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Ab initio quantum chemistry
average interaction energies, 314
clusters of strongly interacting molecules,
341-342
mixtures, 314
solvent as polarizable continuum, 314
solving Schrodinger equation, 316
see also Quantum chemical calculations
Acetonitrile
correlation plots of pair interaction
energies, 319
critical properties of vapor-liquid
equilibria, 321
isotropic and anisotropic polarizability,
323-324
phase behavior, 321
vapor pressure and vapor-liquid
coexistence, 320
Acetylene, pressure-induced polymerization,
387,388
Acid catalysts, solid, see Zeolite catalysis
theory
Activated carbon, pore size distribution,
220-221
Activation energies, hydrocarbon, 420
Activity coefficients
predictive methods, 341
UNIQUAC and Wilson models, 342,
344-345
Adam-Gibbs relation, 59-60
Adsorbates, structure and energetics, 382
Adsorption isotherms
Lennard-Jones methane in silica xerogel,
215
mesocarbon microbead (MCMB),
212-213
simulation of alkane, 409-411
Adsorption process
models, 205
see also Disordered structure models;
Simple geometric pore structure
models

465

Alkane adsorption and diffusion
methods and theory, 407-408
simulation, 407-414
simulation of adsorption isotherms,

409-411
simulation of diffusion, 412414
see also Zeolite catalysis theory

Alkanes, see Hydrocarbon activation

Amino acid substitution
hierarchical evolution protocol, 105
Monte Carlo simulation results, 107
schematic diagram, 106

Amorphous silicon film
chemically reactive minority species,

286-290
clusters containing Si atoms, 288-290
growth mechanism, 280281
mechanism of SiH radical attachment,
286-287
SiH penetration mechanism, 287-288
surface evolution and structural
characterization, 281-283
see also Silicon film growth
Anisotropic fluctuations, ordered block
copolymers, 441-445
Argon, adsorption isotherms and pore size
distribution, 230
Atomistic density functional theory, 205

B

Barrett-Joyner-Halenda (BJH) method,
Kelvin equation, 240
Base substitutions, DNA copying and
amplification, 100
Basin enumeration function
description, 60-61
isobaric, 62, 63
obtaining from experimental data, 61-62
schematic, 65
Basis set expansion, Car—Parrinello, 362-363
Basis set superposition error (BSSE), 317
Bicontinuous networks, see Microemulsions
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Bicontinuous phase reactions
anomalous mean-field (AMF) kinetics, 129
diffusion equations, 127-128
dynamics of particle, 130
effect of thermal fluctuations of, 135-136
flow equations, 133-134
Kubo formula, 130
Langevin equation for particle in potential
field, 130
mean-field analysis, 129-132
objectives, 128-129
physical implications of kinetics, 134
presence of potential, 129-132
probability distribution, 130-131
renormalization group theory (RG),
132-134
result counterintuitive to expectations,
134-135
self-consistent analysis, 131-132
Bimolecular reactions, droplet phase,
136-137
Binary collision theory, ion-surface
scattering, 179-180
Biological systems, Car—Parrinello,
389-392
Blends, see Homopolymer solutions and
blends
Block copolymers
anisotropic fluctuations in ordered phases,
441-445
approximate theory for anisotropic
fluctuations, 442443
composition, 439-440
computer simulation by Ginzburg-Landau
approach, 446
dominant fluctuation modes in HEX
phase, 444, 445
fluctuation in order parameter, 442
hyperparallel tempering Monte Carlo
(HPTMC), 17-18
kinetic paths of order-order/order-disorder
transitions, 445-450
long-wavelength deformations/
fluctuations, 452-454
long-wavelength fluctuations and
instabilities, 452-456
long-wavelength instability in ordered
phases, 454-456
metastable states from preordered states,
459

method for calculating matrix at
equilibrium, 442
microphase ordering, 440
microphase separation, 439
morphology, 441
morphology and metastability in ABC
triblock, 456-459
nature and stability of nonclassical phases,
450-452
nucleation/growth kinetics in
order-order/order-disorder, 449-450
phase diagram, 18
proliferation of HEX cylinder
orientations, 448-449
scattering function of lamellar phase,
443-444
stability of PL morphologies, 451-452
thermodynamic stability of G phase,
450-451
three pair interactions in ABC triblock,
458-459
transition from two- to three-domain
structure in triblock, 458
two-dimensionally ordered ABC triblock
phases, 457
Bonding, zeolite framework, 405-406
Born-Oppenheimer molecular dynamics,
Car-Parrinello, 368-370
Born repulsion expression, 406407
Bulk materials, processes, Car—Parrinello,
376-378

C

Carbon tetrachloride, interaction model, 324
Car—Parrinello methods
advances in methodology, 392-393
basis set expansion, 362-363
Born-Oppenheimer molecular dynamics,
368
chain termination and branching in olefin
polymerization, 38
choice of model, 363
classes of problems best applicable,
356-357
classical molecular dynamics, 357-358
coupling two methanol at acid site of
chabazite, 385-386
cubic supercell of water molecules, 365
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density functional theory (DFT), 358-362

DFT to compute electronic state, 357

diffusivities of Si, Mg, and Li in conductor,
376-377

disadvantage of path integral methods,
392-393

dynamics of proton motion in aspartyl
dyad, 390-392

exposing chemical engineering
community, 355-356

formation of defects in GaAs, 371-372

gas-phase processes, 372-376

Grand Challenge Problem, 354

Hartree—Fock method for single electron
equation, 358-359

Hellman-Feynman theorem, 368

heterogeneous processes on surfaces,
382-386

history, 353-354

infrared spectrum of D,0, 380, 381

interpretation, 354-355

Kohn-Sham approach, 361-362

many-body electronic system via
electronic density, 359

many-electron system by Hohenberg and
Kohn, 359-360

melting point of solid materials, 387, 389

methanol adsorption at activity sites of
chabazite, 371

molecular dynamics, 368-370

new algorithms and methods, 392

objectives, 356-357

periodic boundary conditions of plane
waves, 363, 367

phases of electron transfer process,
372-373, 374

phase transitions, 386389

plane waves form, 363

polymerization reactions on Ziegler—Natta
catalysts, 383-385

pressure-induced acetylene
polymerization, 387, 388

processes in biological systems, 389-392

processes in bulk materials, 376-378

propagating orbitals with nuclei without
reoptimizing, 369

properties of liquids, solvation, and
reactions in liquids, 378-382

pseudopotential method, 367

purposes of simulations, 371
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reactivity of ketones with OH using,
373-375, 376
slab model of platinum(111) surface, 366
sliding of grain boundaries in germanium
by ab initio, 377
structural and bonding properties of water
via supercells, 378-380
structure and dynamics of aqueous proton
transfer, 382
superposition of oscillations, 369-370
unit cell of zeolite chabazite, 364
Catalysts, see Zeolite catalysis theory
Catalytic reaction, rate, 401403
Chabazite
coupling two methanol molecules, 385-386
energy of adsorption of protonated
propylene, 425
propene during protonation attack,
416,417
methanol adsorption, 371
stability of isobutene activation, 423
unit cell, 364
Charging free energy
continuum solvation models, 327-328
contributions, 337-338
Chemical reactivity, microemulsions, 125
Chem-Shell embedding procedure, 422-424
Chlorine ions, see Ion-assisted etching
Clusters
formation in surfactant solutions, 308
impact on film defects, 290
interactions of SigH;3 with a-Si:H film, 289
neutral and cationic with Si atoms, 288-289
structure of SigH;3, 289
Collision cascade, 157
Combinatorial chemistry
goal, 81-82
steps of first round, 89
task of searching composition space, 82
see also Materials discovery; Protein
molecular evolution
Complex fluids, molecular simulation, 1-2
Computational quantum chemistry
isolated molecule, 313
see also Quantum chemical calculations
Condensed phases, topographic viewpoint,
34-35
Controlled pore glasses (CPG), disordered
structure models, 206-209
Copolymers, see Block copolymers
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Copolymers, block and random,

hyperparallel tempering, 17-18

Corradini site, Ziegler—Natta catalysts,

383-384

Critical micelle concentration (cmc)

determination, 306-307

reduced osmotic pressure vs. surfactant,
306

versus inverse temperature for systems
forming micelles, 307

Crystal nucleation, pure melt, 38

D

Debye equation, rotational motion, 31
Density functional theory (DFT)

adsorption models, 225-231

Car-Parrinello simulations, 357, 358-362

catalytic reaction rate, 402-403

choice of weighting function, 227-228

comparing to GEMC model isotherms, 229

DFT excess isotherm, 228

energy minimization step, 343

equilibrium density profile, 228

model isotherms for various gases, 228-229

pore filling pressure and pore width, 226

pore filling pressure correlations for
MK-BET and DFT, 243

pore size distribution results, 231

radical-surface interactions, 257-258

test of robustness, 229-230

Deposition

ion-surface interactions, 180-198
see also lon-assisted etching

Desorption isotherms, methane in silica

xerogel, 215

Diffusion equations

bicontinuous phase, 127-128
droplet phase reactions, 139-141
simulation, 412414

Disease organism, evolved resistance, 117
Disilane formation, initial stages of film

growth, 278-279

Disordered structure models

carbon-carbon radial distribution
functions (RDFs), 211

experimental RDFs, 209

grand conanical Monte Carlo (GCMC),
214,216
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geometric definition of pore size
distribution, 208
geometric pore size distribution, 207-208
illustration of porous matrix via
templating, 216
microporous carbons, 209-213
model porous glasses via quench
molecular dynamics (MD), 207
Percus—Yevick closure, 217
perturbations of GCMC simulation,
213-214
physical properties vs. reverse Monte
Carlo (RMC), 212-213
porous glasses, 206-209
replica Ornstein—Zernicke (ROZ) integral
equations, 217-218
RMC, 209-211
templated porous materials, 216-218
visualizations from GCMC of confined
fluids in xerogels, 215
xerogels, 213-216
see also Simple geometric pore structure
models
Dissociative adsorption, Si incorporation,
274-275
DNA, mutation tendencies, 111, 112
DNA base mutation, protein expression,
111,113
DNA base substitution, local protein space,
115
DNA shuffling
connection between codon usage and, 113
discovery, 100-101
genes and operons evolved by, 101
hierarchical evolution protocol, 105, 107
incapable of evolving new protein
folds, 116
Monte Carlo simulation results, 107
schematic diagram, 106
DNA swapping
evolution of E. coli from Salmonella, 115
penicillin-binding proteins, 115
Dominant precursor
deposition, 284-286
SiH3 for silicon film growth, 285-286
Droplet phase reactions
analysis of leading order corrections,
145-146
bimolecular reactions A + B ¢ 0, 136
considering temporal regimes, 141-143
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diffusion equation and perturbation
expansion, 139-141

dynamical fluctuations enhancing rate,
143

effect of Péclet number, 144-145

effects for future work, 146

fluctuations, 137-138

intermediate times, 143

short time regime, 143-144

steady-state limit of expression, 142

Dubinin adsorption models

Dubinin and Astakhov (DA) equation,
236-237

Dubinin-Radushkevitch (DR) equation,
236

Dubinin-Stoechli (DS) method, 237

pore size distribution (PSD) comparisons,
238

semiempirical, 205, 236-239

Electrolyte solutions
binodal curves for asymmetric ionic
systems, 8-9
clusters from simulation of A =0.1 system,
10
critical parameters as function of size
asymmetry, 9
fraction of ions in clusters, 11
hyperparallel tempering Monte Carlo
(HPTMC), 7-11
integral-equation theoretical predictions,
9-10
parallel tempering methods, 8
primitive model, 7-11
Eley-Rideal reaction, hydrogen abstraction,
277
Embedding techniques
Chem-Shell, 422-424
hydrocarbon activation, 422-424
Empirical interatomic interactions, 258-260
Energy landscape
application of landscape-based ideas,
34-35
constant volume and pressure, 38-39
crystal nucleation form pure melt, 38
deepest basin in each symmetry sector,
35-36

PS069-Ind.tex PS069-Ind.xml APserialsv2(2000/12/19) Textures 2.0

469

identification of inherent structures, 35
insight into stretched liquids and glassy
state, 67-68
N-body potential energy function, 33-34
partitioning configuration space, 35
potential energy range, 36
potential enthalpy, 39
schematic for many-particle system, 34
single-sector distribution, 37-38
steepest descent mapping, 35
supercooled liquids and glasses, 33—-39
temperature variations, 37
thermal equilibrium, 37-38
topographic viewpoint of condenses
phases, 34
vibrational partition function for each
basin, 36-37
void geometry and connections to, 4045
Enthalpy
potential, 39
relationship to temperature, 26
Entropy
configurational, 59-60
liquid versus crystal, 29, 30
Etching, see Ion-assisted etching
Ethanol in heptane, infinite dilution activity
coefficient, 333
Ethylene polymerization, Ziegler—Natta,
382-385
Exchange energy parameters, surfactants,
300-301

F

Film growth, see Silicon film growth
Flexible polymers
liquid-liquid phase diagram, 17
phase diagram, 16
see also Polymers
Fluctuations
droplet phase reactions, 137-138
effect of, of bicontinuous phase on
kinetics, 135-136
Fluorine ions, see Ion-assisted etching
Frederickson—-Andersen kinetic Ising model,
55
Fredholm integral equations
adsorption models, 219-220
circumventing problems by, 220
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G

GaAs, formation of detects, 371-372
Gas-phase processes
Car-Parrinello, 372-376
formaldehyde radical anion with methyl
chloride, 372, 373
phases of electron-transfer process,
372-373,374
reactivity of ketones with OH, 373-375,
376
Gaussian landscapes
1-propanol and 3-methylpentane, 66
relations for systems with, 66—67
thermodynamic properties of macroscopic
system with, 66—67
GCSKOW model, see Group contribution
solvation (GCS) model
Geometric pore size distribution
advantage of definition, 208
determination for porous glasses, 207-208
disordered porous carbon model, 212
two-dimensional illustration, 208
see also Pore size distribution (PSD)
Geometry
algorithm determining volume and surface
area, 40-41
analysis of void space in inherent
structures, 43
average pressure in inherent structures,
42-43
complexity of hydrogen bonds in aqueous
systems, 45
expanding system to lower densities, 43—44
morphology of Lennard-Jones inherent
structures, 42
question from Lennard—Jones fluid results,
44
shape of pressure versus density curve, 44
shifted-force Lennard-Jones system, 42
supercooled liquids and glasses, 39—40
void, 40-45
Voronoi-Delaunay tessellation, 41
Germanium, sliding of grain boundaries, 377
Gibbs ensemble Monte Carlo (GEMC)
advantage over grand canonical Monte
Carlo (GCMC), 225
comparing to DFT isotherms, 229
critical properties of vapor-liquid
equilibria, 321

isotherms for nitrogen adsorption, 225, 226
molecular simulation, 204
phase equilibria of confined fluids, 224
pore filling pressure and pore width, 226
potentials for predicted phase behavior,
319-321
simulation adsorption model, 222, 224-225
Glass transition temperature, Tg
definition, 24
dependence on cooling rate, 24-25
transformation range, 25-26
Glasses
chemical engineering science, 22-23
commercial processes and applications,
22,71
see also Supercooled liquids and glasses
Gram-Schmidt procedure, subspace
identification, 90-91
Grand canonical Monte Carlo (GCMC)
GCMC adsorption simulation method,
214,216
GCMC with percolation theory, 222
isotherms for adsorption of bases, 222
Lennard-Jones methane in xerogel, 215
molecular simulation, 204
perturbations for xerogels, 213
simulation of xerogels, 213-216
visualizations of confined fluids in
xerogels, 215
Grand Challenge Problem, multiscale
modeling, 354
Group contribution methods
correcting for structure and proximity
effects, 336
failure from distortion of electron
distribution, 336
influence of proximity effects, 339-341
physical and thermodynamic properties,
335
shortcomings, 335-336
Group contribution solvation (GCS) model
derivation for octanol-water partition
coefficient (GCSKOW), 332
GCSKOW predictions using simple group
contribution, 337
GCSKOW predictions with multipole
corrections, 337, 338-339
infinite dilute activity coefficients, 330-332
scale factor and temperature dependence,
334-335
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Group scale factor, functional groups in
different solvents, 329

H

Halogen ions for etching, see Ion-assisted
etching
Hartree-Fock (HF) method
energy calculations, 344
energy minimization, 343
Schrodinger to single-electron equation,
358-359
Hellman-Feynman theorem, 368
Hexane, isomerization, 430-431, 432
Hexene, isomerization reaction, 428-430
Hierarchical approach, radical-surface
interactions, 255-257
HIV-1 protease, Car—Parrinello, 390-392
Homopolymer chains
mole fraction in dilute phase vs. inverse
temperature, 303
phase behavior, 303
surfactant solution simulation, 302-304
Homopolymer solutions and blends
coexistence curves, 13-14
compressibility effects of phase behavior,
14-15
end-to-end vector autocorrelation
function, 12
hyperparallel tempering Monte Carlo
(HPTMC), 11-15
performance of hyperparallel tempering,
12-13
phase diagram of asymmetric blends, 15
phase diagram of long chains, 13
scaling critical density with chain length, 14
Horvath-Kawazoe (HK) method
adsorbate-adsorbate interaction, 233
causes for differences in model results,
234
dispersion coefficients using
Kirkwood-Muller, 233
illustration of modified HK, 236
limitation, 235
modified HK, 235
pore condensation pressure and slit pore
width, 233-234
pore filling correlation, 234
pore filling pressure and pore width, 226
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semiempirical adsorption model, 231,
233-234
semiempirical models, 205
Hydride transfer reaction, transition states,
426-427
Hydrocarbon activation
activation energies, 420
activation energies for proton-activated
isobutane, 419
energy of adsorption for protonated
propylene, 425
Chem-Shell embedding procedure,
422-424
corrections to activation energies for
cluster acid strength, 421
elementary reaction steps, 414, 415
embedding techniques, 422
energy differences using Monte Carlo, 427
formation of organic cations, 414, 416
geometries of propene protonation,
416,417
geometries of zeolitic site clusters, 418
corrections to cluster calculations, 424, 426
properties of zeolitic protons, 416, 418-419
quantum-chemical calculations, 416
stability of i-butene activation, 423
transition-state energies, 420-421
transition states of hydride transfer,
426-427
see also Zeolite catalysis theory
Hydrogen abstraction
Eley-Rideal reaction, 277
Langmuir-Hinselwood mechanism,
277-278
SiHj3 abstracting from H-terminated Si
surface, 276
silicon film growth, 276-278
Hydrogen bonding, configurational freedom,
346
Hydroisomerization reaction, kinetics,
427-428
Hyperparallel tempering Monte Carlo
acceptance rate for trial swap, 19
advantages, 18
block and random copolymers, 17-18
factors affecting performance, 19
grand canonical ensemble, 3
homopolymer solutions and blends, 11-15
Lennard—Jones fluid, 5-7
methodology, 3-5
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Hyperparallel tempering Monte
Carlo (continued)

partition function of composite
ensemble, 3

preweighting function, 4

primitive model electrolyte solutions, 7-11

schematic of implementation, 5

semiflexible polymers and blends with
flexible, 15-17

swapping, 4-5

three types of trial moves, 4

weighting function, 4

Ideal glass, description, 64
Immune system, evasion of, 117
Infinite dilution activity coefficients
comparing predictions, 331
continuum solvation models, 326-327
ethanol in heptane, 333
group contribution solvation model,
330-332
Infrared spectrum, deuterated water,
380, 381
Interatomic interactions, radical-surface,
258-260
Intermediate time regime, droplet phase, 143
Ion-assisted etching
Ar from bare Si surface, 177
arguments about mechanisms, 161-162
atomic configuration after fluence
of CF3, 185
average product molecular weight vs. ion
energy, 190
average yield of sputtered species per ion,
188
binary collision (BC) theory, 179-180
bond energy distribution for F/Si top layer,
166
C and F content as function of CF7
fluence, 183
C, F, and Si depth profiles for CF*
bombardment, 196, 197
cascade energy distribution, 162-163
CF* and CF; deposition on Si, 190-198
CF;r etching of silicon, 182-186
chlorosilyl layer from Cl bombardment,
173
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coordinate system and angle definition,
176

decomposition yield of F and C vs. CF*
and CFj, 195

deposition and etching, 180-198

depth profiles for Si, F, and C after CF;r s
186

distributions of total scattering angle, 181

etch product flux versus energy, 163

etch yield and fluorocarbosilyl thickness
vs. CF{, 187

etch yield vs. ion energy from MD
simulation, 167

fluorosilyl layer from F bombardment,
171

experimental studies of mechanisms,
162-164

fluorine coverage vs. F* fluence, 170

flux probability density, 163

interfacial SiyCyF, thickness vs. CF* and
CFJ, 198

ion impact and scattering, 174

ion-surface scattering dynamics, 172,
174-180

kinetic energy distribution of sputter
products, 168

mechanisms, 161

molecular dynamics studies of,
mechanisms, 164-172

perfluorinated silicon layers with Ar™, 165,
166

polar angle scattering, Cl-covered Si,
177-178

product angular distributions, 192

product distributions in CFJ etching,
186-190

product kinetic energy distributions, 191

reflected energy fraction vs. total scatter
angle, 179

role of surface roughness, 174-178

results of MD, 172

second stage of simulation, 172

Si surface content as function of ion
fluence, 184

Si surface requiring amount of halogen,
167-168

side and top view of surface layers, 175

silicon etching with F or Cl, 169

square wave modulated ion bean and flux
of XeF,, 163-164
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steady-state etching of Si by energetic F or
Cl, 168-169, 171
sticking coefficients of F and C vs. CF+
and CFj, 195
uptake of F and C as function of fluence of
CF*, 193
uptake of F and C as function of fluence of
CFJ, 194
views of Si-Cl surface layers, 176
yields of major products versus ion energy,
189
see also Molecular dynamics (MD)
Ion-surface interactions
collision cascade, 157
deposition and etching, 180-198
heating from energetic ion impact,
159-160
hierarchical scheme for atomistic
simulations, 159
molecular dynamics, 156-161
plasma processing, 155-156
quantum mechanics and
Born-Oppenheimer approximation,
158-159
side view of simulated Cu layer with Cu™,
157
simulating, 157-158
simulating long times between impacts,
160-161
size of cell crucial, 160
sputtering, 157
see also Ion-assisted etching
Isobutane, activation energies for
proton-activated, 419
Isobutene, effect of embedded environment
on stability of activation, 423
Isomerization
hexane, 430-431, 432
hexene, 428-430

K

Kauzmann curve, 68-69
Kauzmann paradox, violation of Third Law
of Thermodynamics, 29-30
Kauzmann temperature
configurational entropy, 59-60
description, 29, 30
Kelvin equation
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Barrett-Joyner-Halenda (BJH) method,
240
classical adsorption model, 239
classical thermodynamic models, 205
improved model of statistical adsorbed
film thickness, 242, 244
mean pore sizes of adsorbents, 240
model nitrogen adsorption isotherms via
modified Kelvin-BET, 243
modified Kelvin (MK) equation,
239-240
pore filling correlations for nitrogen in
MCM-41, 241
pore filling pressure correlations for
MK-BET and DFT, 243
pore size distribution (PSD) using BJH
method, 239
PSD for model porous silica glasses, 241
schematic of vapor-liquid equilibrium in
wetted pore, 239
shortcomings spurring efforts to modity,
240, 242
Ketones, reactivity with OH, 373-375
Kinetic Monte Carlo (KMC)
modeling growth process over coarser
time scales, 257
radical-surface interactions, 255-257
Kinetics
hexane isomerization, 430-431
hydroisomerization reaction, 427-428
isomerization reaction of hexene,
428-430
Kohlrausch-Williams—Watts (KWW)
relaxation kinetics, 54-55
temporal behavior of response function,
28-29
Kohn-Sham approach, 360-361

L

Landscape dynamics and relaxation
Adam-Gibbs relation, 59-60
basin shapes and transitions, 52-53
basins and kinetic pathways, 58-59
configurational entropy, 59-60
dielectric relaxation time, 60
driving supercooled system from

equilibrium, 54
fragile glass formers, 56-57
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Landscape dynamics and
relaxation (continued )
Fredrickson—Andersen kinetic Ising
model, 55
isochoric dynamical evolution of
N-particle system, 50-51
kinetics of interbasin transitions and
relaxation, 53-54
Kohlrausch-Williams-Watt (KWW)
stretched exponential, 54-55
long-pathway rearrangement processes for
fragile materials, 58
mean relaxation time, 54-55
mean-squared atomic displacements vs.
temperature, 52
mode coupling theory (MCT), 51-52
models for supercooling and glass
formation, 55-56
shear viscosity measures, 56
Stokes—Einstein relation, 58
supercooled liquids and glasses, 50-60
system configuration point, 51
tiling model, 55
topographic differences, 57-58
transitions between neighboring
basins, 53
viscosity for molten silica (SiO,), 56
Langmuir-Hinselwood mechanism, H
abstraction, 277-278
Length scales, plasma processing, 152-153
Lennard-Jones fluid
adsorption and desorption isotherms for
methane in silica xerogel, 215
adsorption simulation, 222
density variation of inherent structure
pressure, 43
geometric algorithm exploring
morphology, 42
hyperparallel tempering Monte Carlo
(HPTMC), 5-7
phase behavior, 5-6
phase diagram, 7
phase diagram calculated vs. literature,
6-7
question from results, 44
replica number as function of Monte Carlo
steps, 6
shifted-force, 42
Library design and redesign
closing loop between, 96-97

materials discovery, 85-87
Liquids, see Supercooled liquids and glasses
Lubachevsky-Stillinger protocol,
preparation method, 49

M

Many-particle system, energy landscape, 34
Materials discovery
acceptance probability of exchanging
samples, 89
analogy with Monte Carlo (MC), 85
closing loop between library design and
redesign, 96-97
combinatorial approach, 82
effectiveness of MC strategies, 95-96
figure-of-merit landscape, 87
further development, 96-97
Gram-Schmidt procedure, 90-91
grid method, 95
grid search on composition and
noncomposition variables, 85, 86
library design and redesign, 85-87
low-discrepancy sequence (LDS)
method, 95
material optimization or development, 83
maximum figure of merit for different
protocols, 96
MC library design and redesign strategy, 88
MC protocols, 94-95
method for changing variables, 87
parallel tempering as MC extension, 89
phase points as function of dimension and
spacing, 93
random phase volume model, 92-94
searching multidimensional space, 84
searching variable space by MC, 87-89
significance of sampling, 91-92
simplex of allowed compositions, 89-91
space of variables, 84-85
steps of combinatorial chemistry, 89
swapping, 87, 88
synthetic approach, 82
ways of changing variables, 87-88
see also Protein molecular evolution
MCM-41
pore filling correlations for nitrogen
in, 241
pore size distribution, 231, 232
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Mean-field analysis
anomalous mean-field (AMF) kinetics,
129
bicontinuous phase, 129-132
presence of potential, 129-132
self-consistent analysis, 131-132
Mean-spherical approximation (MSA)
theory, 9-10
Melting point, Car—Parrinello, 387, 389
Mesocarbon microbead (MCMB), see
Microporous carbons
Metastability, ABC triblock copolymers,
456-459
Methane, activated carbon to, adsorption,
220-221
Methanol
pair interaction energies, 319
phase behavior, 321
vapor-liquid coexistence diagram, 320
vapor-liquid equilibria, 321
vapor pressure, 320
Micelles, see Surfactant solutions
Microemulsions
applications utilizing, 125
importance of fluctuations, 125
microstructures of, phase, 126
phase behavior, 124
practical utility, 125
primary interest in reactions A + B ¢ 0,
125-126
reaction kinetics at oil-water
interface, 126
reactions in bicontinuous phase, 127-136
reactions in droplet phase, 136-146
see also Bicontinuous phase reactions;
Droplet phase reactions
Microphase ordering, block copolymers,
440
Microporous carbons
agreement between experimental and
simulated, 212-213
carbon-carbon radial distribution
functions (RDFs), 211
carbon plate and microstructure from
reverse Monte Carlo (RMC), 210
nitrogen adsorption isotherms, 212-213
experimental RDFs, 209
geometric pore size distribution, 212
morphological models by RMC, 209-211
RMC procedure, 210-211

Mixing
hierarchical evolution protocol, 108-109
Monte Carlo simulation results, 107
Mode coupling theory (MCT), dynamics and
relaxation processes, 51-52
Modified Horvath-Kawazoe method
illustration, 236
semiempirical adsorption model, 235
Modified Kelvin equation (MK)
relationship between pore filling pressure
and pore width, 226
see also Kelvin equation
Molecular disorder
bond-orientational order parameter,
46-47
crystal-independent measures, 48
degree of translational order, 47-48
jammed hard-sphere structures, 50
Lubachevsky-Stillinger protocol, 49
non-equilibrium preparation method, 49
ordering phase diagram, 48-50
quantifying, 45-50
random system, 46
specific bond-orientational order
parameter, 47
structural order parameter, 46
Molecular dynamics (MD)
Car-Parrinello, 368-370
Car—Parrinello, classical, 357-358
classical mechanics, 158
collision cascade, 157
heating by energetic ion impact, 159-160
hierarchical approach for radical-surface
interactions, 255-257
hierarchical scheme for atomistic
simulations, 159
ion-assisted etching mechanisms, 164-172
ion-surface interactions, 157-158
plasma processing, 149-152
quantum mechanics and
Born—-Oppenheimer approximation,
158-159
radical-surface interactions, 254-255
side view of copper layer with Cu™
bombardment, 157
simulating long times between ion impacts,
160-161
simulation procedure, 156-161
size of cell, crucial factor, 160
sputtering, 157
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Molecular dynamics (MD) (continued)
see also lon-assisted etching; Plasma
processing
Molecular evolution
experimental applications of technology,
116
see also Protein molecular evolution
Molecular statics (MS)
hierarchical approach for radical-surface
interactions, 255-257
radical-surface interactions, 254
Monte Carlo methods
alkane adsorption and diffusion, 408
analogy with combinatorial chemistry, 85
benefit of swapping, 2
complex fluids, 2
conventional, 2
effectiveness in materials discovery,
95-96
first molecular simulations, 315
grid method, 94-95
hierarchical approach for radical-surface
interactions, 255-257
library design and redesign, 88
low-discrepancy sequence (LDS) method,
94-95
methods requiring energy of assembly of
molecules, 315
parallel tempering as extension of, 89
protocols, 94-95
radical-surface interactions, 254
searching variable space by, 87-89
specifying thermodynamic state of replica,
2-3
see also Grand canonical Monte Carlo
(GCMC); Hyperparallel tempering
Monto Carlo; Kinetic Monte Carlo
(KMC); Reverse Monte Carlo (RMC)
Mordenite
hydrogen bonded to bridging O atom, 404
self-diffusivity diffusion constant, 412
structure, 403, 404
see also Zeolite catalysis theory
Morphology
ABC triblock copolymers, 456-459
block copolymers, 441
Multipool swapping
hierarchical evolution protocol, 109
Monte Carlo simulation results, 107
schematic diagram, 106
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N

Nanostructure formation, see Surfactant
solutions
Nitrogen
adsorption isotherm on mesocarbon
microbead (MCMB), 212-213
adsorption isotherms and pore size
distribution, 230
NK model
energy functions, 103
interaction between secondary structures,
104
molecular evolution protocols, 102-104
random energy model, 102

o

Olefin polymerization, chain termination
and branching, 380

Order-disorder transitions, see Block
copolymers

Order-order transitions, see Block
copolymers

Parallel tempering
basic idea, 2
schematic of swapping, 108
see also Hyperparallel tempering Monto
Carlo
Parasites, evading chemical control, 116
Péclet number, effect in droplet phase
reactions, 144-145
Penicillin-binding proteins, 115
Percolation theory
adsorption and percolation, 223
grand canonical Monte Carlo
(GCMO), 222
Percus—Yevick closure, templated
structures, 217
Perturbation expansion, droplet phase
reactions, 139-141
Perturbation methods, computing
interaction energies, 318
Pest organisms, evading chemical
control, 116
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Phase behavior, predictive methods, 341
Phase diagrams
amphiphiles not forming micelles, 304
asymmetric polymer blends, 15
block and random copolymers, 18
Car-Parrinello simulations, 386-389
Lennard-Jones fluid, 7
liquid-liquid, of semiflexible/flexible
polymer mix, 17
long polymer chains, 13
semiflexible and flexible polymer, 16
soft-sphere plus mean-field model, 70
two-parameter ordering, 49
Phase separation, see Surfactant solutions
Plane-wave basis sets
Car-Parrinello, 363, 367
Hellman-Feynman theorem, 368
Plasma-enhanced chemical vapor deposition
(PECVD)
amorphous films on substrates by MD,
262-263
growth of thin films, 252
hierarchical approach to plasma-surface
interactions, 255-257
methods of surface preparation, 260-263
plasma-surface interactions, 252-253
procedure for a-Si:H/c-Si film/substrate
systems, 261

silane and hydrogen containing discharges,

253

surface characterization and reaction
analysis, 263-264

see also Radical-surface interactions;
Surface chemical reactivity, SiHy
radicals

Plasma processing

crystalline silicon surface exposed to
chlorine plasma, 154

examples of etch profiles, 153

ion-surface interactions, 155-156

length scales, 152-153

molecular dynamics (MD) simulations,
149-150

nature of plasma-surface interactions,
153-155

processing wafers, 151-152

schematic of typical plasma reactor,
151

semiconductors, 150-152

simulation procedure, 156-161

typical conditions of nonequilibrium
plasmas, 151
see also lon-assisted etching; Molecular
dynamics (MD)
Plasma-surface interactions
nature, 153-155
steady-state depth composition
profile, 154
Platinum, slab model, 366
Polarizable continuum model (PCM), 328
Polarizable potentials, multibody
interactions, 322-323
Polymerization of olefins, 380
Polymers
block and random copolymers, 17-18
configuration snapshot of semiflexible
systems, 16
hyperparallel tempering Monte Carlo
(HPTMC), 11-15
liquid-liquid phase diagram for
semiflexible/flexible mix, 17
phase diagram for semiflexible and flexible
polymers, 16
semiflexible, and blends with flexible,
15-17
Pore size distribution (PSD)
activated carbon to methane adsorption,
220-221
density functional theory (DFT) results,
231,232
Dubinin-Stoeckli (DS),
Horvath-Kawazoe (HK) and DFT
methods, 238
grand canonical Monte Carlo (GCMC) for
CHy, CF4, and SFg isotherms, 223
model silica glasses, 240, 241
testing robustness for DFT, 229-230
see also Geometric pore size distribution
Porous glasses
generation of model, 207
geometric pore size distribution, 207-208
interpreting adsorption isotherms,
208-209
quench molecular dynamics methods,
206-209
reverse Monte Carlo technique, 209
Porous materials
classical thermodynamic models, 205
disordered model microstructure, 204
modeling pore structure, 204
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Porous materials (continued )
molecular simulation calculations, 204
pore structure characterization, 203-204
semiempirical models, 205
simple geometric model, 204
statistical thermodynamic theories, 205
templated, 216-218
thermodynamic models, 204-205
see also Disordered structure models;
Simple geometric pore structure
models
Propene, geometries during protonation,
416,417
Propylene, changes in energy of adsorption
of protonated, 425
Protein molecular evolution
ab initio evolution of protein with specific
function, 99
amino acid substitution, 105
background on experimental, 100-102
base substitutions, 100
challenge of swapping protocols, 110
connection between codon usage and
DNA shuffling, 113
current state-of-the-art techniques,
101-102
description, 98-99
discovery of DNA shuffling, 100-101
DNA base mutation, 111, 112, 113
DNA base substitution, 115
DNA shuffling, 105, 107, 116
energy functions of NK form, 103
energy of interaction between secondary
structures, 104
evasion of immune system, 117
evolution of multiprotein complex, 99
evolution of new life forms, 99
evolved resistance, 117
examples of exploiting codon
potentials, 113
examples of swapping by nature, 114-115
experimental conditions and constraints,
104-105
generalized NK model, 102-104
genes and operons evolved by DNA
shuffling, 101
hierarchical decomposition of protein
space, 97-98
hierarchical decomposition of sequence
space, 99

hierarchical evolution protocols,
105-109

mixing, 108-109

Monte Carlo results of evolution
protocols, 107

multipool swapping, 109

mutation tendencies for DNA, 112

natural analogs of protocols, 113-115

parallel tempering, 108-109

pests and parasites evading chemical
control, 116

possible experimental implementations,
109-111

random or directed mutagenesis, 100

searching space, 97

simulated molecular evolution
protocols, 106

single-pool swapping, 107

specific energy function as selection
criterion, 103

Proximity effect, group contribution

models, 336

Pseudopotential method, Car—Parrinello,

367-368

Q

Quantum chemical calculations

ab initio molecular simulations, 316

activity coefficients, 341

application of group contribution methods
to large compounds, 341

application to chemical engineering,
346-347

availability of computational
packages, 346

charging free energy contributions,
337-338

charging free energy from continuum
solvation models, 327-328

chosen pair potential and polarization
term, 323

correcting for structure and proximity
effects, 336

dilute activity coefficients, 331

energies by Hartree—Fock with
6-311++G(3d,2p) basis set, 344

GCS model for octanol-water partition
coefficient (GCSKOW), 332
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GCSKOW model with multipole
correction method, 337, 338-339

GCSKOW model with simple group
contribution method, 337

Gibbs ensemble Monte Carlo (GEMC)
for predicting phase behavior,
319-321

group contribution solvation (GCS)
model, 330-332

group scale factor for functional groups,
329

hydrogen bonding, 346

infinite dilute activity coefficient of
ethanol in heptane, 333

infinite dilute activity coefficients, 326-327

influence of proximity effects, 339-341

interaction model including polarization,
324

isotropic and anisotropic polarizability,
323-324

MC computer simulation methods, 315

MC simulation of water, 316-317

molecular simulations, 315

multibody interactions, 321-322

pair interaction energies of acetonitrile
and methanol, 319

perturbation methods for computing
interaction energies, 318

phase behavior, 321

phase equilibria predictions, 341-346

polarizable continuum model (PCM), 328

potential energy surface between two
molecules, 317

procedure to determine interaction
energies, 342

scale factor in charging free energy
calculations, 330

scale factors and temperature dependence,
334-335

sequential use of ab initio and molecular
simulations, 316

shortcomings of group contribution,
335-336

simulations (GEMC) of vapor-liquid
equilibria, 321

small clusters of strongly interacting
molecules, 341-342

solvation models for thermodynamic
properties, 325-326

solvation process in two steps, 326
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supermolecular method, 317-318

temperature effects by continuum
solvation, 332-334

thermodynamic property predictions,
335-341

two-body potentials and macroscopic
property predictions, 318-319

UNIQUAC and Wilson activity coefficient
models, 342, 344-345

using polarizable potentials, 322-323

vapor-liquid coexistence diagrams, 320

vapor pressure, 320

water models, 324-325

R

Radial distribution functions (RDFs),

209,211

Radical-surface interactions

atomic-scale simulation studying
deposition, 255

atomic-scale theoretical studies, 254

atomistic simulation methods, 254-255

characterizing surfaces, reactivity, 264-265

clusters containing Si atoms in plasmas,
288-289

density functional theory (DFT), 257-258

disilane formation, 278-279

dissociative adsorption mechanism,
274-275

dominant deposition precursor, 284-286

Eley-Rideal H abstraction, 277

empirical description of interatomic,
258-260

film growth mechanisms by PECVD, 273

film surface composition, 283-284

hierarchical approach, 255-257

hydrogen abstraction by SiHj3 radical,
276-278

impact of SigHj3 clusters on film defects,
290

kinetic Monte Carlo (KMC) methods, 255

Langmuir-Hinselwood H removal,
277-278

mechanism of amorphous silicon film
growth, 280-281

mechanism of attachment for SiH radical,
286-287

mechanism of SiH penetration, 287-288



08/16/2001

05:19 PM Chemical Engineering-v28

PS069-Ind.tex

PS069-Ind.xml

480 INDEX

Radical-surface interactions (continued)
nanosecond-time scale MD of film
growth, 273
reactions of SiH, radical with H:Si surface,
268-269
role of chemically reactive minority
species, 286-290
SiH, radical, possible adsorption sites, 268
SiHj; insertion reactions and dissociative
adsorption events, 275
SiHj radical attaching to pristine Si
surface, 269
SiHy radicals with amorphous silicon films,
270-272
SiHy radicals with crystalline silicon
surfaces, 266269
SigH13 cluster with a-Si:H surface, 289
structure of crystalline and amorphous
silicon, 265-266
surface characterization and reaction
analysis, 263-264
surface chemical reactions during film
growth, 274-280
surface evolution and characterization,
281-283
surface preparation, 260-263
see also Surface chemical reactivity, SiHy
radicals
Random copolymers
hyperparallel tempering Monte Carlo
(HPTMC), 17-18
phase diagram, 18
Random phase volume model
functional form, 94
materials discovery, 92-94
number of phase points, 93
Reactivity of surfaces, see Surface chemical
reactivity, SiHy radicals
Reactor design and kinetics, 123-124
Relaxation, viscous liquids, 28
Renormalization group theory
bicontinuous phase reactions, 132-134
flow equations, 133-134
framework for identifying system
behavior, 132
implementing analysis, 133
phase-space flow diagram, 134
Replica Ornstein—Zernicke (ROZ) integral
equations, 217-218
Reverse Monte Carlo (RMC)

agreement with physical properties,
212-213
morphological model for microporous
carbon, 209-211
procedure, 210-211
Rotational diffusion, 31-32

S

Sampling, materials discovery, 91-92
Sastry density, description, 68
Sastry point
superheated liquid and, 68
theoretical predictions, 69
Self-assembled system, applications, 124
Semiconductors, plasma processing,
150-152
Semiflexible polymers
configuration snapshot, 16
liquid-liquid phase diagram, 17
phase diagram, 16
see also Polymers
Sequence space, hierarchical
decomposition, 99
Short time regime, droplet phase, 143-144
SiH radicals, see Surface chemical reactivity,
SiH, radicals
Silica (SiO;)
strong glass former, 56
topographic illustration, 57
see also Supercooled liquids and glasses
Silicon
atomic configuration after CF; fluence,
185
average yield of major sputtered species,
188
C and F content as function of CF7
fluence, 183
C, F, and Si depth profiles for CF*, 196,197
CF* and CFJ deposition, 190-198
CF; etching, 182-186
deposition yield of F and C for CF* and
CF;, 195
depth profiles for Si, F, and C after
CF{, 186
etch yield and fluorocarbosilyl layer
thickness, 187
interfacial SiyCyF, layer thickness for CF*
and CF;, 198
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product angular distributions as function
of angle, 192

product distributions in CFJ etching,
186-190

product kinetic energy distributions, 191

sticking coefficients of F and C for CF*
and CF;r ,195

surface content, 184

uptake of F and C as function of CF*
fluence, 193

uptake of F and C as function of CF;
fluence, 194

yields of major products, 189

see also lon-assisted etching

Silicon film growth

clusters with Si atoms in plasmas,
288-289

disilane formation, 278-279

dissociative adsorption, 274-275

Eley-Rideal H abstraction, 277

evolution of surface roughness in MD
simulation, 282-283

film surface composition, 283-284

hydrogen abstraction by SiHj3 radicals,
276-278

impact of SigHj3 clusters, 290

Langmuir-Hinselwood H removal,
277-278

MD simulations of SigH;3 clusters, 289

mechanism of amorphous, 280-281

mechanism of SiH radical attachment,
286-287

mobility of SiH3 radical on amorphous
growth surface, 279-280

plasma-surface interactions, 273

role of chemically reactive minority
species, 286-290

role of dominant deposition precursor,
SiH3, 284-286

SiHj3 insertion reactions, 275

SiH penetration mechanism, 287-288

surface chemical reactions during, 274-280

surface evolution and characterization,
281-283

see also Radical-surface interactions;
Surface chemical reactivity, SiHy
radicals

Simple geometric pore structure models

adsorption isotherms and pore size

distribution (PSD), 230
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carbon micropore distributions, 237, 239

classical adsorption models, 239-244

comparing pore filling correlations for
nitrogen in MCM-41, 241

adsorption and percolation, 223

density functional theory (DFT)
adsorption models, 225-231

DFT model isotherms for various gases,
228-229

Dubinin adsorption models, 236-239

Dubinin and Astakhov (DA) equation,
236-237

Dubinin-Radushkevitch (DR) equation,
236

Dubinin-Stoeckli (DS) method, 237

excess adsorption by adsorption integral
equation, 218-219

Fredholm integral equations, 219-220

Gibbs ensemble Monte Carlo (GEMC),
222,224-225

grand canonical Monte Carlo (GCMC),
222

Horvath-Kawazoe (HK) method, 231,
233-234

interchange steps, 224

Kelvin equation, 239

Lennard-Jones models, 222

mean pore sizes of adsorbents, 240

model nitrogen adsorption isotherms, 243

modified Horvath—-Kawazoe models, 235

modified Kelvin (MK) equation, 239-240

molecular displacements, 224

molecular simulation adsorption models,
222-225

percolation theory with GCMC, 222

pore filling model, 242

pore filling pressure and pore width, 226

pore filling pressure correlations, 243

pore size distribution (PSD) for methane
adsorption, 220-221

PSD using GCMC for CHy, CF4, and SFg,
223

PSDs by various methods, 238

PSDs for model porous silica glasses, 241

schematic of GEMC method, 224

semiempirical adsorption models, 231,
233-239

shortcomings spurring efforts to modify
Kelvin, 240, 242

volume exchange steps, 225
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Simple geometric pore structure
models (continued )
weighting function for DFT, 227-228
Single-pool swapping, 107
Slab model, platinum(111) surface, 366
Solid acid catalysts, see Zeolite catalysis
theory
Solids, melting points by Car—Parrinello,
387,389
Solvation process, 325, 326
Space of variables, materials discovery, 84-85
Sputtering
description, 157
see also lon-assisted etching
Steepest descent mapping, 35
Stokes—Einstein equation, 31, 58
Structural order parameters
bond-orientational, 4647
crystal-independent measures, 48
Lubachevsky-Stillinger protocol, 49
measuring degree of translational order,
47-48
ordering phase diagram, 48-50
specific bond-orientational, 47
terminology, 46
Voronoi-Delaunay tessellation, 4647
Superacid catalysis, 403-405
Supercells
structural and bonding properties of
water, 378-380
water, 365
Supercooled liquids and glasses
bond-orientational order parameters,
46-47
characterization of voids, 40
chemical engineering science, 22-23
crystal-independent measures, 48
density dependence of average pressure,
42-43
energy landscape, 33-39
entropy for liquids and stable crystals,
29-30
expanding system to lower densities,
43-44
geometric algorithm, 40-41
geometric analysis of void space, 43
glass transition temperature, 24
glass transition transformation range,
25-26
good glass-forming materials, 44-45

hydrogen bonds in aqueous systems, 45

isobaric relationship between volume and
temperature, 25

Kauzmann paradox, 30

Kauzmann temperature, 29-30

kinetics and thermodynamics, 30-31

Kohlrausch-Williams—Watts (KWW)
function, 28-29

landscape dynamics and relaxation
phenomena, 50-60

morphology of Lennard—Jones inherent
structures, 42

nonexponential relaxation, 28

ordering phase diagram, 48-50

parameter for degree of translational
order, 47-48

quantifying molecular disorder, 45-50

questions from Lennard—Jones fluid, 44

relationship between enthalpy and
temperature, 26

relationship between volume and
temperature, 24, 25

rotational diffusion and viscosity, 31-32

scalar measures for translational order, 47

shape of pressure versus density curve, 44

shifted-force Lennard—Jones system, 42

specific bond-orientational order
parameter, 47

statistical geometry and structure, 39-50

strong-fragile classification of liquids, 28

structural order parameter, 46

substances known to form glasses, 24

Tg depending on cooling rate, 24-25

thermodynamics, 60-70

tools and protocols, 32

translational and rotational motion, 31-32

truly random system, 46

viscosity by Vogel-Tammann-Fulcher
(VTF), 26-27

viscosity of glass-forming liquids, 27, 28

viscosity of supercooled liquids, 27

vitrification, 23-29

void geometry and energy landscape,
40-45

volume and surface area of packings, 40, 41

see also Energy landscape; Landscape
dynamics and relaxation;
Thermodynamics of supercooled
liquids and glasses

Superionic conductor, 376-377
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Supermolecular method, 317-318
Surface chemical reactivity, SiHy radicals
characterizing surface reactivity, 264-265
crystalline and amorphous silicon surfaces,
265-266
possible adsorption sites of SiH, radical,
268
projections of SiHj center-of-mass
trajectories, 271
radical impingement on a-Si:H surfaces,
272
reactions of SiH, radical with H:Si surface,
268-269
reactivity maps, 266, 270
SiH radical, 272
SiHj; radical attaching to pristine Si
surface, 269
SiH, radicals and silicon surfaces, 267-269
SiHy radicals with amorphous silicon films,
270-272
SiHy radicals with crystalline silicon
surfaces, 266-269
Surface roughness
evolution during film growth, 282-283
ion-surface scattering, 174-178
Surfactant solutions
aggregation to large, stable clusters, 302
assembly into nanostructures, 298
behavior of (I1) and (I2) interaction sets,
304-305
cmc vs. inverse temperature, 307
critical micelle concentrations (cmc),
306-307
dimensionless ratio, 298
exchange energy parameters, 300-302
homopolymer chains, 302-304
macroscopic phase separation to micellar
aggregates, 308-309
methodological issues, 301-302
micellization processes, 299-300
models and methods, 300-301
mole fraction in dilute phase vs. inverse
temperature, 303
normalized cluster probability
distributions, 308
phase behavior of homopolymers, 303
phase diagrams of amphiphiles, 304
reduced osmotic pressure vs. volume
fraction surfactant, 306
role of different interaction sets, 304-308
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self-assembly of amphiphilic molecules,
299

simulation details, 300-302

snapshot of H;T4(12), 305

snapshot of HyTy(11), 305

snapshot of H,Ty4(12), 306

surfactant architectures and interaction
energy sets, 300

time scales for micellar aggregate
formation, 299

Swapping

acceptance rate, 19

benefit, 2

changing variables, 87-88

DNA, 115

examples by nature, 114-115

hyperparallel tempering Monte Carlo,
4-5

ITCHY and SCRATCHY techniques,
110-111

Monte Carlo simulation results, 107

multipool, 109

schematic diagram, 106

single-pool, 107

technical challenge by protocols, 110

Symmetry-adapted perturbation theory
(SAPT), 318

T

Temperature effects, 332-334
Templated porous materials
illustration of porous matrix by
templating, 216
Monte Carlo simulations, 217-218
Percus—Yevick closure, 217
replica Ornstein—Zernicke (ROZ) integral
equations, 217-218
Templating, porous matrix, 216-218
Temporal regimes, droplet phase, 141-143
o-Terphenyl (OTP)
fragile glass former, 56-57
topographic illustration, 57
Thermodynamics of supercooled liquids and
glasses
basin enumeration function, 60-62
disordered materials, 69-70
macroscopic system with Gaussian
landscape, 66-67
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Thermodynamics of supercooled liquids and
glasses (continued)
Gaussian landscape parameters, 66
Helmbholtz energy, 61
ideal glass, 64
isobaric basin enumeration functions, 62,
63, 65
isobaric excitation profiles, 64
isobaric excitation profiles and isochoric
profiles, 65-66
low-temperature termination of
Kauzmann curve, 68-69
maximum tensile strength of amorphous
material at Sastry density, 68
partition function as one-dimensional
integral over basin depth, 61
phase diagram of soft-sphere plus
mean-field model, 70
relations for systems with Gaussian
landscapes, 66—67
spinodal curve for superheated liquid and
Sastry point, 68
stretched liquids and glassy state, 67-68
temperature-dependent basin depth,
62-64
theoretical predictions of Sastry point, 69
thermodynamic properties and energy
landscape, 61
Third Law of Thermodynamics, Kauzmann’s
paradox, 29-30
Tiling model, supercooling and glass
formation, 55
Transition state energies, hydrocarbon
activation, 420-421
Triblock copolymers
complex two-dimensionally ordered ABC
phases, 457
metastable states from preordered states,
459
morphology and metastability,
456-459
transition from two- to three-domain
structure, 458
see also Diblock copolymers

U

UNIQUAC model, activity coefficients, 342,
344-345
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v

Vapor-liquid coexistence diagram
acetonitrile, 320
methanol, 320
Vapor-liquid equilibrium diagram, acetone +
water, 345
Vapor pressure
acetonitrile, 320
methanol, 320
Variables, space of, materials discovery,
84-85
Viscosity
glass-forming liquids, 26-27
glass-forming liquids in Arrhenius fashion,
27,28
rotational diffusion and, 31-32
Vogel-Tammann-Fulcher (VTF)
equation, 26-27
Vitrification, see Supercooled liquids and
glasses
Vogel-Tammann-Fulcher (VTF) equation,
viscosity, 26-27
Void space, geometry of pore structure, 40
Voronoi-Delaunay tessellation, 41

w

Wafers processing, 151-152
Water
cubic supercell, 365
models based on effective potential,
324-325
Monte Carlo from ab initio calculations,
316-317
structural and bonding properties,
supercells, 378-380
Water, deuterated, infrared spectrum, 380,

381
Wilson model, activity coefficients, 342,
344-345
X
Xerogels
grand canonical Monte Carlo (GCMC),
213-216

perturbations, 213
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simulated adsorption and desorption
isotherms, 215
visualizations from GCMC, 215

Z

Zeolite catalysis theory

activation energies for isomerization and
protonation, 431, 432

bonding within zeolite framework,
405-406

Born repulsion expression, 406-407

catalytic cycle of zeolite-catalyzed
reaction, 400

density functional theory (DFT), 402403

dependence of energy of adsorption for
linear alkanes, 409-410

energies of adsorption for hydrocarbons
and zeolites, 410411

entropy expression, 403

flexibility of zeolite framework, 405

hexane in zeolite micropore, 406

hydrocarbon activation by zeolitic protons,
414-427

hydrogen attached to bridging oxygen
atom, 403-404

hydroisomerization reaction, 427-428
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interaction potential, 406

isomerization reaction of hexene, 428-430
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