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structure and morphology of, 90–97
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“refined” force fields for imidazolium-
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152, 154, 159–161, 161–162, 170
separation processes using, 6–12
solubility in, 171–173
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with specific functionalities, 118
starch and, 27–28
static dielectric constant of, 248–253
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supercritical fluids in, 39–57
task-specific, 92–93, 94
terahertz spectra of, 243
thermal analyses of, 60
thermal measurements of, 66
thermodynamic models for, 122–133
thermodynamic properties of, 134
unique properties of, 59–60
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water-immiscible, 197, 198
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phase behaviour of, 40–48
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systems, 106–107
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Ionic liquid systems
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stimuli-responsive, 110–111
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Ionic liquid–vacuum interface, 165
“Ionic” processes, 236

affecting dielectric response, 246–247
Ionic structures, ionicity correlation with, 

229–232
Ionising radiation, 259, 262
Ion pairing, 246
Ion-pair modes, 246
Ion-phobic alkyl chains, 102
Irradiation, microwave, 24, 28. See also 

Radiation entries
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Isomerisation, 18
Isomers, rotational, 60–61, 62
Isopropyl groups, melting points and, 

281–282
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structure of, 277
Isothermic–isobaric Gibbs ensemble MC 
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Monte Carlo (MC) simulations
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function, 242
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Lactams, 11–12
Lactobacillus species, 204, 207
Lattice-fluid (LF-EoS) model, 131. See 

also Equations of state (EoS)
Lennard–Jones fluids, 166
Lewis acidic ionic liquids, 15
Lewis acids, 14
Lewis bases, 20–21
Lewis basicity, 217, 218–219, 222, 230
Librational processes, 244
Life cycle analysis, 208
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chemical production from, 29

Lipases, 194–195
Liquid clathrates, 14
Liquid crystalline solutions, 26
Liquid–gas interfaces, 164–169

ionic, 165–166
Liquid–liquid equilibrium (LLE) 

systems, 123, 124, 125, 127, 131, 132, 
149, 175–176

Liquid–liquid interfaces, 164–169
Liquid–liquid phase separation, 8
Liquid membranes, supported, 103–104
Liquid phase fluorination catalysis, 18
Liquid phase separations, 105–108
Liquid–polymer structures, composite, 

95–97
Liquids, supercooled, 79, 279. See also 

Ionic liquid entries
Liquid–solid interfaces, 164–169
Liquid structure, 155
Liquid–vapour phase behaviour, of 

binary systems, 43–44
LLE calculations, 176. See also Liquid–

liquid equilibrium (LLE) systems
LLE prediction, 133
Local composition models, 88
Local melting domains, 78
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2–3
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Low-temperature ionic liquids, 15
Low-viscosity ionic liquids, 240, 253
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Volatile organic compounds (VOCs)
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Macroscopic viscosity, 225
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110–111

Market needs, matching, 119
Mass transfer limitations, 50, 197–198
Mass transfer processes, equipment for, 

91
Materials behaviour, process design and, 

119
Mathias–Klotz–Prausnitz (MKP) mixing 

rule, 128
Matrix acidising technique, 13
Matter, behaviour of, 150
Maxwell equation predictions, 103
Maxwell’s equations, 237–238
MC codes, in molecular simulations, 153. 

See also Monte Carlo (MC) 
simulations

MD codes, in molecular simulations, 151. 
See also Molecular dynamics (MD) 
simulations

Mean square displacement (MSD), 160, 
169

in molecular simulations, 152
Melting

model for, 73–74
rhythmic, 74–77, 80, 81

Melting/crystallisation, timescale of, 76
Melting domains, local, 78
Melting points, 279–283

computing with MD simulations, 
176–177

predicting, 176
thermodynamic, 176–177

Melting process, 63–65
Melting trace, 74
Membrane contactors, 90–93

major drawback of, 92
Membrane disruption, 208
Membrane–ionic liquid systems, 90
Membrane performance, 100
Membrane reactors, enzymatic, 109
Membranes. See also Ionic liquid 

membranes; Polymer–electrolyte 
membrane (PEM); Polymer 
membranes; Three-component 
composite membranes (MMMs)

chiral ionic liquids with, 110
gelled, 103–104
ionic liquids as, 87
Nafion®, 108
proton exchange, 108
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two-component, 102

Membrane systems, 90
Membrane technology, related to ionic 

liquids, 87–116
Metal halides, 14
Metal nanoparticle synthesis, radiation 

chemistry in, 269
Metal salts, 7, 8
Metathesis, 22
Methane-to-methanol conversion, 24
Methanol, methane conversion to, 24
Methyl groups, melting points and,  

281
Microwave-assisted chemical 
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Microwave experiments, 242
Microwave irradiation, 24, 28
Microwave regime, 240, 247, 250, 253
Microwave spectra, of ionic liquids, 

240–243
Miscibility switch phenomenon, 

continuous processes with, 50–51
Mixture properties, 179
Mixtures

of ionic liquids, 170
molecular dynamics simulation studies 

of CO2, 170–171
ternary, 198

Mixture thermodynamic properties, 
predicting, 154
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model; Cole–Davidson (CD) model; 
Computer-aided design modelling 
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(e-NRTL) model; EoS methods/
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Modelling groups, 181
Modified dense membranes, 97
Modified UNIFAC (Do) model, 127
Molar conductivity, 225, 226

electrochemical, 227–228
Molar conductivity ratios, 217, 219
Molar crystallisation enthalpy, 78
Molecular dipole moments, 252, 253
Molecular dynamics (MD) simulations, 

150–153, 165
of aqueous solutions, 170
to compute melting points, 176–177
drawbacks of, 151–152
of ionic liquids, 167
standard liquid, 180–181
“statistical” properties and, 152

Molecular dynamics (MD) simulation 
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of CO2 mixtures, 170–171
of equimolar mixtures, 177–178

Molecular mechanics (MM) simulations, 
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Molecular processes, affecting dielectric 
response, 243–248

Molecular simulations
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future perspectives on, 173–181
goals of, 153–156
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of pure ionic liquids, 170

Molecular volumes, 287, 294
Molecule configurations, in molecular 

simulations, 151
Monte Carlo (MC) simulations, 150–153, 

172–173, 175, 176
advantages of, 152–153
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structure of, 277

Morphologies of ionic liquids as 
membranes, 87

Motion equations, in molecular 
simulations, 151
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Multi-scale simulations, 117
Multistage free energy methods, 172
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Nanofiltration technology, 107
Nanomaterials, 29
Nanoparticles, 269
Nanoparticle synthesis
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radiation chemistry in, 269
radiolytic, 269, 270

Nanotubes (NTs), 168, 169
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66. See also Differential scanning 
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“Neoteric” media, 260–261
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Non-equilibrium MD (NEMD) 

simulation, 162
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Non-random two-liquid (NRTL) activity 

coefficient model, 123–128, 134
UNIQUAC method vs., 126
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Non-random two-liquid (NRTL) 
activity coefficient model
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Nuclear magnetic resonance (NMR) 
measurements, 228. See also 
Pulsed-gradient spin-echo (PGSE)–
nuclear magnetic resonance (NMR) 
measurements

Nuclear magnetic resonance (NMR) 
spectroscopy, 160, 264, 265

Ohmic loss, 239
Oil desulfurisation, 29
Oil drilling/oil wells, ionic liquid 
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OKE spectra, 244. See also Optical Kerr 

effect (OKE)
Olefinic compounds, hydroformylation 

reaction of, 20–21
Olefinic oligomers, 17
Olefin oligomerisation, 15–16

transition-metal catalysed, 20
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of olefins, 15–16, 17
transition-metal catalysed olefin, 20

Oligomers, olefinic, 17
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Onium alkyl sulfates, 3–4
Onium ionic liquids, 24
Onium salts, 6
Operation models, 122
Optical Kerr effect (OKE), 242. See also 

OKE spectra
Optimization techniques, 122
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8–9
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liquid + supercritical CO2 systems, 
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technology, 107
Organic solvents, 195

advantages of, 193, 194
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structure of, 277
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separation, 11
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Paraffins carbonylation of, 17–18
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Patent applications, 28–29
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granted, 28
Peak-top temperature, 78, 79
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static, 249
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modelling, 88
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fluid) systems, 46–48
Phase behaviour data, 52
Phase behaviour predictions, for binary 
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Phase change properties, 179
Phase toxicity, 207
Phase transition behaviours, novel, 73–80
Phase transition peaks, 68
Phase transitions, 67–69
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changes, 59–65

slow, 81
Phosphonium alkyl sulfates, 4
Phosphonium cation, molecular structure 

of, 277
Phosphorus-containing anions, ionic 

liquids with, 4
Photolysis, 25
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15–164
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of ionic liquids, 217, 219, 275–307
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125
Polarisable force fields, 157, 161, 166
Polarisation

electrode, 249–250
space charge, 247

Polarity parameters, 252
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Polar substances, 194
Polar VOCs, 252. See also Volatile 

organic compounds (VOCs)
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Poly(diol-RTIL)s, 104–105. See also 

Room temperature ionic liquids 
(RTILs)

Polymer–electrolyte membrane (PEM), 
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Polymer gas separation membrane 
performance, 100
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Polymer ionic liquid membranes, 93–95
Polymerisation inhibitors, 25–26
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constituents of, 94
Polymerised membrane gemini RTILs 

(poly[GRTILs]), 94. See also Room 
temperature ionic liquids (RTILs)

Polymerised membrane RTILs 
(poly[RTILs]), 93–94, 95, 96, 97, 99. 
See also Poly(RTIL) composite 
membrane materials

in CO2 separation, 101–102
Polymer membranes

ionic liquid-based, 108
ionic liquids and, 93
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Porous membrane contactors, 90–93
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Power plants, CO2 capture in fossil fuel 

burning, 101
Predicted solubility, 132
Predicting cell toxicity, 207–208
Predicting crystal structures, 178
Predicting melting points, 176
Predicting physical properties, 119, 

153–164
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Predictive models, 88
Premelting behaviour, 64–65
Premelting domains, 73–74
Presolvated electron reactivity, 263
Pressure differences, in gas–vapour 

permeation applications, 97
Pressure sensitive compositions, 14
Pressure tensor, 161
Primary ionic liquid radiolysis products, 

261–262
Process design

engineering computations for, 
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materials behaviour and, 119
Process simulation tools, 117
Process simulators, 134
Process streams, CO2 removal from, 48
“Process synthesis” tools, 118
Process systems engineering (PSE), 120
Process toxicity, 208
Product design, 119. See also Process 

design
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153–155
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origin of ionic liquid, 217–234
of room temperature ionic liquids, 59
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Property predictions, 119, 153–164
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Pyridinium cation, molecular structure 

of, 278
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of, 278
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Radial distribution function analysis, 168
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materials, 261
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Raman active bands, 70
Raman bands, 69
Raman scattering intensities, 69
Raman spectra, 71–72
Raman spectroscopic studies, 60
Raman spectroscopy, 98
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Reaction media, ionic liquids as, 50
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Returning temperature, 77
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Self-diffusion coefficients, 220, 224, 225, 
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Self-diffusiveness/self-diffusivities

in calculating viscosity, 161–162
of ionic liquids, 152, 154, 159–161, 170

Self-dissociativity, 218
Separation media, 52
Separation membrane performance, 100
Separation processes, using ionic liquids, 

6–12
Separations

CO2/N2, 102
in ionic liquid + supercritical fluid 

systems, 48–49
in the liquid phase, 105–108
of nitrogen-containing polar 

compounds, 11
of olefins, 7–8
of oxygen-containing polar 

compounds, 11
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+ supercritical fluid systems, 49–51

Separation selectivity, of membranes, 99
Shah, Jindal K., xiv, 149
Shear rates, 162
Simulations

of crystals, 178–179
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experimental data vs., 154–155
interfacial, 165–166
multi-scale, 117
post-predictive, 154

Single particle time correlation functions, 
in molecular simulations, 152

Single-phase systems, for biocatalysis, 
197–198, 203
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SLMs containing ionic liquids (SILMs), 
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liquid membranes (SLMs)

in CO2 separation, 100–101
Slow phase transitions, 81
Smooth crystallisation, 78
“Snap together” chemistry, 94
Sodium cation, molecular structure of, 
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Soft SAFT (statistical associating fluid 

theory) EoS model, 130. See also 
Equations of state (EoS); Truncated 
perturbed chain polar statistical 
associating fluid theory (tPC-
PSAFT) EoS model

Software packages flowsheeting, 122
“Software” tools, 120
Solid–liquid equilibrium (SLE) systems, 

123, 149, 176–178
Solid–liquid interfaces, 164–169
Solubilisable enzymes, 109
Solubility

binary gas, 173
of CO2, 41–42, 46, 130
enzyme, 198
of gases, 129–130, 131
“infinite-dilution,” 172
in ionic liquids, 171–173
measurement of, 99
of organic substrates, 197
predicted, 132
substrate, 194, 198
surfactant, 198

Solubility parameters, 88–89
Solute–ionic liquid systems, non-polar, 

127
Solutes, target, 98, 105, 106
Solute transport, 93
Solvated electrons, 267, 269
Solvation dynamics, related to dielectric 

response, 248
Solvation process, 263
Solvent conformations, 132
Solvent polarity parameter, 221
Solvent properties, optimising, 235
Solvent reuse, 107–108
Solvents, 91–92

advantages of organic, 193, 194
for cellulose, 26–27
environmentally benign, 39

“green,” 40, 90
organic, 195
tailored, 88

Solvents for catalytic systems, ionic 
liquids as, 19–26

Space charge polarisation, 247
Spectral parameterisation, 242–243
Spinodal demixing, 51
Square-well chain-fluid EoS (SWCF-

EoS) model, 130–131. See also 
Equations of state (EoS)

Stability, of calorimetry trace, 67
Stacking formations, double-layer, 168
Standard liquid MD simulations, 

180–181
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depolymerisation of, 28
ionic liquids and, 27–28

Static conditions, 249
Static dielectric constants, 235, 236, 237, 

238, 240, 241, 250–251, 252, 253
of ionic liquids, 248–253

Static permittivities, 249
Statistical association fluid theory 

models, 45–46
Statistical-mechanics-based equations of 

state, 45
“Statistical” properties, molecular 

dynamics simulations and, 152
Stein, Florian, xiv, 193
Stejskal–Tanner equation, 220
Stimuli-responsive ionic liquid systems, 

110–111
Stokes–Einstein–Debye (SED) equation, 

245
Stokes–Einstein relationship, 162
Structural integrity, of membranes, 103
Sub-picosecond dynamics, 243
Substrate accumulation, 203
Substrates

influence of ionic liquids on, 198–200
organic, 197

Substrate solubility, 194, 198
Sulfate ionic liquids, 2
Sulfation/sulfonation, of cellulose, 27
Sulfonium cation, molecular structure of, 

278
Sulfur compound removal, from 

hydrocarbon streams, 9–10
Sulfuric acid recovery, 9
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Supercritical CO2, 39

continuous biphasic processes with 
ionic liquids and, 49–50

continuous processes with, 50–51
organic compound recovery from ionic 

liquids with, 48–49
properties of, 40

Supercritical fluid + ionic liquid systems, 
phase behaviour of, 41–46, 46–48

Supercritical fluids
commonly used, 40
in ionic liquids, 39–57

Supercritical fluid systems, phase 
behaviour of, 40–48

Supercritical solvents, 260–261
Superheating, 178
Supported ionic liquid-phase (SILP) 

technology, 21, 29
Supported liquid membranes (SLMs), 

90–93, 103–104. See also SLMs 
containing ionic liquids (SILMs)

development of, 110
major drawback of, 92

Supported RTIL membranes, 104.  
See also Room temperature ionic 
liquids (RTILs)

Surface charge densities, 168
Surface diffusion coefficients, 167
Surface negative charge, 168
Surface tension, 165, 294–296
Surfactants, anionic, 13–14
Surfactant solubility, 198
Suzuki reactions, 107–108
Sweetening, of natural gas, 101
Swelling behaviour, of membranes, 

98–99
Sym (symmetric form) conformers, 61, 

64, 78, 80
Syntheses. See also “Process synthesis” 

tools
aspartame, 194
of ionic liquids, 2, 219
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selective improvement of, 209

Tailored solvents, 88
Tait equation, 288
Target solutes, 98, 105, 106

Task-specific ionic liquids, 92–93, 94
Techniques, abbreviations for, xviii–xx
Temperature dependencies, of ionic 

liquid properties, 222–224, 225
Temperatures. See also Heat entries; 

Therm- entries
density at different, 288
glass transition, 279
viscosity and, 289

Terahertz regime, 246
Terahertz spectra, 253

of ionic liquids, 243
Ternary fluid multiphase systems, 43–44
Ternary (ionic liquid + CO2 + water) 

systems, 47–48
Ternary (ionic liquid + CO2 + organics) 

systems, 46–47, 52
Ternary ionic liquid + supercritical CO2 

systems, 46–48
Ternary (ionic liquid + supercritical 

fluid) systems, phase behaviour of, 
46–48

Ternary LLE systems, 127. See also 
Liquid–liquid equilibrium (LLE) 
systems

Ternary mixtures, 198
Ternary systems, 123–124

phase behaviour of, 40
Tetraalkylimidazolium cation, molecular 

structure of, 277
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