SUBJECT INDEX

Absorption studies, time-resolved X-ray
diffraction, 15-16
Acoustic horizon, laser-heated liquid
hydrodynamics, time-resolved X-ray
diffraction, 20-22
Activation energy theories, polymer glass
formation, 192—-197
cooperatively rearranging regions, 198-203
elastic modulus model, 195-198
Lindemann criteria, 198—199
Schweitzer-Saltzman theory, 193-195
Adam-Gibbs (AG) equation, polymer glass
formation:
configurational entropy and relaxation,
152-160
cooperatively rearranging regions, 160—162,
198-203
equilibrium polymerization, 199-200
universality, 201-203
entropy production, 132, 135-137
fragility parameter, 168-175
future research issues, 204-210
pressure characteristics, 189—192
strengths and weaknesses, 139-141
structural relaxation times, 186189
temperature identification, 162—164
Aging phenomena, cooperatively
rearranging regions, glassy dynamics,
102-104
Angell plots, polymer glass formation, entropy
production, 131-132
A priori probability, nonequilibrium
fluctuations, path thermodynamics,
79-82
Arrhenius behavior, polymer glass formation:
configurational entropy, 158—160
fragility measurement, 211-212
fragility parameter, 171-175

structural relaxation times, 188—189
temperature effects, 129-131
temperature identification, 163-164
Atom-atom distribution functions, time-resolved
X-ray diffraction, 12-15
Atomic force microscopy (AFM):
glassy dynamics, cooperatively rearranging
regions, 98-99
single molecule force experiments, 6671
Atomic motion “filming,” time-resolved X-ray
diffraction, 11-12
absorption and diffraction studies, 16-18
Average cluster dimensions, polymer glass
formation, cooperatively rearranging
regions, 202-203

Balance equations, cooperatively rearranging
regions, glassy dynamics, 101-104
Barrier height, polymer glass formation,
alternative activation energy, 193—-197
Bayes formula, fluctuation theorem, stochastic
dynamics, 43
Bead trapping:
nonequilibrium fluctuations, 55-64
single molecule force experiments, 69-71
Bennett’s acceptance ratio method,
nonequilibrium fluctuations, 75-77
Bias, path thermodynamics, large deviation
functions, 95-98
Boltzmann-Gibbs ensemble theory,
nonequilibrium transient state, 49-52
Born-Oppenheimer equation, time-resolved
X-ray diffraction, long time signals,
10-11
Boundary term:
fluctuation theorem, stochastic dynamics,
47-49
nonequilibrium steady state systems, 54-55
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Boundary term: (continued)
path thermodynamics, work/heat distribution
computation, 88-90
steady state transitions, 63—64
Brownian motion, polymer glass formation,
elastic modulus structural relaxation,
195-196
Buchenau relation, polymer glass formation:
elastic modulus structural relaxation, 196
Lindemann criteria, 196-197

Cantilever effects, single molecule force
experiments, 69-71
Carbon chain structures, polymer glass
formation, configurational entropy,
159-160
Causality, path thermodynamics, work/heat
distribution computation, 88-90
Cavitation, gold nanoparticles in water, time-
resolved X-ray diffraction, 23-24
Chain stiffness, polymer glass formation:
side group size, 183-185
temperature identification, 162-164
Charge-coupled detector (CCD), time-resolved
X-ray diffraction:
basic principles, 3—4
signal sources, 5
Colloidal systems:
nonequilibrium fluctuations, 34-36
polymer glass formation, Schweizer-Saltzman
activation energy theory, 193-195
Compton scattering, time-resolved X-ray
diffraction, data and noise reduction,
6-7
Conditional probabilities, fluctuation theorem,
stochastic dynamics, 47-49
Configurational entropy:
cooperatively rearranging regions, glassy
dynamics, 103-104
polymer glass formation, 136-137, 154-168
Adam-Gibbs relation, 152-154
cooperatively ranging regions, 160—162
cooperatively rearranging regions, 199-203
free volume vs., 175-178
future research issues, 205-210
Gibbs-DiMarzio (GD) approach, 137-139
pressure and volume characteristics,
164-168
temperature dependence, 154-160
temperature identification, 162—164

SUBJECT INDEX

polymer melts:
glass formation, 143-150
lattice cluster theory:
one-bending energy model, 145-147
two-bending energy model, 148—150
Constant values, polymer glass formation,
configurational entropy and
relaxation, 156-160
Control parameters:
fluctuation theorem, stochastic dynamics,
microscopic reversibility, 44—45
free energy recovery, 71-74
single molecule force experiments, 6671
Cooperatively rearranging regions (CRRs):
glassy dynamics, 98-112
free energy landscape, 105-106
intermittency, 106-112
phenomenological model, 100-104
polymer glass formation, 197-203
Adam-Gibbs theory:
equilibrium polymerization, 199-200
limitations, 140-141
equilibrium polymerization, 203
future research applications, 209-210
size and crossover temperature properties,
201-203
temperature dependence, 160-162
temperature effects, 200-201
Crooks fluctuation theorem (CFT):
Bennett’s acceptance ratio method, 75-77
free energy recovery, 71-74
nonequilibrium transient state, 51-52
path thermodynamics, 80-82
work/heat distribution computation, 84-86
single molecule force experiments, 66—71
Crossover temperature values:
polymer glass formation:
cooperatively rearranging regions,
201-203
molar mass-dependence, 166—168
polymer glass formation, fragility parameters,
170-175

Data reduction, time-resolved X-ray diffraction,
5-7
Death process, path thermodynamics, work/heat
distribution computation, 85-86
Debye-Waller factors, polymer glass formation:
elastic modulus structural relaxation, 196
free volume entropy, 176-178
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Delta function, path thermodynamics, work/heat
distribution computation, 87-90

Density functional theory (DFT), polymer
glass formation, integral equations,
134-135

Density of states theory, polymer melt glass
formation, 143-150

Detectors, time-resolved X-ray diffraction, 5

Difference signal, time-resolved X-ray
diffraction, 9-10

laser-heated hydrodynamics, 21-22

Differential fragility, polymer glass formation,
objective measurement, 211-212

Diffraction studies, time-resolved X-ray
diffraction, 15-16

Diiodoethane photodissociation, time-resolved
X-ray diffraction, 20

Diiodomethane photodissociation, time-resolved
X-ray diffraction, 18-20

DNA stretching, single molecule force
experiments, 65-71

Elastic modulus structural relaxation model,
polymer glass formation, 195-196
Electrical circuit, bead trapping example,
56-64
Electron number density, time-resolved
X-ray diffraction, 9
Elongation, molecular machines,
nonequilibrium fluctuations, 37-39
Entropic droplets theory, polymer glass
formation, integral equations, 135
Entropy density, polymer glass formation,
157-160
Entropy theory:
bead trapping example, 60-64
cooperatively rearranging regions,
configurational entropy, 103-104
fluctuation theorem, stochastic dynamics,
4749
Galiliean transformations, noninvariance,
64
nonequilibrium fluctuations, path
thermodynamics, 77-82
nonequilibrium steady state systems, 53-55
nonequilibrium transient state, 50-52
path thermodynamics, work/heat
distribution computation, 88-90
polymer glass formation, 131-132
basic principles, 135-137
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elastic modulus structural relaxation
model, 195-196
fragility parameters, 174—175
future research applications, 207-210
isothermal compressibility, 180—182
Schweizer-Saltzman activation energy,
194-195
structural relaxation times, 186—189
Equilibrated fluid, lattice cluster theory, polymer
glass formation, 141-154
Equilibrium polymerization, polymer glass
formation:
cooperatively rearranging regions, 199-203
future reserach issues, 210
Excess fluid entropy, polymer glass formation:
configurational entropy and relaxation,
156-160
temperature identification, 164
Excitation structures, polymer glass formation:
cooperatively rearranging regions, 199-203
future reserach issues, 210

Femtosecond laser ablation, gold nanoparticles
in water, time-resolved X-ray
diffraction, 23-24

Flexible-flexible (F-F) polymers:

classification, 150-152
configurational entropy, 154—164
relaxation and, 161-162
temperature identification, 164
formation mechanisms, future research
issues, 205-210
fragility parameter, 170-175
isothermal compressibility, 178—182
M-dependence of temperatures, 165-168
side group size, 183-185
structural relaxation times, 186—189
Flexible-stiff (F-S) polymers:
classification, 150-152
configurational entropy and relaxation,
155-160
cooperatively rearranging regions, 161-162
formation mechanisms, future research issues,
205-210
isothermal compressibility, 178-182
Lindemann criteria, activation energy, 197
M-dependence of temperatures, 165-168
polymer glass formation, 170-175
free volume entropy, 178
pressure effects, 190-192
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Flexible-stiff (F-S) polymers: (continued)
side group size, 183-185
structural relaxation times, 186—189
Flory-Huggins (FH) model, polymer glass
formation:
entropy theory, 135-137
Gibbs-DiMarzio (GD) approach, 138-139
Fluctuation-dissipation (FD) plots, glassy
dynamics, cooperatively rearranging
regions, 106
Fluctuation-dissipation theorem (FDT):
glassy dynamics, nonequilibrium
temperatures, 104—106
nonequilibrium transient state, 51-52
path thermodynamics, 81-82
Fluctuation theorems (FTs):
basic principles, 39
future research issues, 112—-113
nonequilibrium states, 39-42
polymer glass formation, Schweizer-Saltzman
activation energy theory, 194-195
stochastic dynamics, 4249
derivation of, 46-49
master equation, 4243
microscopic reversibility, 44—45
nonequilibrium equality, 45-46
Fokker-Planck equation, bead trapping
fluctuation, 58-64
Force-extension curves (FECs):
free energy recovery, 71-74
single molecule force experiments, 66—71
Fourier transform:
Maxwell time-resolved X-ray diffraction, 8-9
time-resolved X-ray diffraction:
atomic motion ““filming,” 17-18
diiodomethane photodissociation, 19-20
laser-heated hydrodynamics, 20-22
Fragility parameter, polymer glass formation,
168-175
cooperatively rearranging regions, 200-201
future research issues, 206-210
objective measurement techniques, 211-212
pressure effects, 190-192
side group size, 182-185
Free energy recovery:
glassy dynamics, cooperatively rearranging
regions, 105-106
nonequilibrium fluctuations, 71-74
Free volume entropy, polymer glass formation,
175-178

SUBJECT INDEX

future research applications, 207-210
Functionals, polymer glass formation, integral
equations, 132-135

Galilean transformations, entropy
noninvariance, 64
Gallavotti-Cohen fluctuation theorem,
nonequilibrium steady state
systems, 55
Gauche conformations, polymer melts,
lattice cluster theory, one-bending
energy model, 146-147
Gaussian distribution:
bead trapping example, microscopic
reversibility, 59
path thermodynamics, 80-82
polymer glass formation,
Schweizer-Saltzman activation
energy theory, 194-195
Gibbs-DiMarzio (GD) approach:
polymer glass formation:
configurational entropy, 154-164
entropy theory, 135-137
future research issues, 204-210
strengths and weaknesses, 137-139
polymer melt glass formation, 144-150
Gibbs free energy difference, single molecule
force experiments, 68—71
Glass-forming liquids, cooperatively rearranging
regions, equilibrium polymerization,
203
Glass-forming polymers, lattice cluster theory,
150-152
Glass transition temperature, polymer glass
formation, 130-131
cooperatively rearranging regions, 200-203
fragility parameter, 173-175
free volume entropy, 176-178
Lindemann criteria, activation energy, 197
pressure effects, 190—-192
structural relaxation times, 186—189
Glassy system dynamics:
future research issues, 113
nonequilibrium fluctuations, colloidal
systems, 34-36
nonequilibrium fluctuations, small systems,
98-112
intermittency, 106-112
phenomenological model, 100-104
temperature effects, 104—106
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polymer glass formation:
alternative activation energy theories,
192-197
elastic modulus model, 195-198
Lindemann criteria, 198-199
Schweitzer-Saltzman theory, 193-195
basic principles, 126-129
configurational entropy, 154—168
cooperatively ranging regions, 160-162
free volume vs., 175-178
pressure and volume characteristics,
164-168
temperature dependence, 154—160
temperature identification, 162-164
cooperatively rearranging regions,
197-203
Adam-Gibbs hypothesis, equilibrium
polymerization, 199-200
equilibrium polymerization, 203
size and crossover temperature
properties, 201-203
temperature effects, 200-201
entropy properties, 131-132
Adam-Gibbs theory, 139-141
Gibbs-DiMarzio theory, 137-139
fragility, 168-175
future research issues, 204-212
generalized entropy theory, 135-137
group size parameters, 182—185
integral equation with functionals,
132-135
isothermal compressibility, volume
specificity, shear modulus, and
“jamming,” 178-182
lattice cluster theory, 141-154
Adam-Gibbs relation, 152-154
polymer classification, 150-152
polymer melts, 143-150
pressure characteristics, 189—-192
temperature characteristics, 129-131
structural relaxation times, 185-189
Gold nanoparticles, time-resolved X-ray
diffraction, 22-24

Harmonic potential, bead trapping and,
56-64

Hatano-Sasa approach, steady state transitions,
bead trapping example, 62—64

Heat distribution, glassy dynamics,
intermittency, 109-112

Heat exchange, fluctuation theorem,
nonequilibrium transient state, 52

Helmbholtz free energy, nonequilibrium transient
state, 50-52

High temperature regime, polymer glass
formation, pressure effects, 191-192

Hydrodynamics, time-resolved X-ray
diffraction, 14-15

laser-heated liquids, 20-22

Image intensity, time-resolved X-ray diffraction,
5-7

Inflection point, polymer glass formation,
configurational entropy, 158—160

Inherent structure (IS), cooperatively
rearranging regions, glassy dynamics,
105-106

Integral equations, polymer glass formation,
132-135

Intermittency, glassy dynamics, 106-112

Isometric ensemble, single molecule force
experiments, 68—71

Isotensional ensemble, single molecule force
experiments, 68—71

Isothermal compressibility, polymer glass
formation, 178-182

future research issues, 206-210

“Jamming” phenomenon, polymer glass
formation, 178-182
Jarzynski equality (JE):
fluctuation theorem, stochastic dynamics, 49
nonequilibrium transient state, 51-52
free energy recovery, 71-74
nonequilibrium fluctuations:
forward or reverse processes, 75
path thermodynamics, 77-82
pulling speeds, 74-75
path thermodynamics, work/heat distribution
computation, 84-86
single molecule force experiments, 68—71

Kirkwood formula, fluctuation theorem,
nonequilibrium transient
state, 52

Kirkwood-Monroe solidification theory,
polymer glass formation, integral
equations, 133-135

Kob-Anderson model, polymer glass formation,
fragility parameter, 169-175
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Kovacs effect, glassy dynamics, intermittency,
109-112

Lagrange multiplier, nonequilibrium
fluctuations, path thermodynamics,
79-82
Landau calculations, polymer glass formation,
isothermal compressibility, 180-182
Langevin equation:
bead trapping example, 56-64
microscopic reversibility, 5859
fluctuation theorem, stochastic dynamics,
42-49
nonequilibrium steady state systems, 55
polymer glass formation, elastic modulus
structural relaxation, 195-196
Large deviation functions:
future research issues, 113
path thermodynamics:
bias, 95-98
nonequilibrium fluctuations, 90-98
Laser-heated liquids, time-resolved X-ray
diffraction, hydrodynamics, 20-22
Lattice cluster theory (LCT), polymer glass
formation, 141-154
Adam-Gibbs relation, 152-154
configurational entropy, 154-164
cooperatively rearranging regions, 197-203
fragility parameter, 169-175
free volume entropy, 176-178
future research issues, 204-210
isothermal compressibility, 178—182
polymer classification, 150-152
polymer melts, 143-150
pressure characteristics, 189—-192
Schweizer-Saltzman activation energy,
194-195
side group size, 182-185
structural relaxation times, 185-189
temperature identification, 162-164
Lennard-Jones particles:
glassy dynamics, intermittency, 107-112
polymer glass formation, cooperatively
rearranging regions, 201-203
polymer glass formation, integral equations,
134-135
Lindemann criteria, polymer glass formation:
activation energy, 196-197
free volume entropy, 177-178
future research applications, 207-210
M-dependence of temperatures, 165-168

Linear response regime, fluctuation theorem,
stochastic dynamics, 49
Liquid media:
polymer glass formation, 126—127
time-resolved X-ray diffraction:
atomic vibration, 1618
basic principles, 3—4
data reduction procedures, 5-7
detectors, 5
difference signal, 9-10
diffraction and absorption, 15-16
future research issues, 24
gold nanoparticles in water, 22-23
hydrodynamics, 14-15
laser-heated hydrodynamics, 20-22
long time signals, 10-12
Maxwell theory, 8-9
molecular dynamics simulations, 13—-14
optical pumping statistical analysis, 9
reaction intermediates, 18-20
short time signals, 13
simulations and calculations, 12—-15
theoretical background, 2-3, 7
X-ray and optical sources, 4-5
Logarithmic energy decay, cooperatively
rearranging regions, glassy dynamics,
101-104
Long time signals, time-resolved X-ray
diffraction, 10-11

Magnetic dipole, path thermodynamics, work/
heat distribution computation, 82-90
Magnetic tweezers, single molecule force
experiments, 68—71
Markov equations:
fluctuation theorem, stochastic dynamics, 43
nonequilibrium equality, 45-46
path thermodynamics:
tail characteristics, 92-95
work/heat distribution computation,
83-86
Maximum likelihood estimation, Bennett’s
acceptance ratio method, 77
Maxwell-Boltzmann distribution, time-resolved
X-ray diffraction, molecular dynamics
simulations, 13—-14
Maxwell model:
polymer glass formation, elastic modulus
structural relaxation, 195-196
time-resolved X-ray diffraction, basic
principles, 8-9
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Mean-field solutions:
glassy dynamics, nonequilibrium
temperatures, 105-106
path thermodynamics, work/heat
computation, 86-91
Melting temperature, lattice cluster theory,
polymer glass formation, 141-154
Metastable equilibrium, lattice cluster theory,
polymer glass formation, 142-154
Microscopic reversibility:
bead trapping example, 58-59
fluctuation theorem, stochastic dynamics,
44-45

Mode coupling theory, polymer glass formation:

alternative activation energy, 193-197
future research applications, 208-210
integral equations, 132-135
temperature effects, 130-131
Molar mass-dependence of temperatures,
polymer glass formation, 164—168
fragility parameter, 170-175
isothermal compressibility, 178—182
Lindemann criteria, 197
side group size, 183-185
Molecular dynamics simulations:
glass-forming polymer classification,
151-152
polymer glass formation, integral equations,
134-135
time-resolved X-ray diffraction, 13—-14
Molecular machines, nonequilibrium
fluctuations, 37-39
Monomeric structures, lattice cluster theory,
polymer glass formation, 142-154

Nonconservative nonequilibrium steady state
systems, fluctuation theorem
applications, 53-55

Nonequilibrium aging state (NEAS):

basic principles, 40-42

glassy dynamics, 98-112
intermittency, 109-112
nonequilibrium temperatures, 104—106

Nonequilibrium equality, fluctuation theorem,
stochastic dynamics, 45-46

Nonequilibrium fluctuations, small systems:

basic properties, 32-34

bead in optical trap example, 55-64
entropy, work, and dissipation, 60—-62
microscopic reversibility, 5859
steady-state transitions, 62—-64

colloidal systems, 34-36
fluctuation theorems, 39-55
nonequilibrium states, 39-42, 49-55
stochastic dynamics, 42-49
future research issues, 112—-114
glassy dynamics, 98-112
intermittency, 106-112
phenomenological model, 100-104
temperature effects, 104—106
molecular machines, 37-39
path thermodynamics, 77-98
basic principles, 77-82
large deviation functions and tails,
90-98
mean-field approach, 86-90
work/heat distribution, 82-86
pulled biomolecule example, 64-77
free energy recovery, 71-74
single molecule force experiments, 65-71
strategies and numerical methods, 75-77
Nonequilibrium glass formation theory,
isothermal compressibility, 181-182
Nonequilibrium steady state (NESS):
basic principles, 4042
bead trapping example, 55-64
fluctuation theorem applications, 52-55
path thermodynamics, large deviation
functions and tails, 90-98
Nonequilibrium temperatures, glassy dynamics,
104-106
Nonequilibrium transient state (NETS):
basic principles, 40—42
bead trapping example, 61-64
fluctuation theorem applications, 49-52
path thermodynamics, work and heat tails,
92-95
single molecule force experiments,
66-71
Numerical simulations, glassy dynamics:
intermittency, 110-112
nonequilibrium aging state, 99

One-bending energy model, polymer melts,
lattice cluster theory, 144—147
Onsager theory:
nonequilibrium steady state systems,
fluctuation theorem applications,
53-55
small system nonequilibrium fluctuations,
33-34
Onset temperature, polymer glass formation, 131
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Optical sources, time-resolved X-ray diffraction,

4-5
Optical tweezer techniques:
molecular machines, nonequilibrium
fluctuations, 37-39
nonequilibrium fluctuations:
bead trapping, 55-64
pulling biomolecules, 64—77
Order parameters:
polymer glass formation, fragility parameter,
211-212
polymer melts, lattice cluster theory,
one-bending energy model, 145-147
Orthoterphenyl, polymer glass formation,
fragility parameter, 175

Partial crystalization, fragility parameter,
171-175
Particle clusters, polymer glass formation,
cooperatively rearranging regions,
198-203
Partition function, nonequilibrium fluctuations,
path thermodynamics, 77-82
Path entropy, path thermodynamics:
tail characteristics, 93-95
work/heat distribution computation,
88-90
Path free energy:
nonequilibrium fluctuations, 79-82
work/heat distribution computation, 89-90
Path thermodynamics, nonequilibrium
fluctuations, 77-98
basic principles, 77-82
large deviation functions and tails, 90-98
mean-field approach, 86-90
work/heat distribution, 82—86
Phenomenological model, glassy dynamics,
cooperatively rearranging regions,
100-104
Photodissociation, time-resolved X-ray
diffraction:
diiodoethane, 20
diiodomethane, 18-20
“Photography” of atomic processes, time-
resolved X-ray diffraction, 11-12
Polydispersity of clusters, polymer glass
formation, cooperatively rearranging
regions, 202-203
Polyisobutylene (PIB), fragility parameter,
171-175

Polymer glass formation:

alternative activation energy theories,
192-197
elastic modulus model, 195-198
Lindemann criteria, 198-199
Schweizer-Saltzman theory, 193-195
basic principles, 126—129
configurational entropy, 154—168

cooperatively ranging regions, 160-162

free volume vs., 175-178

pressure and volume characteristics,
164-168

temperature dependence, 154—160

temperature identification, 162-164

cooperatively rearranging regions,

197-203

Adam-Gibbs hypothesis, equilibrium
polymerization, 199-200

equilibrium polymerization, 203

size and crossover temperature properties,

201-203
temperature effects, 200-201
entropy properties, 131-132
Adam-Gibbs theory, 139-141
Gibbs-DiMarzio theory, 137-139
fragility, 168—175
future research issues, 204-212
generalized entropy theory, 135-137
integral equation with functionals,
132-135
isothermal compressibility, volume
specificity, shear modulus, and
“jamming,” 178-182
lattice cluster theory, 141-154
Adam-Gibbs relation, 152-154
polymer classification, 150-152
polymer melts, 143-150
pressure characteristics, 189—192
side group size parameters, 182-185
temperature characteristics, 129-131
structural relaxation times, 185-189

Polymerization index, polymer glass

formation, Adam-Gibbs theory
limitations, 140-141

Polymer melts, lattice cluster theory,

143-150
one-bending energy model, 144-147
two-bending energy model, 147-150

Pressure characteristics, polymer glass

formation, 189-192
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Probability distribution function (PDF):
bead trapping example, 56-64
glassy dynamics, intermittency, 109-112
Protein unfolding, nonequilibrium fluctuations,
64-71
Pulling biomolecules, nonequilibrium
fluctuation, 64-77
free energy recovery, 71-74
single molecule force experiments, 65-71
strategies and numerical methods, 75-77

Quasistatic limit, path thermodynamics, tail
characteristics, 93-95

Radiative mechanisms, path thermodynamics,
tail characteristics, 93-95

Ramping protocol, path thermodynamics, work/
heat distribution computation, 83-86

Random orthogonal model (ROM), glassy
dynamics, nonequilibrium
temperatures, 105-106

Rayleigh-Bernard convection, nonequilibrium
steady state systems, 55

Reaction intermediates, time-resolved X-ray
diffraction, 18-20

Relaxation mechanisms, polymer glass
formation, Adam-Gibbs relation, 152—
154

Release pathway, glassy dynamics,
cooperatively rearranging regions,
100-104

Reynolds number, bead trapping, 5664

RNA hairpin experiments, free energy recovery,
71-74

RNA mechanical unfolding, nonequilibrium
fluctuations, 64-71

RNA polymerase, molecular machines,
nonequilibrium fluctuations, 37-39

Schweizer-Saltzman activation energy theory,

polymer glass formation, 193-195
future research applications, 208-210

Second law of thermdynamics, steady state
transitions, 64

Shear modulus, polymer glass formation,
isothermal compressibility, 178—182,
182

Sherrington-Kirkpatrick model, glassy
dynamics, nonequilibrium
temperatures, 105-106

243

Short time signals, time-resolved X-ray
diffraction, 12
“Shoving model,” polymer glass formation,
alternative activation energy, 193—-197
Side group size, polymer glass formation,
182-185
future research applications, 206-210
Simulation techniques, time-resolved X-ray
diffraction, 12—15
Single molecule force experiments,
nonequilibrium fluctuations, 65-71
Site entropy, polymer glass formation, 157-160
Small systems, nonequilibrium fluctuations in:
basic properties, 32-34
bead in optical trap example, 55-64
entropy, work, and dissipation, 60—-62
microscopic reversibility, 58—-59
steady-state transitions, 62—64
colloidal systems, 34-36
fluctuation theorems, 39-55
nonequilibrium states, 39-42, 49-55
stochastic dynamics, 42-49
future research issues, 112—-114
glassy dynamics, 98-112
intermittency, 106—-112
phenomenological model, 100-104
temperature effects, 104—106
molecular machines, 37-39
path thermodynamics, 77-98
basic principles, 77-82
large deviation functions and tails, 90-98
mean-field approach, 86-90
work/heat distribution, 82-86
pulling biomolecule example, 64-77
free energy recovery, 71-74
single molecule force experiments, 65-71
strategies and numerical methods, 75-77
“Softening transformation,” polymer glass
formation, M-dependence of
temperatures, 165-168
Spatially isotropic liquids, time-resolved X-ray
diffraction, 7
Spontaneous events release stress energy,
glassy dynamics, intermittency,
110-112
State variables, nonequilibrium states, 39—42
Statistical analysis, time-resolved
X-ray diffraction, 9
Steady state transitions, bead trapping example,
62-64
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Steepness parameter, polymer glass formation,
175
Stiff-flexible (S-F) polymers:
classification, 150-152
formation mechanisms, 205-210
side group size, 183-185
Stiffness properties, polymer glass formation,
isothermal compressibility, 182
Stillinger/Weber decomposition, glassy
dynamics, intermittency, 106-112
Stochastic dynamics, fluctuation theorem,
42-49
derivation of, 46—49
master equation, 42—43
microscopic reversibility, 44—45
nonequilibrium equality, 45-46
Stokes-Einstein relation:
cooperatively rearranging regions,
equilibrium polymerization, 203
polymer glass formation, temperature
effects, 130-131
String-like structures, polymer glass
formation, future research
applications, 209-210
Structural relaxation times, polymer glass
formation:
cooperatively rearranging regions, 203
elastic modulus model, 195-196
future research applications, 207-210
temperature ratios, 185-189
Switching field probability distribution, path
thermodynamics, work/heat
distribution computation, 85-86
Synchonous x-ray source, time-resolved
X-ray diffraction, 4-5

Tail characteristics, path thermodynamics,
nonequilibrium fluctuations, 92-95
Taylor expansion, bead trapping example,
microscopic reversibility, 59
Temperature ratios:
glassy dynamics:
cooperatively rearranging regions,
103-104
nonequilibrium temperatures, 104—106
polymer glass formation:
basic properties, 129-131
configurational entropy, 154—160
cooperatively rearranging regions,
160-162, 199-203

fragility parameter, 171-175
future research issues, 204-210
identification, 162—-164
isothermal compressibility, 178-182
structural relaxation times, 185-189
viscosity parameters, 126-129
Thermodynamics:
polymer glass formation:
barrier height, alternative activation
energy, 193-197
cooperatively rearranging regions, 199-203
future research applications, 208-210
small systems, basic principles, 32-34
“Thread model” of polymer chains,
polymer glass formation, Schweizer-
Saltzman activation energy theory,
194-195
Time-dependent conservative nonequilibrium
steady state systems, fluctuation
theorem applications, 53-55
Time-dependent correlation length,
cooperatively rearranging regions,
glassy dynamics, 101-104
Time-resolved optical spectroscopy, time-
resolved X-ray diffraction vs., 2-3
Time-resolved X-ray diffraction, liquids:
atomic vibration, 16-18
basic principles, 3—4
data reduction procedures, 5-7
detectors, 5
difference signal, 9-10
diffraction and absorption, 15-16
future research issues, 24
gold nanoparticles in water, 22-23
hydrodynamics, 14-15
laser-heated hydrodynamics, 20-22
long time signals, 10-12
Maxwell theory, 8-9
molecular dynamics simulations, 1314
optical pumping statistical analysis, 9
reaction intermediates, 18-20
short time signals, 13
simulations and calculations, 12—-15
theoretical background, 2-3, 7
X-ray and optical sources, 4-5
Total dissipation:
bead trapping example, 60-64
fluctuation theorem, stochastic dynamics:
nonequilibrium equality, 46
nonequilibrium transient state, 50-52
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Transition metals, time-resolved X-ray
diffraction, 15-16

Transition probability, fluctuation theorem,
stochastic dynamics, microscopic
reversibility, 44-45

Two-bending energy model, polymer melts,
lattice cluster theory, 147-150

Universality parameter, polymer glass
formation, cooperatively rearranging
regions, 201-203

Van der Waals interactions:
lattice cluster theory, polymer glass
formation, 141-154
polymer glass formation, configurational
entropy, 159-160
polymer melts, lattice cluster theory:
one-bending energy model, 144-147
two-bending energy model, 147-150
Viscosity parameters:
molar mass-dependence of temperatures,
polymer glass formations, 165-168
polymer glass formation, 126-129
fragility and, 175
Vogel-Fulcher-Tammann-Hesse (VFTH)
equation, polymer glass formation:
fragility parameter, 168—175
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