technology, polymer coating
stabilization, 256258
Azobisisobutyronitrile (AIBN), photoinitiation
rate measurements, 265-269

Basis sets, stochastic Liouville equation:
calculation, 73-74
pruning, 78-79
symmetrization, 74
truncation parameters, 74—78
Best-fit values:
poly(2-hydroxyethyl methacrylate) segmental
mobility, 156-161
polystyrene segmental mobility, 150-155
Bioreduction rate, dendrimer structure, ESR
analysis, nitroxide spin labeling,
291-296
Bjerrum length, polyelectrolyte-counterion
interactions, 173-178
Bohr magneton, double resonance ESR, dipole-
dipole coupling, 28-29
Boltzmann relation, spin-labeled polymer
orientation, 65-68
Burgers-Korteweg-de-Vries theory, high-field
electron spin resonance, conductive
polymers, charge carrier relaxation and
dynamics, 320-326

Catalyst-coated membranes (CCMs), in situ ESR
experiments, fuel cell technology,
222-224
[2]Catenanes:
coconformation and motional modes, 178—182
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mesoscopic interfaces and nanostructure,
182-192
Cationic nitroxide spin probes:
dendrimer spin labeling, 291-296
dendrimer structure, ESR analysis, 284-289
Cetyl-trimethylammonium bromide (CTAB),
dendrimer structure, spin probe
analysis, 286-289
Chain conformation, polyelectrolyte-counterion
interactions, 174—178
Chain-end radicals, Nafion and Dow ionomers,
membrane-derived fluorinated radicals,
217-221
Chain length dependence:
dendrimer structure, ESR analysis, spin probe
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ESR analysis of radical polymerization,
105-111
chain transfer reactions, 117-119
controlled chain length models, 106-111
tert-butyl methacrylate, 105-106
Chain transfer reaction:
ESR analysis, radical polymerization,
111-119
chain length-dependent changes, 117-119
controlled chain lengths, 113-117
tert-butyl acrylate, 111-113
polymer coatings, photoinitiation rate
measurements, 268-269
Charge carriers, conductive polymers, high-field
ESR:
magnetic parameters, 310-317
relaxation and dynamics, 317-326
Charge transfer reactions, doped conductive
polymers, 326-328
Cobalt complexes, metallo-dendrimer structures,
300-301
Coherence:
electron-electron double resonance, 32-35
experimental techniques, 33-35
electron spin echo envelope modulation,
4649
Coil expansion, segmental mobility of polymer
radicals, 146147
Conductive polymers, high-field electron spin
resonance:
basic principles, 307-310
carrier relaxation and dynamics, 317-326
charge carrier magnetic parameters, 310-317
highly-doped charge transfer, 326-328
saturation transfer, 328-330
spin probes, 330-333
Cone distributions, spin-labeled polymer
orientation, 67-68
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Continuous-wave electron spin resonance
(CW-ESR):
anisotropic hyperfine interaction and g-tensor,
10-12
electron-electron double resonance, 32-33
macromolecular materials:
mesoscopic interfaces and nanostructure,
182-187
ionomers, 187-192
in solution, 171-182
[2]catenane coconformation and motional
modes, 178—-182
frozen solutions, 172-173
polyelectrolyte-counterion interactions,
173-178
solvent and temperature effects,
171-172
spin labeling:
research overview, 166—-167
strategies for, 167-168
spin probing:
amphiphilic probes, 170-171
hydrogen-bonding probes, 169
hydrophobic probes, 169
ionic probes, 169-170
strategies for, 168—171
multifrequency and high-field electron spin
resonance, 18
nitroxide line shape analysis, 138—-140
nitroxide magnetic tensors, 55-60
paramagnetic quencher accessibility, 14-15
pulsed methods, 18-22
Controlled chain length, ESR analysis of radical
polymerization:
model radicals, 106-111
tert-butyl acrylate radicals, 113-119
Copolymerization:
ESR analysis, penultimate unit effect, dimeric
model radicals, 128
mesoscopic ionomers, 188-192
polystyrene segmental mobility, 148—155
Copper complexes:
dendrimer structures, additions to, 296-299
membrane-derived fluorinated radicals in
Nafion, 215-221
Counterion-polyelectrolyte interactions,
solution-based macromolecules,
173-178
Counterions, Nafion and Dow ionomers,
membrane-derived fluorinated radicals,
215-221
Cross-linked coatings:
nitroxide kinetics and HALS stabilization,
272-276
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photoinitiation rate measurements:
nonweathered coatings, 267-269
weathered coatings, 270-272
Crystalline polymers, microtoming sensitivity,
250-251

Data analysis, electron spin echo envelope
modulation, 47-49
Davies electron-nuclear double resonance,
experimental techniques, 4142
D-band electron spin resonance, conductive
polymers:
charge carrier relaxation and dynamics, 317-326
magnetic parameters, 312-317
saturation transfer, 328-330
spin probe method, 330-333
Degradation processes, electron spin resonance
imaging of polymeric systems, 94-96
Dendrimer structures, ESR analysis:
basic properties, 279-282
metallo-dendrimers, 299-301
nitroxide spin labeling, 289-296
paramagnetic metal ion additions, 296-299
spin probes, 283-289
Density functional theory (DFT), membrane-
derived fluorinated radicals in Nafion,
220-221
Deuterated spin labels, nitroxide rotational
dynamics, 138-139
Diblock copolymers, mesoscopic ionomers,
188-192
Dibutyl phthalate (DBP), segmental mobility,
149-155
Dielectric permittivity, polyelectrolyte-
counterion interactions, 174—178
Diffusion-limited oxidation (DLO) regime:
acrylonitrile-butadiene-styrene polymers:
FTIR vs ESRI, 249-250
thermal aging, 239-241
electron spin resonance imaging:
polymeric systems, 95-96
spatially resolved degradation, 231-233
heterophasic propylene-ethylene copolymers,
thermal aging, 243-244
Diffusion models:
electron spin resonance imaging of polymeric
systems, 93-96
slow-motion ESR spectra, 60-63
Dilute solutions, nitroxide spin label dynamics,
140-141
Dimeric radicals, ESR analysis:
activation rate constants, 128—129
chain length dependence, 117-119
penultimate unit effect, 124—128
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Dimyristoylphosphatidylcholine (DMPC),
dendrimer structure, spin probe
analysis, 286289
Dioctyl phthalate (DOP), segmental mobility,
149-155
Dipole-dipole (DD) coupling:
conductive polymers, high-field ESR:
charge carrier relaxation and dynamics,
318-326
magnetic parameters, 313-317
spin probe method, 331-333
double resonance ESR methods, 27-29
electron spin resonance principles, 8-9
solution-based macromolecules, frozen
solutions, 172—-173
Direct computation techniques, electron-electron
double resonance, distance
distributions, 38—-39
Direct electron spin resonance, radical
intermediate detection, 204-206
Direct methanol fuel cell, membrane stability,
201-204
Director frame:
slow-motion ESR spectra, diffusion models,
61-63
spin-labeled polymer orientation, 63—68
Dispersion mechanisms, mesoscopic interfaces
and nanostructure, 183-187
Distance distributions, electron-electron double
resonance, direct computation, 38—-39
DMPO solution, in situ ESR experiments, fuel
cell technology, 224-226
Dodecyl-trimethylammonium bromide (DTAB),
dendrimer structure, spin probe
analysis, 286289
Doped conductive polymers:
charge carrier relaxation and dynamics,
317-326, 321-326
charge transfer reactions, 326-328
d orbital spin density, double resonance ESR, 31
Double electron-electron resonance (DEER):
[2]catenane coconformation and motional
modes, 179-182
experimental techniques, 33-35
mesoscopic ionomers, 189-192
polyelectrolyte-counterion interactions, 176178
Double resonance ESR methods:
basic principles, 2627
electron-electron double resonance, 31-39
basic principles, 31-33
distance distribution computation, 38—-39
experimental techniques, 33-35
scattering, form factor and structure factor,
35-38
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basic principles, 39-40
experimental techniques, 40-42
high-field ENDOR, 42-43
electron spin echo envelope modulation, 44-49
basic principles, 44
data analysis, 47-49
experimental techniques, 44-47
spin-spin couplings, 27-31
dipole-dipole coupling, 27-29
exchange coupling, 30
Fermi contact interaction, 30-31
spin density, p and d orbitals, 31
Dow ionomers, fluorinated radicals, 215-221
DOXYL nitroxides:
amphiphilic probes, 170-171
mesoscopic interfaces and nanostructure,
polymer lattices, 185—187
spin labeling and probing, 168
Dynamic electrostatic attachment,
polyelectrolyte-counterion interactions,
175-178
Dynamic light scattering (DLS), poly(2-
hydroxyethyl methacrylate) segmental
mobility, 159-161
Dysonian ESR spectrum, doped conductive
polymers, charge transfer reactions,
326-328

Echo-detected electron spin resonance:
anisotropic hyperfine interaction and g-tensor,
10-12
mesoscopic ionomers, 192
Electron-electron double resonance (ELDOR),
31-39
basic principles, 31-33
dipole-dipole coupling, 27-29
distance distribution computation, 38—-39
experimental techniques, 33-35
pulsed ESR methods, 19-22
scattering, form factor and structure factor,
35-38
weak coupling separation, 26
Electron-nuclear double resonance (ENDOR),
39-43
basic principles, 39-40
conductive polymers, 310
dipole-dipole coupling, 27-29
experimental techniques, 4042
high-field ENDOR, 4243
isotropic hyperfine analysis, 12
metallo-dendrimer structures, 300
multifrequency and high-field electron spin
resonance, 17-18
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pulsed ESR methods, 19-22
weak coupling separation, 26
Electron spin echo envelope modulation
(ESEEM), 44-49
basic principles, 44
conductive polymers, 310
data analysis, 47-49
dipole-dipole coupling, 27-29
double-resonance techniques, 27
experimental techniques, 44-47
multifrequency and high-field electron spin
resonance, 17-18
polyelectrolyte-counterion interactions,
175-178
pulsed ESR methods, 19-22
Electron spin resonance (ESR):
anisotropic hyperfine interactions and g-tensor,
10-12
basic principles, 3-9
environmental effects, 12—13
imaging studies:
basic principles, 85-87
polymeric systems, 93-96
spatially resolved degradation, 230-251
aged heterophasic polymers, 238-251
experimental protocols, 233-235
hindered amine stabilizers, 235-238
system components, 87-93
hardware requirements, 88—90
magnetic field gradients, 87-88
one-dimensional intensity profiling, 90-92
two-dimensional line shape profiling, 92-93
isotropic hyperfine analysis, 12
line shape analysis, tumbling nitroxide
radicals, 15-16
multifrequency and high-field methods,
16-18
paramagnetic quencher accessibility, 13—15
pulsed methods, 18-22
Electron Zeeman (EZ) interaction, basic
principles, 4-9
Elliot mechanism, conductive polymers, high-
field ESR, magnetic parameters,
314-317
Elongated spot distribution, spin-labeled polymer
orientation, 67-68
Energy potential, spin-labeled polymer
orientation, 65-68
Environmental effects, g-tensor and hyperfine
interaction, 12-13
EPRLL program:
available packages, 81-82
microscopic order-macroscopic disorder
model, 68-70, 69-70
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nonlinear least-squares analysis, 80-81
slowly relaxing local structure model (SRLS)
model, 70-73
slow-motional ESR analysis, 55
diffusion models, 62-63
nitroxide magnetic tensors, 59—-60
spin-labeled polymer orientation, 63—68
stochastic Liouville equation basis sets, 73-78
pruning, 78-79
Ether bridges, fuel cell membranes, 207-210
Euler angles:
nitroxide diffusion models, 62-63
spin-labeled polymer orientation, 64—68
Exchange coupling, dipole-dipole interactions, 30

Far-infrared (FIR) electron spin resonance
(ESR), polystyrene segmental mobility,
147-155
Fast internal motion (FIM) model, slow-motion
ESR spectra, 71-73
Fast-motional spectra, nitroxide line shape
analysis, 138139
Fenton media, fuel cell membrane stability,
202-204
direct ESR and spin trapping detection, radical
intermediates, 204-206
Fermi contact interaction, double resonance ESR,
30-31
Fermi velocity, conductive polymers, high-field
ESR, charge carrier relaxation and
dynamics, 324-326
Ferromagnetic exchange coupling, electron spin
responance principles, 8-9
Fluorescence analysis, polymer dynamics,
134-136
Fluorinated alkyl radicals:
Nafion membrane in Fenton media, 214-215
UV-irradiated Nafion and Dow monomers,
215-221
Fourier transform (FT):
electron-electron double resonance:
distance distributions, 38-39
form and structure scattering, 35-38
one-dimensional electron spin resonance
imaging, intensity profiling, 91-92
Fourier transform infrared (FTIR)
spectroscopy:
fuel cell membrane stability, 203-204
spatially resolved degradation, electron spin
resonance imaging, 233, 248-250
Free induction decay (FID), pulsed ESR
methods, 20-22
Free ions, polyelectrolyte-counterion
interactions, 173-178
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Free-radical reactions, polymer coating
photooxidation and stabilization,
257-260
nitroxide decay experiments, 263-265
Fremy’s salt dianion, polyelectrolyte-counterion
interactions, 174-178
Frozen solutions, solution-based
macromolecules, 172—-173
Fuel cells:
basic elements, 198-201
membrane stability, 201-204
future research issues, 224-226
Nafion membranes in Fenton media, 210-215
fluorinated alkyl radicals, 214-215
oxygen-centered radicals, 211-213
oxygen radical reactions, 206-210
in situ ESR experiments, 222-224
UV-irradiated Nafion and Dow ionomers,
215-221
fluorinated radical fragments, 217-221
radical intermediate detection, direct ESR and
spin trapping, 204-206

Gas voltaic battery, fuel cell technology, 198-201
Gaussian line shape analysis, nitroxide magnetic
tensors, 59-60
Gauss-Newton method, nonlinear least-squares
analysis, 80-81
Genetic algorithm, one-dimensional electron spin
resonance imaging, intensity profiling,
92
Gibbs free energy, fuel cell membrane stability,
203-204
Glass transition temperature:
mesoscopic interfaces and nanostructure,
polymer lattices, 183—187
solution-based macromolecules, frozen
solutions, 172—-173
spin labeling and, 167
Gradient coils, electron spin resonance imaging,
89-90
g-tensor:
anisotropic hyperfine interactions, 1012
conductive polymers, high-field ESR,
magnetic parameters, 311-317
electron spin resonance, basic principles, 4-9
environmental effects, 12—13
nitroxide magnetic tensors, 55-60
nitroxide rotational dynamics, 136-140

Hahn echo experiments, pulsed ESR methods,
20-22

Hamiltonian equations, electron spin resonance
principles, 4-9
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Hardware requirements, electron spin resonance
imaging, 88-90
Heterophasic polymers, electron spin resonance
imaging, spatially resolved
degradation, 230-251
aged heterophasic polymers, 238-251
poly(acrylonitrile-butadiene-styrene)
systems, 238-243
propylene-ethylene copolymers, 243-248
crystalline polymers microtome sensitivity,
250-251
experimental protocols, 233-235
FTIR comparison, 248-250
hindered amine stabilizers, 235-238
nitroxides derived from hindered amine
stabilizers, 235-238
Heterophasic propylene-ethylene copolymers
(HPEC):
photodegradation, 244-248
spatially resolved degradation:
basic properties, 233-235
ESRI vs. FTIR, 249-250
thermal aging, 243-244
High-field electron-nuclear double resonance
(ENDOR), basic principles, 4243
High-field electron spin resonance:
basic principles, 16—18
conductive polymers:
basic principles, 307-310
carrier relaxation and dynamics, 317-326
charge carrier magnetic parameters, 310-317
highly-doped charge transfer, 326-328
saturation transfer, 328-330
spin probes, 330-333
High-spin polycarbenes, dendrimer spin labeling,
290-296
Hindered amine stabilizers (HAS):
electron spin resonance imaging:
nitroxide derivation, 235-238
polymeric formation from HAS, 94-96
spatially resolved degradation, 230-233
heterophasic propylene-ethylene copolymers,
thermal aging, 243-244
polymer coating photooxidation and
stabilization:
basic properties, 257-258
ESR-based nitroxide concentration,
260-262
free-radical reactions, 259-260
nitroxide kinetics, 272-276
nitroxide measurements, 264
photoinitiation rate measurements:
nonweathered coatings, 269
weathered coatings, 272
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Houzé-Nechtschein model, conductive polymers,
high-field ESR, magnetic parameters,
313-317
Hydrogen bonding:
local polarity, 13
solution-based macromolecules, solvent and
temperature effects, 172
Hydrogen peroxide:
fuel cell membrane stability, 202-204
direct ESR and spin trapping detection,
204-206
Nafion membranes in Fenton media, 210-215
toluene sulfonic acid reaction, 207-210
UV-irradiated Nafion and Dow ionomers,
215-221
Hydroperoxyl radicals (HOOe):
fuel cell membrane stability, 202-204
Nafion membranes in Fenton media, 210-215
fluorinated alkyl radicals, 214-215
polymer coating photooxidation and
stabilization, 258260
toluene sulfonic acid reaction, 207-210
Hydrophobic probes, strategic applications, 169
2-Hydroxyethyl methacrylate (HEMA),
segmental mobility, 155-161
Hydroxyl radicals (HOe):
fuel cell membrane stability, 202-204
direct ESR and spin trapping detection,
204-206
toluene sulfonic acid reaction, 206210
Hyperfine interactions:
anisotropic parameters and g-tensor, 10—-12
dendrimer spin labeling, 289-296
double resonance ESR, 26-27
electron spin echo envelope modulation, 44-49
electron spin resonance, basic principles, 5-9
ESR analysis, radical polymerization:
chain length dependence, 117-119
penultimate unit effect, 123—-124
isotropic analysis, 12
Nafion and Dow ionomers, membrane-derived
fluorinated radicals, 217-221
nitroxide magnetic tensors, 55-60
pulsed ESR methods, 18-22
Hyperfine sublevel correlation (HYSCORE)
experiments:
double-resonance techniques, 27
electron spin echo envelope modulation, 4749
metallo-dendrimer structures, 300-301
pulsed ESR methods, 19-22

Imaging studies with ESR:
basic principles, 85-87
polymeric systems, 93-96
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system components, 87-93
hardware requirements, 88-90
magnetic field gradients, 87-88
one-dimensional intensity profiling, 90-92
two-dimensional line shape profiling, 92-93
“Immobilized” nitroxides, polymer coating
photooxidation and stabilization,
261-262
Infrared spectroscopy, photoinitiation rate
measurements, weathered coatings,
271-272
In situ electron spin resonance, fuel cell
membrane stability, 222-224
Intensity profiling, one-dimensional electron spin
resonance imaging, 90-92
Intercluster distance, mesoscopic ionomers,
188-192
Interpulse delay, electron spin echo envelope
modulation, 45-49
Tonic probes:
polyelectrolyte-counterion interactions, 174—178
Tonomers:
Dow ionomers, membrane-derived fluorinated
radicals, 215-221
mesoscopic interfaces and nanostructure,
187-192
Iron complexes:
metallo-dendrimer structures, 300-301
Nafion and Dow ionomers, membrane-derived
fluorinated radicals, 215-221
Isotropic values:
electron spin resonance:
basic principles, 5-9
hyperfine analysis, 12
hyperfine analysis, 12
membrane-derived fluorinated radicals in
Nafion, 218-221

J couplings, dipole-dipole interactions, 30

Ketone formation, polymer coating
photooxidation and stabilization,
photoinitiation rate measurements, 269

Kinetic models, polymer coatings, nitroxide
kinetics and HALS stabilization,
272-276

Kivelson theory, high-field electron spin
resonance, conductive polymers,
charge carrier relaxation and dynamics,
320-326

Kramers’ theory:

polymer dynamics, NMR and fluorescence
techniques, 134-135
polystyrene segmental mobility, 149-155
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K values, stochastic Liouville equation truncation
parameters, 76-78

Least-squares analysis, nitroxide magnetic
tensors, 57-60
Levenberg-Marquardt algorithm, nonlinear least-
squares analysis, 80-81
Ligand-to-metal charge transfer (LMCT), Nafion
membrane radicals in Fenton media,
210-215
Linear charge density, polyelectrolyte-counterion
interactions, 174-178
Line shape analysis:
[2]catenanes, 181-182
conductive polymers, high-field ESR,
magnetic parameters, 311-317
ESR spectrum calculations, 55
nitroxide magnetic tensors, 59-60
nitroxide rotational dynamics, 136-140
fast-motional spectra, 138—139
slow-motional spectra and ordering,
139-140
polystyrene segmental mobility, 150-155
tumbling nitroxide radicals, 15-16
two-dimensional spectral-spatial ESRI, 92-93
Liquid crystalline structures in dendrimers, 299
Longitudinal relaxation:
paramagnetic quencher accessibility, 14—15
pulsed ESR methods, 20-22
Lorentzian line shapes:
[2]catenanes, 181-182
conductive polymers, magnetic parameters,
315-317
nitroxide rotational dynamics, 138-139
polystyrene segmental mobility, 149-155
L values, stochastic Liouville equation truncation
parameters, 76-78

Macrocycle motion, [2]catenane coconformation
and motional modes, 179-182
Macromolecular materials:
dendrimer structures, ESR analysis:
basic properties, 279-282
metallo-dendrimers, 299-301
nitroxide spin labeling, 289-296
paramagnetic metal ion additions, 296-299
spin probes, 283-289
mesoscopic interfaces and nanostructure,
182-187
ionomers, 187-192
solution-based ESR, 171-182
[2]catenane coconformation and motional
modes, 178-182
frozen solutions, 172-173
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polyelectrolyte-counterion interactions,
173-178
solvent and temperature effects, 171-172
spin labeling:
research overview, 166-167
strategies for, 167-168
spin probing:
amphiphilic probes, 170-171
hydrogen-bonding probes, 169
hydrophobic probes, 169
ionic probes, 169-170
strategies for, 168—171
Magnetic frame, nitroxide spin labels, 61-62
Magnetic parameters:
conductive polymers, high-field ESR:
charge carriers, 310-317
spin probe method, 332-333
dendrimer structures, 302-303
electron spin resonance imaging, 87-88
membrane-derived fluorinated radicals in
Nafion, 218-221
one-dimensional electron spin resonance
imaging, intensity profiling, 90-92
Magnetic tensors, nitroxide labels, 55-60
Magnetic tilt angles, nitroxide magnetic tensors,
56-60
Manganese complexes, dendrimer structure, ESR
analysis, paramagnetic metal ion
additions, 297-299
Manning parameter, polyelectrolyte-counterion
interactions, 173—-178
Maximum dipolar time evolution, electron-
electron double resonance, 32-33
Membrane electrode assembly (MEA), fuel cell
technology, 198-201
Membrane stability, fuel cell technology, 201-204
future research issues, 224-226
Nafion membranes in Fenton media, 210-215
fluorinated alkyl radicals, 214-215
oxygen-centered radicals, 211-213
oxygen radical reactions, 206-210
in situ ESR experiments, 222-224
UV-irradiated Nafion and Dow ionomers,
215-221
fluorinated radical fragments, 217-221
Mesoscopic interfaces and nanostructure,
macromolecular materials, 182-192
ionomers, 187—-192
polymer lattices, 182—187
Metallo-dendrimers, ESR analysis, 299-301
Methacrylates, ESR analysis:
chain-transfer reaction, 111-119
penultimate unit effect, dimeric model
radicals, 124-128
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Micelle concentrations, dendrimer structure, spin electron spin resonance imaging, 87-88
probe analysis, 285-289 hindered amine stabilizers, 235-238
Microscopic order-macroscopic disorder spatially resolved degradation, 231-233
(MOMD) model: environmental effects on g-tensor and
nitroxide rotational dynamics, slow-motional hyperfine interactions, 12—-13
spectra, 140 heterophasic propylene-ethylene
poly(2-hydroxyethyl methacrylate) segmental copolymers:
mobility, 156-161 photodegradation, 244-248
polystyrene segmental mobility, 147-155 thermal aging, 243-244
slowly relaxing local structure model, 71-73 line shape analysis:
slow-motion ESR spectra, 68-70 rotational effects, 136—140
stochastic Liouville equation truncation fast-motional spectra, 138—139
parameters, 75-78 slow-motional spectra and ordering,
Microtoming sensitivity, crystalline polymers, 139-140
250-251 tumbling radicals, 15-16
Mims electron-nuclear double resonance, microscopic order-macroscopic disorder
experimental techniques, 41-42 model, 69-70
Minimum truncation set (MTS), stochastic polymer coating photooxidation and
Liouville equation, 75-78 stabilization:
basis set pruning, 78-79 decay experiments, 263-264
Molybdenum complexes, metallo-dendrimer ESR-based concentration, 260-262
structures, 301 free-radical decay kinetics and
Monomeric radicals, ESR analysis: photoinitiation rates, 264-265
activation rate constants, 128-129 HALS-stabilized sample preparation, 264
chain length dependence, 117-119 kinetics, 272-276
penultimate unit effect, 119-124 photoinitiation rate measurements:
Monte Carlo procedures, one-dimensional nonweathered coatings, 265-269
electron spin resonance imaging, weathered coatings, 269-272
intensity profiling, 91-92 UV exposures, 262-263
Motional modes: radical intermediate detection, spin trapping
[2]catenanes, 178—182 techniques, 205-206
Nafion membrane radicals in Fenton media, segmental dynamics, 140-141
211-215 spin labeling and probing:
Multifrequency electron spin resonance, basic TEMPO and PROXYL labels, 168-169
principles, 16-18 Non-Brownian diffusion models, slow-motional
ESR analysis, 62-63
Nafion: Nonlinear least-squares analysis (NLLS):
fluorinated radicals in UV-irradiated poly(2-hydroxyethyl methacrylate) segmental
compounds, 215-221 mobility, 156-161
fuel cell technology, 198-201 polystyrene segmental mobility, 148—155
radical intermediate detection, 205-206 slow-motional ESR, 79-81
radical species in Fenton media, 210-215 Nonweathered coatings, photoinitiation rate
Nanomaterials: measurements, 265-269
[2]catenane coconformation and motional Nuclear frequency spectrum, electron spin echo
modes, 178—-182 envelope modulation, 45—49
mesoscopic interfaces and nanostructure: Nuclear Overhauser effect (NOE) enhancements,
ionomers, 187-192 polymer dynamics, 134
polymer lattices, 182—187 Nuclear Zeeman (NZ) interaction, basic
Nelder-Mead search, nonlinear least-squares principles, 6-9
analysis, 80-81
Nickel catalysts, metallo-dendrimer structures, 301 Odijk-Skolnick-Fixman theory, polyelectrolyte-
Nitroxide compounds: counterion interactions, 174—178
anisotropic hyperfine interaction and g-tensor, Oligomeric radicals, ESR analysis, controlled
10-12 chain lengths, 109-111
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One-dimensional electron spin echo envelope
modulation, data analysis, 48—49
One-dimensional electron spin resonance
imaging:
basic components, 87-88
intensity profiling, 90-91
polymeric systems studied, 94-96
spatially resolved degradation, 232-233
aged heterophasic polymers, 238-251
Optimization techniques, one-dimensional
electron spin resonance imaging,
intensity profiling, 90-92
Orientational ordering:
nitroxide rotational dynamics, 139-140
poly(2-hydroxyethyl methacrylate) segmental
mobility, 156-161
polystyrene segmental mobility, 151-155
spin-labeled polymer orientation, 63—68
Oxygen centered radicals:
ESR analysis, controlled chain lengths,
116-119
Nafion membrane radicals in Fenton media,
211-215

Pair distance distribution function, electron-
electron double resonance, 35-38
Pake pattern, double resonance ESR, dipole-
dipole coupling, 29
PANI conductive polymer:
charge carrier relaxation and dynamics, 321-326
charge transfer reactions, 327-328
magnetic parameters, 314-317
saturation-transfer ESR, 329-330
Paramagnetic parameters:
conductive polymers, high-field ESR, 310
dendrimer structures, ion additions, 296-299
electron spin resonance principles, 8-9
ESR imaging studies, 85-87
quencher accessibility, 13—15
Pauli susceptibility, high-field electron spin
resonance, conductive polymers,
magnetic parameters, 315-317
Penultimate unit effect, ESR analysis, radical
polymerization, 119-129
activation rate constants, 128—129
dimeric model radicals, 124-128
monomeric model radicals, 122124
Persistence length, polyelectrolyte-counterion
interactions, 174—178
Phenoxyl radicals, toluene sulfonic acid reaction,
207-210
Photoacoustic (PA) FTIR spectroscopy,
acrylonitrile-butadiene-styrene
polymers, 249-250

JWUS_ESR-Schlick Index.gxd 8/5/2006 5:51 P@; Page 348

INDEX

Photodegradation:
acrylonitrile-butadiene-styrene polymers,
241-243
heterophasic propylene-ethylene copolymers,
244-248
FTIR spectroscopy, 249-250
Photoinitiation rate (PIR), polymer coating
photooxidation and stabilization:
free-radical reactions, 258-260
nonweathered coatings, free-radical decay
kinetics, 265-269
weathered coatings, 269-272
Photooxidation, polymer coating stabilization:
basic principles, 256258
free-radical processes, 258-260
nitroxide decay, 264-272
nitroxide concentration by ESR, 260-262
nitroxide decay sample preparation,
263-264
nitroxide kinetics and HALS stabilization,
272-277
ultraviolet exposures, 262-263
n-conjugated polymers, high-field electron spin
resonance, 308-310
w radicals, isotropic hyperfine analysis, 12
Platinum catalysts, in situ electron spin
resonance experiments, fuel cell
membrane stability, 222-224
Poisson-Boltzmann equation:
electron-electron double resonance, form
factor and structure factor in scattering,
36-38
polyelectrolyte-counterion interactions,
173-178
Polar angles, spin-labeled polymer orientation,
64-68
Polaron motion:
conductive polymers, high-field ESR:
magnetic parameters, 312-317
spin probe method, 331-333
high-field electron spin resonance, conductive
polymers, charge carrier relaxation and
dynamics, 321-326
Polyacetylene (PA), high-field electron spin
resonance, 308-310
Polyacrylates, ESR analysis, controlled chain
lengths, 116-119
Poly(acrylic acid) (PAA), segmental mobility,
141-147
Polyamidoamine (PAMAM), dendrimer
structure, ESR analysis, 280-282
nitroxide spin labeling, 291-296
paramagnetic metal ion additions, 296-299
spin probe techniques, 284-289
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Polybutadiene (PB), electron spin resonance
imaging, spatially resolved
degradation, 233-235

Poly(butylacrylate) (P(BA)), mesoscopic
interfaces and nanostructure, polymer
lattices, 183-187

Poly(butylmethacrylate) (PBA), mesoscopic
interfaces and nanostructure, 183—187

Poly(diallyldimethylammonium chloride)
(PDADMAC), polyelectrolyte-
counterion interactions, 174—178

Polyelectrolytes:

counterion interactions, solution-based
macromolecules, 173-178
segmental mobility, 141-147

Poly(2-hydroxyethyl methacrylate) (PHEMA),
segmental mobility, 141, 155-161

Polymer coatings, photooxidation and
stabilization:

basic principles, 256258
free-radical processes, 258-260

nitroxide decay, 264-272
nitroxide concentration by ESR, 260-262
nitroxide decay sample preparation, 263-264
nitroxide kinetics and HALS stabilization,

272-277

ultraviolet exposures, 262-263

Polymeric systems, electron spin resonance
imaging, 93-96

Polymer lattices, mesoscopic interfaces and
nanostructure, 182—-187

Poly(methacrylic acid) (PMA), segmental
mobility, 141-147

Poly(methyl methacrylate) (polyMMA) radicals:

ESR analysis, controlled chain lengths,
109-111
segmental mobility, 141-142

Polynucleotides, dendrimer structures, spin
labeled nitroxides, 293-296

Poly(propyleneimine) (PPI) dendrimer:

paramagnetic metal ion additions, 298-299
spin labeling with nitroxides, 289-296
spin probe analysis, 283-289

Polypropylenepolyamine dendrimer, spin probe
analysis, 283-289

Polypropylene (PP), spatially resolved
degradation, basic properties, 233-235

Polystyrene (PS), segmental mobility, 141,
147-155

Polythiophene, conductive polymers, high-field
ESR, magnetic parameters, 312-317

Population distributions, spin-labeled polymer
orientation, 65-68

p orbital spin density, double resonance ESR, 31
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Probe ordering, spin-labeled polymer orientation,
63-68
Projection slice algorithm, two-dimensional
electron spin resonance imaging, line
shape profiling, 92-93
Proton exchange membrane (PEM):
direct ESR and spin trapping detection, radical
intermediates, 205-206
fuel cell technology, 198-201
future research issues, 224-226
oxygen radical reactions, 210-215
stability in, 201-204
PROXYL nitroxides, spin labeling and probing,
168-169
dendrimer structures, 289-296
Pruning, stochastic Liouville equation basis sets,
78-79
Pseudo-spherical tensor components, nitroxide
magnetic tensors, 59—-60
Pulsed electron-electron double resonance:
experimental techniques, 33-35
form factor and structure factor in scattering,
35-38
mesoscopic ionomers, 189-192
Pulsed electron spin resonance:
basic principles, 18-22
dendrimer spin labeling, 290-296
metallo-dendrimer structures, 300-301
electron-electron double resonance,
33-35
DEER sequences, 33-35
Pump pulse, electron-electron double resonance,
31-33
bis[2-(2-Pyridyl)ethyl]-amine (PY?2) ligands,
dendrimer structures, paramagnetic
metal ion additions, 298-299
0-(4-Pyridyl-1-oxide)-N-tert butylnitrone
(POBN), in situ ESR experiments, fuel
cell technology, 223-225

Quadruople interaction, basic principles, 6-9
Quartet ESR spectra, Nafion and Dow ionomers,
membrane-derived fluorinated radicals,
216-217
Quasi-one-dimensional (Q1D) systems, high-
field electron spin resonance,
conductive polymers, 308-310
charge carrier relaxation and dynamics,
319-326
magnetic parameters, 315-317
Quenchers, paramagnetic, accessibility to, 13—-15
Quintet ESR spectra, Nafion and Dow ionomers,
membrane-derived fluorinated radicals,
215-221
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Radial distribution function, polyelectrolyte-
counterion interactions, 176-178
Radical intermediates:
direct ESR and spin trapping detection,
204-206
ESR imaging, 230-233
Radical polymerization. See also Free-radical
formation
ESR analysis:
basic principles, 102-105
chain length dependence, 105-111
controlled chain length models, 106-111
tert-butyl methacrylate, 105-106
chain transfer reaction, 111-119
chain length-dependent changes, 117-119
controlled chain lengths, 113-117
tert-butyl acrylate, 111-113
penultimate unit effect, 119-129
activation rate constants, 128—129
dimeric model radicals, 124—128
monomeric model radicals, 122124
Radical-radical collisions, dipole-dipole
interactions, 30
Relative anisotropy, line shape analysis, tumbling
nitroxide radicals, 15-16
Relaxation times:
dendrimer structures, 302-303
electron-electron double resonance, 32-33
high-field electron spin resonance, conductive
polymers, charge carrier relaxation and
dynamics, 321-326
mesoscopic ionomers, 191-192
Resonant radio frequency irradiation, electron-
nuclear double resonance, 40—42
Rhombic distortion:
poly(2-hydroxyethyl methacrylate) segmental
mobility, 156-161
polystyrene segmental mobility, 151-155
Rotational correlation time (7):
dendrimer structures:
paramagnetic metal ion additions,
298-299
spin probe analysis, 284-289
electron-electron double resonance, 33-35
electron spin echo envelope modulation, 4549
line shape analysis, tumbling nitroxide
radicals, 15-16
nitroxide line shape analysis, 136—140
nitroxide spin label dynamics, 140-141
polyelectrolyte-counterion interactions,
175-178
poly(2-hydroxyethyl methacrylate) segmental
mobility, 157-161
polystyrene segmental mobility, 152—155
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segmental mobility of polymer radicals,
145-147
solution-based macromolecules, solvent and
temperature effects, 171-172
Rotational diffusion frame:
nitroxide spin labels, 61-62
polyelectrolyte-counterion interactions, 174-178
slowly relaxing local structure model, 71-73
Ruthenium complexes, dendrimer structure, spin
probe analysis, 288-289

Saturation recovery, mesoscopic ionomers,
191-192
Saturation-transfer ESR (ST-ESR), conductive
polymers, 328-330
Scanning electron microscopy (SEM),
heterophasic propylene-ethylene
copolymers, 234-235
Schneider-Freed programs, nitroxide rotational
dynamics, slow-motional spectra,
139-140
Segmental mobility, solution-based polymer
dynamics:
NMR and fluorescence techniques, 134—135
spin-label electron spin resonance, 140-162
nitroxide spin labels, 140-141
poly(2-hydroxyethyl methacrylate),
155-161
poly(methacrylic acid) and poly(acrylic
acid), 142-147
poly(methyl methacrylate), 142
polystyrene, 147-155
Semiquinone radicals, hydroxyl radicals,
207-210
Single crystal samples:
anisotropic hyperfine interaction and g-tensor,
10-12
nitroxide magnetic tensors, 56—60
Site-bound ions, polyelectrolyte-counterion
interactions, 173—-178
Slowly relaxing local structure model (SRLS)
model, slow-motion ESR spectra,
70-73
Slow-motion ESR spectra:
nitroxide parameters, 55-73
diffusion models, 60-63
magnetic tensors, 55-60
microscopic order-macroscopic disorder
model, 69-70
slowly relaxing local structure model, 70-73
spin-labeled polymer orientation, 63—68
nitroxide rotational dynamics, 139-140
nonlinear least-squares analysis (NLLS),
79-81
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program availability, 81-82
stochastic Liouville equation basis sets, 73-79
calculation, 73-74
pruning, 78-79
symmetrization, 74
truncation parameters, 74-78
Small angle neutron scattering (SANS), electron-
electron double resonance, 35-38
Small angle X-ray scattering (SAXS):
electron-electron double resonance, 35-38
mesoscopic interfaces and nanostructure,
ionomers, 187-192
poly(2-hydroxyethyl methacrylate) segmental
mobility, 159-161
Solution-based macromolecules, 171-182
[2]catenane coconformation and motional
modes, 178—-182
frozen solutions, 172-173
polyelectrolyte-counterion interactions,
173-178
solvent and temperature effects, 171-172
Solution-based polymer dynamics, spin-labeled
ESR analysis:
basic principles, 134
nitroxide rotational effects, ESR line shapes,
136-140
fast-motional spectra, 138—139
slow-motional spectra and ordering,
139-140
NMR and fluorescence analysis, 134-136
segmental mobility, 134-135
segmental mobility, 140-162
nitroxide spin labels, 140-141
poly(2-hydroxyethyl methacrylate), 155-161
poly(methacrylic acid) and poly(acrylic
acid), 142-147
poly(methyl methacrylate), 142
polystyrene, 147-155
Solvent effects:
polymer coating stabilization, 256-258
polystyrene segmental mobility, 151-155
Spatially resolved degradation, electron spin
resonance imaging, 230-251
aged heterophasic polymers, 238-251
poly(acrylonitrile-butadiene-styrene)
systems, 238-243
propylene-ethylene copolymers, 243-248
crystalline polymers microtome sensitivity,
250-251
experimental protocols, 233-235
FTIR comparisons, 248-250
hindered amine stabilizers, 235-238
Spatial resolution, electron spin resonance
imaging, 87-88
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Spectral diffusion, pulsed ESR methods, 21-22
Spin density, double resonance ESR, 31
Spin diffusion, conductive polymers, charge
carrier relaxation and dynamics,
318-326
Spin labeling:
dendrimer structures, 289-296
macromolecular materials:
research overview, 166—-167
strategies for, 167-168
orientational ordering, 63—68
solution-based polymer dynamics:
basic principles, 134
nitroxide rotational effects, ESR line shapes,
136-140
fast-motional spectra, 138—139
slow-motional spectra and ordering,
139-140
NMR and fluorescence analysis, 134-136
segmental mobility, 134-135
segmental mobility, 140-162
nitroxide spin labels, 140-141
poly(2-hydroxyethyl methacrylate), 155-161
poly(methacrylic acid) and poly(acrylic
acid), 142-147
poly(methyl methacrylate), 142
polystyrene, 147-155
Spin-orbit coupling, environmental effects on g-
tensor and hyperfine interactions, 13
Spin probing:
conductive polymers, high-field ESR, 330-333
dendrimer structures, ESR analysis, 283-289
macromolecular materials:
amphiphilic probes, 170-171
hydrogen-bonding probes, 169
hydrophobic probes, 169
ionic probes, 169-170
strategies for, 168—171
mesoscopic interfaces and nanostructure,
polymer lattices, 183-187
Spin-spin couplings:
conductive polymers, high-field ESR:
magnetic parameters, 314-317
spin probe method, 331-333
double resonance ESR methods, 27-31
dipole-dipole coupling, 27-29
exchange coupling, 30
Fermi contact interaction, 30-31
spin density, p and d orbitals, 31
Spin trapping:
radical intermediate detection, 204-206
in situ ESR experiments, fuel cell technology,
224
Stabilization kinetics, polymer coatings:
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basic principles, 256-258
free-radical processes, 258-260
nitroxide decay, 264-272
nitroxide concentration by ESR, 260-262
nitroxide decay sample preparation, 263264
nitroxide kinetics and HALS stabilization,
272-277
ultraviolet exposures, 262-263
Starburst dendrimers, ESR analysis, 280-282
Steric hindrance, dendrimer structures, ESR
analysis, 280-282
Stochastic Liouville equation (SLE):
basis set:
calculation, 73-74
pruning, 78-79
symmetrization, 74
truncation parameters, 74-78
ESR spectrum calculations, 54-55
nitroxide rotational dynamics, slow-motional
spectra, 139-140
nonlinear least-squares analysis, 80-81
slow-motion ESR spectra, diffusion models,
60-63
Structure factor scattering, electron-electron
double resonance, 35-38
Styrene-acrylonitrile (SAN):
ESRI vs. FTIR, 249-250
spatially resolved degradation, 233-235
thermal aging, 241
Sulfonic acid groups:
fuel cell membrane stability, 202-204
oxygen radical reactions, 206-210
Superoxide radical anions, toluene sulfonic
reaction, 207-210
Supramolecular dendrimer complexes, spin
probe analysis, 284-289
Swept-field calculations, stochastic Liouville
equation basis set pruning, 78-79
Symmetrization:
poly(2-hydroxyethyl methacrylate) segmental
mobility, 156-161
polystyrene segmental mobility, 150-155
stochastic Liouville equation basis sets, 74

Teflon surfaces:
ESR imaging, spatially resolved degradation
studies, 230-233
in situ ESR experiments, fuel cell technology,
223-224
Temperature dependence:
conductive polymers, high-field ESR:
charge carrier relaxation and dynamics,
319-326
magnetic parameters, 312-317
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ESR analysis of radical polymerization,
controlled chain lengths, 108—111
poly(2-hydroxyethyl methacrylate) segmental
mobility, 156-161
polystyrene segmental mobility, 151-155
solution-based macromolecules, 171-172
TEMPO-4-carboxylate spin probe, strategic
applications, 170
TEMPOL probes, hydrogen-bond acceptors,
169
TEMPO nitroxides:
dendrimer structures:
spin labeling, 291-296
spin probe analysis, 284-289
hyprophobic probes, 169
mesoscopic interfaces and nanostructure:
ionomers, 187-192
polymer lattices, 184—187
polymer coating photooxidation and
stabilization, decay experiments,
263-264
spin labeling and probing, 168—169
TEMPO-4-phosphonooxylate spin probe,
strategic applications, 170
Territorially bound ions, polyelectrolyte-
counterion interactions, 173—-178
tert-Butyl acrylate radicals, ESR analysis:
chain length dependence, 117-119
controlled chain lengths, 113-119
penultimate unit effect, 119-129
tert-Butyl methacrylate (tBMA), ESR analysis:
chain length dependence, 105-106
controlled chain lengths, 106-111
7,7,8,8-Tetracianoquinodimethane (TCNQ), spin
probe analysis, 283-289
Tetrathiafulvalene (TTF), dendrimer spin
labeling, 291-296
Thermal aging:
acrylonitrile-butadiene-styrene polymers,
238-241
heterophasic propylene-ethylene copolymers,
243-244
Tikhonov regularization, electron-electron double
resonance, distance distribution
computation, 38-39
TIN 440/770/292 compounds, nitroxide kinetics
and HALS stabilization, 273-276
Titanium complexes, Nafion membrane radicals
in Fenton media, 210-215
fluorinated alkyl radicals, 214-215
Toluene, segmental mobility of polymers in,
149-155
Toluene sulfonic acid, oxygen radical reactions,
206-210

e



JWUS_ESR-Schlick Index.gxd 8/5/2006 5:51 P@; Page 353

INDEX 353

Trajectory method, ESR spectrum calculations, Vanadium catalysts, Nafion membrane radicals in

54-55
Transition metal ions:
dendrimer structures, additions to, 296-299
metallo-dendrimer structures, 299-301
electron spin resonance principles, 7-9
fuel cell membrane stability, 202-204
Nafion and Dow ionomers, membrane-derived
fluorinated radicals, 215-221
Triarylmethyl (TAM) trianion radical,
polyelectrolyte-counterion interactions,
178
Truncation parameters, stochastic Liouville
equation basis sets, 74—78
Turning points, nitroxide magnetic tensors, 57—60
Twisted boat configuration, nitroxide magnetic
tensors, 57-60
Two-dimensional electron spin resonance imaging:
line shape profiling, 92-93
spatially resolved degradation, 232-233
aged heterophasic polymers, 238-251
Two-dimensional electron-spin transient nutation
(2D-ESTN), dendrimer spin labeling,
290-296
Two-pulse echo decay, mesoscopic ionomers,
191-192

Ultraviolet (UV) radiation:
electron spin resonance imaging, spatially
resolved degradation, 232-233
Nafion, membrane-derived fluorinated
radicals, 215-221
polymer coating stabilization:
basic principles, 256-258
experimental protocols, 262-263
free-radical reactions, 259-260
Urethane coatings, photoinitiation rate
measurements, 271-272

Fenton media, 211

Vanadyl complexes, dendrimer structures,
paramagnetic metal ion additions,
298-299

Viscosity dependence, polystyrene segmental
mobility, 151-155

Weathered polymer coatings, photoinitiation rate
measurements, 269-272

Weighting factors, stochastic Liouville equation
basis set pruning, 78-79

Wigner rotation matrix, polystyrene segmental
mobility, 148-155

X-ray photoelecron spectroscopy (XPS), Nafion
membrane stability, 201

X-ray powder diffraction (XRD), Nafion
membrane stability, 201

Zeeman interaction:
basic principles, 4-9
dipole-dipole coupling, 27-29
electron-nuclear double resonance, 40
electron spin echo envelope modulation,
44-49
electron spin resonance imaging, 89-90
high-field electron-nuclear double resonance,
43
Zero-field splitting (ZFS):
dendrimer structure, ESR analysis:
paramagnetic metal ion additions, 297-299
electron-electron double resonance, 31-33
electron spin responance principles, 8-9
multifrequency and high-field electron spin
resonance, 17-18
Zwitterionic diblock copolymers, mesoscopic
ionomers, 189-192
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