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Ab initio nonadiabatic electron wavepacket

dynamics, 95–97

path branching, non-Born-Oppenheimer

quantum chemistry, 100

ADF dynamics:

electronic wavepacket/nuclear wavepacket

dynamics, 113–114

nuclear wavepacket, nonclassical path, 111

Adiabatic basis set, velocity distribution and

wavelength approximation,

124–127

Adiabatic electronic state (AES), non-Born-

Oppenheimer theory, quantum

chemistry, 108

Adiabatic wavefunctions:

path branching, force matrix applications, 107

path branching classical mechanics, 103

Amphiphilic molecules:

liquid bilayer simulation, 162–163

orientation distribution, 204–210

solubility and membrane constraints,

188–197

structural properties, 157–158

Angle-angle correlation, liquid bilayer

simulation, 197–204

Atomistic simulations, liquid bilayers,

162–163

surface normal correlation, 197–204

Attosecond electron dynamics, 97

Barker-Henderson (BH) division, pair

interaction potential, 50–51

Basis functions:

path branching classical mechanics,

eigenforces, 104–105

Rosenfeld’s fundamental measure theory,

38–39

BBGKY hierarchy, dynamical density

functional theory, 64–68

Brownian dynamics, 69–70

Bessel function, fundamental measure theory,

density calculations, 47

Bilayer isotherm:

liquid bilayers:

lateral tension fluctuations, 213–214

radius of gyration, 210–211

liquid bilayer simulation:

lateral tension, 165–171

membrane constraints, 193–197

structure factor, 174–183

Bilayer structures. See also Liquid bilayers

basic properties, 157–158

Black-box derivation, liquid bilayer simulation,

164–171

Body-centered cubic (BCC) lattices:

hard-sphere freezing models, 28–30

mean-field theories, 55–61

Boltzmann distribution, liquid bilayer

simulation, surface normal

correlation, 198–204

Boltzmann equation, dynamical density

functional theory, 67–68

Boltzmann’s constnat, density functional theory,

statistical mechanics, 5–6

Bond-order flux, semiclassical Ehrenfest theory,

numerical analysis of molecular

systems:

diborane, 143

methyl alcohol, 143–145

Born-Oppenheimer approximation. See also

Non-Born-Oppenheimer theory

eiginvalue problem in, 152–153

errors in, 95

kinematic electron coupling, 94
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Brownian dynamics, dynamical density

functional theory, 68–70

Bubble nucleation, dynamical density functional

theory, 73–78

Buckling transitions, liquid bilayer simulation,

215–217

Bulk liquid state models, density functional

theory, 31–33

Canham-Helfrich Hamiltonian, liquid bilayer

simulation, 163

small-gradient theory, 185–188

structure factor, 173–183

Capillary approximation, dynamical density

functional theory, 73–78

Capillary-wave theory:

lipid bilayer simulation, 159–163

small-gradient theory and, 183–188

structure factor, 171–183

liquid bilayer simulation, membrane

constraints, 188–197

Carnahan-Starling approximation, hard-sphere

freezing, 28–30

Cavity models:

density functional theory, small cavity model,

10–11

fundamental measure theory, 41–44

Chain rule, density functional theory and, free

energy excess, 12–14

Chapman-Enskog equation, dynamical density

functional theory, 63–64, 67–68

Chemical potential, dynamical density

functional theory, energy surface

and nucleation, 75–78

Classical Nucleation Theory (CNT),

dynamical density functional

theory, 74–78

Cluster chemistry, dynamical density functional

theory, 75–78

Coarse grained density, dynamical density

functional theory, 71–72

Collinear collision, lithium hydroxide,

144–147

Collision, laser field intensity:

lithium hydroxide:

collinear collision, 144–147

planar collision, 147–150

semiclassical Ehrenfest theory, numerical

analysis of molecular systems,

143–150

Commutation relation, electronic wavepackets,

velocity distribution and

wavelength approximation,

125–127

Compressibility equation, mean-field theories,

56–61

Computational techniques, semiclassical

Ehrenfest theory, numerical

analysis of molecular systems,

128–131

Configuration state function (CSF),

semiclassical Ehrenfest theory,

numerical analysis of molecular

systems, methane bond length/order

response, 131–133

Constant pressue ensemble, liquid bilayer

simulation, structure factor, 183

Continuous surface model, liquid bilayer

simulation, 163

Conversion table for field parameters,

semiclassical Ehrenfest theory,

molecular systems analysis,

130–131

Cosine averages, lipid bilayer simulation,

orientation distribution,

205–210

Coulombic interaction potential:

electronic nonadiabatic theory, laser fields,

115

nuclear wavepacket theory, 97–98

Crossing regions of energy surfaces, Born-

Oppenheimer approximation errors

concerning, 95

Crumpling transition, liquid bilayer simulation,

215–217

Curvature divergence, liquid bilayer simulation,

structure factor, 177–183

Delta function, dynamical density functional

theory, 70–72

Density calculations:

dynamical density functional theory, 68

fundamental measure theory, 46–47

Density functional theory (DFT):

current issues and future research, 78–79

dynamical DFT, 62–72

applications, 72

Brownian dynamics, 68–70

interpretation, 70–72

kinetic theory and, 64–68
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energy surface methods, nucleation and,

72–78

evolution of, 2–4

free energy functional, 49–51

functional equation integration, 9

fundamental theorems, 6–9

hard rods, FMT calculations, 33–34

statistical mechanics, 79–83

ideal gas contribution to free energy, 10

liquid state models, 19–33

bulk liquid state properties, 31–33

hard sphere freezing, 27–30

liquid-solid interface, 30

nonlocal theories, 24–27

perturbation theory models, uniform liquid

state, 21–24

square gradient model, 19–21

mean-field theories, 53–61

pair distribution function and, 52–53

parameterized profiles and gradient

expansions, 15–19

small cavity model, 10–11

statistical mechanics, 4–6

summary of theorems, 78

tail contribution, perturbative theories,

51–52

Density profile, density functional theory,

parameterized profiles and gradient

expansions, 15–19

Diborane, semiclassical Ehrenfest analysis,

129–130

geometry of, 137–138

Diffusion coefficient, dynamical density

functional theory, 63–64

Dimensional analysis, fundamental measure

theory:

Rosenfeld’s fundamental measure theory,

37–39

Tarazona functional and, 40–44

Dirac delta function, liquid bilayer simulation,

membrane constraints, 189–197

Direct correlation functions (DCFs):

density functional theory:

free energy excess, 12–14

hard sphere freezing, 28–30

hierarchy of, 14–15

parameterized profiles and gradient

expansions, 18–19

liquid state models:

bulk liquid state models, 31–33

modified weighted density approximation,

23–24

simple position-dependent effective liquid,

24–26

squared gradient liquid state model, 20–21

Tarazona’s weighted density theory, 27

weighted density approximation, 26–27

mean-field theories and, 55–61

pair distribution function, 53

Dissipative particle dynamics (DPD), liquid

bilayer simulation, 161–163

Dissipative stress, dynamical density functional

theory, 67–68

Dissociation, laser field intensity, semiclassical

Ehrenfest theory, numerical

analysis of molecular systems,

143–150

Dynamical critical phenomena, dynamical

density functional theory, 63–64

Dynamical density functional theory (DDFT),

62–72

applications, 72

Brownian dynamics, 68–70

interpretation, 70–72

kinetic theory and, 64–68

Eigenforces, path branching classical

mechanics, 104–105

Eigenvalues, molecular system analysis,

152–153

Elasticity equation, lipid bilayer simulation:

orientation distribution, 204–210

small-gradient theory, 187–188

Electromagnetic field, electronic nonadiabatic

theory, total Hamiltonian, 115

Electron flux, semiclassical Ehrenfest theory,

numerical analysis of molecular

systems:

diborane, 142–143

laser induction, 139–143

methyl alcohol, ground and first excited states,

139–142

Electronic ket-bra vectors, path branching

classical mechanics, 102–103

Electronic nonadiabatic theory:

intense laser field, 114–128

electron-nuclei coupled dynamics, 117–121

Hellmann-Feynman approximation, matrix

element, 127–128

mean-field approximation, 121–122
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Electronic nonadiabatic theory: (Continued)

mixed quantum classical representation,

116

nonadiabatic force-laser field coupling,

122–123

optical field Hamiltonian, 115

velocity and length form, 123–127

mean-field theory/semiclassical Ehrenfest

theory, 98–99

nuclear wavepacket theory, 97–98

path branching, 99–108

classical mechanics force matrix, 101–108

coupling-free region, 106–107

eigenforces, 104–105

equations of motion, 101–103

phase-space averaging, non-Born-

Oppenheimer paths, 105–106

phase-space averaging and natural

branching, 107–108

semiclassical Ehrenfest theory reduction,

103–104

Electronic state charge, electron-nuclei coupled

dynamics, 123

Electronic-state mixing, path branching, force

matrix applications, 108

Electron-nuclei coupled dynamics, electronic

nonadiabatic theory, laser fields,

117–121

Electron transfer dynamics, nonadiabatic

coupling, ab initio wavepacket

calculations, 95

Electron wavepacket dynamics:

electronic nonadiabatic theory, laser fields:

electron-nuclei coupled dynamics, 117–121

mean-field approximation, 122

electronic wavepacket/nuclear wavepacket

dynamics, 113–114

laser technology and, 95–97

nonadiabatic transition, 95

nonadiabatic force-Lorentz force coupling,

123

semiclassical Ehrenfest theory, 98–99

velocity distribution and wavelength

approximation, 123–127

Energy barriers, dynamical density functional

theory, 72–78

Energy surface methods, dynamical density

functional theory, 72–78

Ensemble averaging, dynamical density

functional theory, 71–72

Enskog equation, dynamical density functional

theory, 63–64, 67–68

Equations of motion:

nuclear wavepacket:

ADF/NVG integration, 113

non-Born-Oppenheimer theory, quantum

chemistry, 109, 113

path branching classical mechanics,

101–103

Equilibrium distribution, density functional

theory, 6–7

Equipartition theorem, lipid bilayer simulation,

small-gradient theory, 185–188

Euler-Lagrange equation:

density functional theory, 8–9

bulk liquid state, 32–33

correlation functions, 14–15

free energy excess, 12–14

hard sphere freezing, 27–30

ideal gas free energy, 10

integration of, 9

parameterized profiles and gradient

expansions, 15–19

small cavity model, 10–11

squared gradient model, 20–21

dynamical density functional theory, 62–64

kinetic theory approach, 65–68

nucleation, 75–78

fundamental measure theory:

hard rods, 34

Rosenfeld’s theory, 36–39

Wall theorem, van der Waals model proof,

85–88

Excess functional:

density functional theory, free energy

expression, 11–14

non-hard sphere models, 79

‘‘Extended’’ bilayers:

liquid bilayer simulation:

buckling transition, 215–217

lateral tension, 166–171, 213–214

membrane constraints, 191–197

radius of gyration, 210–211

structure factor, 174–183

true area calculations, 211–212

surface normal correlation, 199–204

‘‘Extended’’ dynamical density functional

theory, 63–64

projection operator techniques, 68

External field/density distribution mapping, 3
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Face-centered cubic (FCC) lattices:

fundamental measure theory, Tarazona and

Rosenfeld functions, 44

hard-sphere freezing models, 28–30

mean-field theories, 55–61

Feynmann kernel, nuclear wavepacket,

nonclassical path:

normalized variable Gaussians, 110–111

quantum diffusion, 112–113

Finite-size corrections, liquid bilayer simulation,

membrane constraints, 192–197

Fixed nuclei approximation, semiclassical

Ehrenfest theory, numerical

analysis of molecular systems, laser

field intensity, 133–135

Flat membrane model, liquid bilayer simulation,

membrane constraints, 196–197

‘‘Floppy’’ region, liquid bilayer simulation:

buckling transition, 215–217

lateral tension, 166–171, 213–214

membrane constraints, 191–197

radius of gyration, 210–211

small-gradient theory, 187–188

structure factor, 175–183

surface normal correlation, 201–204

Fluctuating force, dynamical density functional

theory, 70–72

Fluid mechanics:

density functional theory and, 2–4

nuclear wavepacket equation of motion, 109

Fokker-Planck equation, dynamical density

functional theory, Brownian

dynamics, 69–70

Force matrix:

electronic nonadiabatic transition, electronic

state change, 123

path branching classical mechanics, 101–108

coupling-free region, 106–107

eigenforces, 104–105

equations of motion, 101–103

phase-space averaging, non-Born-

Oppenheimer paths, 105–106

phase-space averaging and natural

branching, 107–108

semiclassical Ehrenfest theory reduction,

103–104

Fourier space:

density functional theory, parameterized

profiles and gradient expansions,

16–19

liquid bilayer simulation:

small-gradient theory, 184–188

structure factor, 171–183

true area calculations, 212

Fourier transform, weighted density

approximation, liquid state

models, 26–27

Free energy:

density functional theory:

free energy functional, 49–51

hard sphere freezing, 27–30

parameterized profiles and gradient

expansions, 15–19

density functional theory and, 2–4

excess expression, 11–14

ideal gas contribution, 10

interaction potential, 8

dynamical density functional theory, 70–72

energy surface and nucleation, 74–78

fundamental measure theory, 39–40

Freezing, density functional theory, early

models, 21

Fundamental Measure Theory (FMT):

density functional theory and, 3

hard sphere freezing, 33–48, 79

density calculations, 46–47

dimensional reduction and Tarazona

functional, 40–44

future research issues, 47–48

hard rod motivation, 33–34

higher dimension generalization, 34–35

refinement, 39–40

Rosenfeld’s theory, 35–39

White-Bear functional, 44–46

mean-field theories and, 56–61

non-hard sphere applications, 49

two-body term, 83–85

Wall theorem, van der Waals model proof,

86–88

Gaussian approximation:

density functional theory:

hard sphere freezing, 28–30

parameterized profiles and gradient

expansions, 16–19

fundamental measure theory, 39–40

density calculations, 46–47

molecular system analysis, semiclassical

Ehrenfest theory, computational

techniques, 128–129
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Gaussian approximation: (Continued)

nuclear wavepacket, nonclassical path:

height exponent rescaling, 111

normalized variable, 110–111

Gaussian density parameterization, mean-field

theories, 55–61

Gaussian distribution, liquid bilayer simulation,

lateral tension fluctuations,

213–214

Gaussian integrals:

lipid bilayer simulation:

small-gradient theory, 185–188

structure factor, 172–183

liquid bilayer simulation, membrane

constraints, 190–197

Generalized effective liquid theory:

fundamental measure theory, Tarazona and

Rosenfeld functions, 44

hard-sphere freezing, 28–30

uniform liquid state models, 23

Geometrical change, nonadiabatic coupling,

semiclassical Ehrenfest theory,

numerical analysis of molecular

systems, 135–138

Gibbs-Duhem equation, dynamical density

functional theory, 67–68

Ginzburg-Landau theory. See also Time-

dependent Ginzburg-Landau theory

density functional theory and, 3

Glass transition, ‘‘extended’’ dynamical density

functional theory, 63–64

Globular protein models, mean-field theories,

55–61

Goldstone mode, lipid bilayer simulation,

structure factor, 172–183

Gradient expansion:

density functional theory, 15–19

dynamical density functional theory, 73–78

Grand-canonical free energy, density functional

theory, hard sphere freezing,

27–30

Grand Canonical Monte Carlo simulations,

mean-field theories, 58–61

Grand partition function:

hard rods, density functional theory for, 79–83

hard rods, FMT calculations, 33–34

Granular systems, dynamical density functional

theory, 63–64

Gravitational field, lipid bilayer simulation,

structure factor, 173–183

Hamiltonian equations, density functional

theory, statistical mechanics, 4–6

Hamilton-Jacobi equation, nuclear wavepacket,

non-Born-Oppenheimer theory,

quantum chemistry, 109

Hard-core systems:

density functional theory, 3–4

fundamental measure theory and, 48

Hard rods:

density functional theory for, 79–83

fundamental measure theory and, 33–34

multidimensional calculations, 34–35

Hard sphere freezing:

density functional theory:

early models, 21

liquid state models, 27–30

fundamental measure theory, 33–48

density calculations, 46–47

dimensional reduction and Tarazona

functional, 40–44

future research issues, 47–48

hard rod motivation, 33–34

higher dimension generalization, 34–35

refinement, 39–40

Rosenfeld’s theory, 35–39

White-Bear functional, 44–46

‘‘Hat model’’ protrusions, liquid bilayer

simulation:

structure factor, 182–183

surface normal correlation, 204

Haymet-Oxtoby parameterization. See also

Ramakrishnan-Youssouff/Haymet-

Oxtoby theory

density functional theory, 18–19

uniform liquid state models, 21–22

Head-and-tail model, liquid bilayers, simulation

development, 160–163

Height-height correlation function, liquid

bilayer simulation, membrane

constraints, 192–197

Helfrich-Servuss equation, liquid bilayer

simulation, lateral tension, 170–171

Hellmann-Feyman force:

mean-field approximation, nuclear dynamics,

122

nonadiabatic transition:

matrix elements, 127–128

semiclassical Ehrenfest theory, 99

Helmholtz free energy:

dynamical density functional theory, 73–78
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liquid state models, density functional theory,

20–21

Hilbert space, path branching classical

mechanics, 102–103

Hohenberg-Kohn theorem, density functional

theory, 6

Hydrophilic groups, amphiphilic molecules,

157–158

Hydrophobic effect, liquid bilayer simulation,

162–163

Hydrophobic groups, amphiphilic molecules,

157–158

Hypernetted chain approximation, density

functional theory, bulk liquid state,

31–33

Ideal gas free energy, density functional theory

and, 10

Inhomogeneous system, pair-distribution

function, 52–53

Integrodifferential equation, weighted density

approximation, liquid state models,

26–27

Interaction potential, density functional theory,

8–9

Intermolecular forces, liquid bilayer simulation,

162–163

Ionization processes, electron wavepacket

dynamics, 97

Isothermal systems, dynamical density

functional theory, 67–68

Kernel effect, fundamental measure theory, two-

body contributions, 83–85

Kinetic energy, density functional theory,

statistical mechanics, 4–6

Kinetic theory, dynamical density functional

theory and, 64–68

Kirkwood-Buff derivation, liquid bilayer

simulation, lateral tension,

165–171

Lagrangian fluid mechanics, nuclear

wavepacket equation of

motion, 109

Landau theory polynomial, liquid bilayer

simulation, lateral tension, 165–171

Langevin equation, dynamical density

functional theory, 68

fluctuating force, 70–72

Langrangian multipliers, dynamical density

functional theory, energy surface

and nucleation, 75–78

Laser field intensity:

electronic nonadiabatic theory, 114–128

electron-nuclei coupled dynamics, 117–121

Hellmann-Feynman approximation, matrix

element, 127–128

mean-field approximation, 121–122

mixed quantum classical representation,

116

nonadiabatic force-laser field coupling,

122–123

optical field Hamiltonian, 115

velocity and length form, 123–127

semiclassical Ehrenfest theory, numerical

analysis of molecular systems:

bond length/order response, 131–133

dissociation and collision, 143–150

electron flux induction, 139–143

fixed nuclei approximation, 133–135

lithium hydroxide linear collision, 144–147

nonadiabatic interaction, 133

vector potential and, 128–129

Laser technology, electron wavepacket

dynamics, 95–97

Lateral tension, liquid bilayer simulation,

164–171

fluctuations, 212–214

membrane constraints, 191–197

Lattice vectors, fundamental measure theory,

39–40

Lennard-Jones units:

lipid structure, 158

liquid bilayer simulation, 159–163,

216–217

liquid-solid interface, 30

mean-field theories, 55–61

pair distribution function, 53

pair interaction potential, 50–51

Lindemann parameter:

fundamental measure theory, 48

hard-sphere freezing models, 28–30

Liouville equation, dynamical density functional

theory, 64–68

fluctuating force, 70–72

Lipids, structural properties, 158

Liquid ansatz, liquid state models, modified

weighted density approximation,

23–24
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Liquid bilayers:

buckling transition, 215–216

gyration radius, 210–211

lateral tension fluctuations, 211–214

Lennard-Jones units, 216–217

orientation distribution, 204–210

simulations:

development of, 158–163

lateral tension, 164–171

structure factor, 171–183

small-gradient theory, 183–197

intrinsic area membrane constraint,

188–197

standard capillary-wave applications,

183–188

surface normal correlation, 197–204

true area, 211

Liquid density, self-consistent effective liquid

theory, 22

Liquid droplet nucleation, dynamical density

functional theory, 75–78

Liquid-solid interface:

density functional theory:

applications, 30

parameterized profiles and gradient

expansions, 17–19

fundamental measure theory, Tarazona and

Rosenfeld functions, 43–44

Liquid state models:

current trends in, 79

density functional theory, 19–33

bulk liquid state properties, 31–33

hard sphere freezing, 27–30

liquid-solid interface, 30

nonlocal theories, 24–27

perturbation theory models, uniform liquid

state, 21–24

square gradient model, 19–21

Liquid-state theory, density functional theory

and, 3

Liquid-vapor interface:

density functional theory, squared gradient

liquid state model, 20–21

liquid state models, simple position-

dependent effective liquid,

24–26

mean-field theories, 53–61

pair-distribution function, 53

Liquid-wall interface, pair-distribution

function, 53

Lithium hydroxide, semiclassical Ehrenfest

analysis, 129–130

collision, 144–150

Local density approximation:

density functional theory, 7–8

squared gradient liquid state model, 20–21

dynamical density functional theory, 73–78

fundamental measure theory, 39–40

Log-log plots, liquid bilayer simulation,

structure factor, 179–183

Lorentz-like force:

electronic nonadiabatic transition:

electron-nuclei coupled dynamics, 120–121

Hellmann-Feyman force, 127–128

nonadiabatic, nuclear dynamics, 122

nonadiabatic force coupling, 123

path branching classical mechanics, 103

correction terms, 103–104

Mþ 1 density functions, dynamical density

functional theory, 76–78

Mansoori-Carnahan-Rasaiah-Stell theory, pair

interaction potential, 50–51

Mansoori-Carnahan-Starling-Leland (MCSL)

expression, fundamental measure

theory, white-bear functional,

45–46

Maslov index, nuclear wavepacket, nonclassical

path, velocity gradient, 110

Mass density, density functional theory,

statistical mechanics, 5–6

Maxwell equations, electronic nonadiabatic

transition, electron-nuclei coupled

dynamics, 119–121

Maxwellian velocity distribution, dynamical

density functional theory, 65–68

Mayer function:

fundamental measure theory, and hard

spheres, 35

short-ranged potential, 49

Mean-field theories. See also Semiclassical

Ehrenfest theory (SET)

electronic nonadiabatic transition:

electron wavepacket dynamics, 122

Hellmann-Feyman force, 127–128

nuclear dynamics, 121

short-ranged repulsion and long ranged

attraction, 53–61

Wall theorem, van der Waals model proof,

86–88
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Mean spherical approximation, short-ranged

attraction, 53–54

Membrane instrinsic area constraint, liquid

bilayer simulation, 188–197

Mermin theorem, density functional theory and,

3, 6

Mesoscopic simulation, lipid bilayer simulation,

159–163

structure factor, 172–183

Methane, semiclassical Ehrenfest analysis,

129–130

bond length/order response to laser frequency,

131–133

laser field intensity, fixed nuclei

approximation, 135

Methyl alcohol, semiclassical Ehrenfest

analysis, 129–130

bond-distance dynamics, 137

electron flux induction, ground and first

excited states, 139–142

photodissociation, 143–144

Micelle formation, liquid bilayer simulation,

162–163

Microscopic density, dynamical density

functional theory, 70–72

Mixed quantum classic mechanics, electronic

nonadiabatic theory, laser fields,

116

Modified weighted density approximation

(MWDA). See also Weighted

density approximation

bulk liquid state models, 31–33

hard-sphere freezing, 28–30

uniform liquid state models, 23–24

Molecular dynamics (MD), liquid bilayer

simulation, 161–163

Molecular systems, semiclassical Ehrenfest

theory, numerical analysis, 128–152

bond length and order, methane to laser

frequency, 131–133

computational techniques, 128–131

electronic state calculations, 130–131

field parameters and conversion, 130

vector potential and field intensity, 128–129

laser field intensity:

diborane:

electron flux, 142–143

geometrical change, 137–138

dissociation and collision in, 143–150

electron flux, 139–143

fixed nuclei approximation, 133–135

lithium hydroxide:

collinear colllision, 144–147

planar collisions, 147–150

methyl alcohol:

bond distance, 137

electron flux, 139–142

photodissociation, 143–144

nonadiabatic interaction, 133

nonadiabatic coupling, geometrical change,

135–138

diborane, 137–138

methyl aocohol bond-distance, 137

sodium chloride nonadiabatic transition,

150–152

Monte Carlo simulation, liquid bilayers,

161–163

Msoscopic density, dynamical density functional

theory, fluctuating force, 70–72

Multiple metastable solid states, fundamental

measure theory, 48

Navier-Stokes equation, dynamical density

functional theory, 67–68

Nearest-neighbor peak, liquid bilayer

simulation, surface normal

correlation, 203–204

Newtonian dynamics, dynamical density

functional theory, 64–68

Nonadiabatic transition:

future research issues, 152–154

intense laser field, 114–128

electron-nuclei coupled dynamics, 117–121

Hellmann-Feynman approximation, matrix

element, 127–128

mean-field approximation, 121–122

mixed quantum classical representation,

116

nonadiabatic force-laser field coupling,

122–123

optical field Hamiltonian, 115

velocity and length form, 123–127

mean-field theory/semiclassical Ehrenfest

theory, 98–99

nuclear wavepacket theory, 97–98

on-the-fly model, 94

path branching, 99–100

classical mechanics force matrix, 101–108

coupling-free region, 106–107

eigenforces, 104–105
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Nonadiabatic transition: (Continued)

equations of motion, 101–103

phase-space averaging, non-Born-

Oppenheimer paths, 105–106

phase-space averaging and natural

branching, 107–108

semiclassical Ehrenfest theory reduction,

103–104

semiclassical Ehrenfest theory, numerical

analysis of molecular systems:

geometrical change, 135–138

laser field intensity, 133

in sodium chloride, 150–152

Non-Born-Oppenheimer theory:

electronic wavepacket/nuclear wavepacket

combination, 113–114

future research issues, 152–154

mean-field theory and, 95

nonadiabatic transition, 94

on-the-fly model, 153–155

path branching, 100

force matrix, phase-space averaging,

105–106

quantum chemistry, 108–113

nuclear wavepackets, nonclassical path,

108–113

equation of motion, 109, 113

Gaussian height exponential rescaling,

111

normalized variable Gaussians,

110–111

velocity gradient term, 110

WKB velocity-gradient term,

112–113

semiclassical Ehrenfest theory, numerical

analysis of molecular systems,

laser induction, electron flux,

139–143

Non-equilibrium dynamics, dynamical density

functional theory, 62–64

current applications, 79

Nonlocal liquid state models, 24–27

simple position-dependent effective liquid,

24–26

Tarazona’s weighted density theory, 27

weighted density approximation, 26–27

Nonpolar solvents, liquid bilayer simulation,

163

Nonuniform systems, density functional theory,

free energy excess expression, 14

Normalized variable Gaussian (NVG):

electronic wavepacket/nuclear wavepacket

dynamics, ADF-NVG paths,

113–114

nuclear wavepacket, nonclassical path,

110–111

integrated equations of motion, 113

Nuclear phase space, path branching classical

mechanics, 102–103

Nuclear wavepackets:

electronic nonadiabatic transition, 97–98

electron-nuclei coupled dynamics,

118–121

laser fields, total Hamiltonian, 115

Lorentz-like force, 122

mean-field approximation, 121

electronic wavepacket/nuclear wavepacket

dynamics, 113–114

non-Born-Oppenheimer theory, quantum

chemistry, nonclassical paths,

108–113

equation of motion, 109, 113

path branching, force matrix applications,

106–107

phase-space averaging and natural branching

(PSANB), 108

Nucleation, dynamical density functional theory,

72–78

Nuclei, electronic nonadiabatic theory, laser

fields, electron-nuclei coupled

dynamics, 117–121

Nudged Elastic Band (NEB) model, dynamical

density functional theory, 77–78

One-body density, dynamical density functional

theory, Brownian dynamics, 69–70

One-dimensional hard rods, density functional

theory and, 3

On-the-fly model:

nonadabiatic transition, 94

non-Born-Oppenheimer theory, 153–155

Optical field Hamiltonian, electronic

nonadiabatic theory, intense laser

fied, 115

Orientation distribution, liquid bilayer

simulation, 204–210

Ornstein-Zernicke equation:

bulk liquid state, 33

density functional theory, correlation

functions, 12–14
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Orthonormal property, nonadiabatic transition,

nuclear wavepacket theory, 98

Pair-distribution function (PDF):

basic principles, 2

density functional theory, 6

correlation functions, 12–14

direct correlation function and, 13–14

liquid-state perturbation, 52–53

pair interaction potential, 50–51

Pair interaction potential, density functional

theory and, 50–51

Parameterized profiles, density functional

theory, 15–19

Partition function:

density functional theory, 7–8

liquid bilayer simulation, membrane

constraints, 190–197

Path branching, nonadiabatic transition,

99–100

classical mechanics force matrix, 101–108

coupling-free region, 106–107

eigenforces, 104–105

equations of motion, 101–103

phase-space averaging, non-Born-

Oppenheimer paths, 105–106

phase-space averaging and natural

branching, 107–108

semiclassical Ehrenfest theory reduction,

103–104

Percus-Yevick direct compressibility equation of

state:

density functional theory, 28–30

fundamental measure theory:

Tarazona and Rosenfeld functions, 44

white-bear functional, 45–46

mean-field theories, 56–61

Rosenfeld’s fundamental measure theory,

38–39

Perturbation theory:

density functional theory, uniform liquid state

models, 21–24

tail contribution, 51–52

‘‘Phantom solvent,’’ liquid bilayer simulation,

162–163

Phase-space averaging, path branching classical

mechanics, force matrix, non-Born-

Oppenheimer paths, 105–106

Phase-space averaging and natural branching

(PSANB):

electronic wavepacket/nuclear wavepacket

combination, 113–114

nuclear wavepackets, 108

Photodissociation, methyl alcohol, 143–144

Planar bilayers:

simulation techniques, 160–163

structural properties, 158

Planar collision, lithium hydroxide, 147–150

Planar liquid-vapor interface, liquid bilayer

simulation, structure factor,

175–183

Planck’s constant:

density functional theory, statistical

mechanics, 5–6

path branching, 100

Position-dependent reference density:

liquid state models, simple position-

dependent effective liquid,

24–26

tail contribution, 52

Predicted density distribution, Grand Canonical

Monte Carlo simulations, mean-

field theories, 58–61

Pressure gradient, dynamical density functional

theory, 68

Quadratures, density functional theory,

squared gradient model, 21

Quantum chemistry:

dynamical density functional theory,

76–78

non-Born-Oppenheimer theory, 108–113

nuclear wavepackets, nonclassical path,

108–113

equation of motion, 109, 113

Gaussian height exponential rescaling,

111

normalized variable Gaussians, 110–111

velocity gradient term, 110

WKB velocity-gradient term, 112–113

Quantum-classical representation, electronic

nonadiabatic theory, laser fields,

116

Quantum diffusion, nuclear wavepacket,

nonclassical path:

Feynmann kernel, 112–113

normalized variable Gaussians, 110–111

Quantum electronics, nonadabiatic transition, 94

Quantum entanglement, path branching,

nonadiabatic transition, 99–100
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Quantum smoothing, nuclear wavepacket,

nonclassical path, integrated

equations of motion, 113

Quasi-zero dimensional systems, fundamental

measure theory, 40–44

Radius of gyration, liquid bilayers:

simulation development, 160–163

surface properties, 210–211

Ramakrishnan-Youssouff/Haymet-Oxtoby

theory. See also Haymet-Oxtoby

parameterization

uniform liquid state models, 21–22

Random Phase Approximation, free energy

functional, 49

Reciprocal lattice vectors, density functional

theory, parameterized profiles and

gradient expansions, 16–19

Repulsive potentials, liquid bilayer simulation,

162–163

structure factor, 182–183

Reverse bilayers, liquid bilayer simulation, 163

Reverse micells, liquid bilayer simulation, 163

Rogers-Young theory:

bulk liquid state

hard-sphere freezing, 28–30

Rosenfeld’s fundamental measure theory:

hard sphere freezing, 35–39

mean-field theories, 56–61

Tarazona functional and, 40–44

RSLT theory:

hard sphere models, 40

multiple metastable solid states, 48

RSLT2 theory, hard sphere models, 40

Scaled Particle Theory (SPT), 3

fundamental measure theory, white-bear

functional, 45–46

hard sphere freezing, Rosenfeld’s fundmental

measure theory and, 35–39

Scaling techniques, liquid bilayer simulation,

structure factor, 183

Schr€odinger equation:

electronic nonadiabatic theory, laser fields,

115

electronic wavepackets, velocity distribution

and wavelength approximation,

124–127

electron wavepacket dynamics, 97

nonadiabatic transition:

nuclear wavepacket theory, 98

semiclassical Ehrenfest theory, 98–99

Second order perturbation, density functional

theory, parameterized profiles and

gradient expansions, 17–19

Self-consistent effective liquid theory:

hard-sphere freezing, 28–30

uniform liquid state models, 22

Semiclassical Ehrenfest theory (SET):

electron-nuclei coupled dynamics, 117–121

Lorentz-like force, nuclear dynamics, 122

electron wavepacket dynamics, 122

molecular system numerical analysis,

128–152

bond length and order, methane to laser

frequency, 131–133

computational techniques, 128–131

electronic state calculations, 130–131

field parameters and conversion table,

130

vector potential and field intensity,

128–129

laser field intensity:

diborane electron flux, 142–143

dissociation and collision in, 143–150

electron flux, 139–143

fixed nuclei approximation, 133–135

lithium hydroxide collinear colllision,

144–147

lithium hydroxide planar collisions,

147–150

methyl alcohol electron flux, 139–142

methyl alcohol photodissociation,

143–144

nonadiabatic interaction, 133

nonadiabatic coupling, geometrical change,

135–138

diborane, 137–138

methyl aocohol bond-distance, 137

sodium chloride nonadiabatic transition,

150–152

nonadiabatic transition:

electron wavepacket dynamics, 98–99

nuclear wavepacket theory, 97–98

path branching classical mechanics, 101–103

correction terms, 103–104

Simple cubic (SC) lattices, hard-sphere freezing

models, 28–30

Simple position-dependent effective liquid,

nonlocal liquid state models, 24–26
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Simulation techniques, liquid bilayers,

development of, 158–163

Size dependence, liquid bilayer simulation:

lateral tension, 167–171

small-gradient theory, 187–188

Slit pore models, mean-field theories, 61

Small cavity model, density functional theory,

10–11

Small-gradient theory, liquid bilayer simulation,

183–197

Sodium chloride, nonadiabatic transition in,

150–152

Solvent-free models, liquid bilayer simulation,

162–163

Spatial structures, lipid bilayers and vesciles,

158

Spinodal decomposition, dynamical density

functional theory, 72

Squared-gradient model, density functional

theory, 3, 19–21

Square-gradient approximation:

liquid bilayer models, surface normal

correlation, 199–204

liquid state models, 20–21

Statistical mechanics:

density functional theory, 4–6

dynamical density functional theory, 62–64

fundamental measure theory, 39–40

hard rods, density functional theory for, 79–83

physical quantities in, 2

Sticky hard spheres, density functional theory

for, 82–83

Stochastic equations, dynamical density

functional theory, Brownian

dynamics, 69–70

Strict equality, liquid bilayer simulation,

membrane constraints, 194–197

String method, dynamical density functional

theory, 78

Structural mapping, self-consistent effective

liquid theory, 22

Structure factor, liquid bilayer simulation, 161,

171–183

surface normal correlation, 202–204

Surface hopping model, path branching, 100

Surface normal correlation, liquid bilayer

simulation, 197–204

Surface tension models:

liquid bilayers, development of, 160–163

mean-field theories, 56–61

Tail contribution:

mean-field theories, 53–61

pair-distribution function, 52–53

perturbative theories, 51–52

Tail models:

lipid bilayer simulation, orientation

distribution, 204–210

liquid bilayers, simulation development,

160–163

Tarazona functional, fundamental measure

theory, 40–44

Tarazona’s weighted density theory, liquid state

models, 27

Taylor expansion, density functional theory:

free energy excess and, 13–14

parameterized profiles and gradient

expansions, 17–19

Temperature effects, liquid bilayer simulation,

lateral tension, 167–171

‘‘Tensionless state,’’ liquid bilayer simulation:

lateral tension, 165–171

structure factor, 181–183

Tensor density measure, fundamental measure

theory:

calculation, 46–47

Tarazona and Rosenfeld functions, 42–44

ten Wolde-Frenkel potential model, mean-field

theories, 55–61

Theoretician’s models, liquid bilayer simulation,

163

Thermodynamic mapping, self-consistent

effective liquid theory, 22

Thermodynamic perturbation theory:

pair distribution function, 53

pair interaction potential, 49–51

Thermodynamics, liquid bilayer simulation, 163

Time-dependent Ginzburg-Landau theory,

dynamical density functional theory

and, 62–64

Time-dependent N-body distribution, dynamical

density functional theory, 64–68

Time-dependent variational principle:

electron-nuclei coupled dynamics, 117–121

path branching classical mechanics, 101–103

Toy model:

dynamical density functional theory, 75–78

liquid bilayer simulation, membrane

constraints, 196–197

Transport law, dynamical density functional

theory, 63–64
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Trotter decomposition, nuclear wavepacket

equation of motion, 109

‘‘True’’ area:

lipid bilayer simulation:

methods, 211–212

small-gradient theory, 184–188

liquid bilayer simulation, 161

membrane constraints, 189–197

Tunnel-hole formation, liquid bilayer

simulation, lateral tension, 170–171

Two-body contributions, fundamental measure

theory, 83–85

Tarazona and Rosenfeld functions, 42–44

‘‘Two-tension’’ issue, liquid bilayer simulation:

membrane constraints, 189–197

structure factor, 181–183

Uniform liquid state:

density functional theory, perturbation theory

models, 21–24

mean-field theories, 56–61

tail contribution, perturbation theories, 51–52

Unitary transformation, electronic wavepackets,

velocity distribution and

wavelength approximation,

124–127

Unit vector, liquid bilayer simulation, surface

normal correlation, 197–204

van der Waals models, 49–50

density functional theory and, 2–4

mean-field theories, 55–61

Wall theorem, proof, 85–88

van Hove dynamic correlation function,

dynamical density functional

theory, 72

Vapor-fluid interface, mean-field theories, 58–61

Vector potential:

nonadiabatic transition:

electron-nuclei coupled dynamics, 117

Hellmann-Feynman approximation, 127

laser field and, 97

Lorentz force and, 123

optical field Hamiltonian, 115

velocity and length form, 124–125

semiclassical Ehrenfest theory, numerical

analysis of molecular systems,

128–129

Velocity distribution:

configurational avering, 2

nonadiabatic transition, 123–127

Velocity gradient, nuclear wavepacket,

nonclassical path, 110

WKB term, 112

Vesicles, lipids, 158

Wall Theorem:

fundamental measure theory, white-bear

functional, 45–46

proof, van der Waals models, 85–88

Wavelength approximation, nonadiabatic

transition, velocity distribution and,

123–127

Weeks-Chandler-Anderson (WCA) theory:

mean-field theories, 54–61

pair interaction potential, 50–51

Weighted density approximation (WDA).

See also Modified weighted density

approximation (MWDA)

hard-sphere freezing, 28–30

liquid state models, 26–27

bulk liquid state, 31–33

White-bear functional, fundamental measure

theory, 44–46

Wigner-Seitz cells, density functional theory,

parameterized profiles and gradient

expansions, 18–19

WKB velocity gradient, nuclear wavepacket,

nonclassical path, 112

Yvon-Born-Green hierarchy, dynamical density

functional theory, 65–68
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