
491

Index

a
ab initio molecular orbital 31
abrasive blasting, cleaning operations

405
additives 135
air and water stable ILs
copolymers 233
poly(aniline) 233
poly(3,4-ethylenedioxythiophene)

229
poly(p-phenylene) 232
poly(pyrrole) 221
poly(thiophene) 223

Al nanowire arrays 292
Al-Ce 164
Al-Cr-Ni 167
Al-Cu 176
Al-Fe 177
Al-Hf 165
Al-Hf alloys, galvanostatic deposition of

165
Al-Mg 164
Al-Mn 165
Al-Mo 161
Al-Mo-Mn 166
Al-Mo-Ti 166
Al-nanowire arrays 309
Al-Pt 163
Al-Ti 160
Al-W 165
Al-Zn 164
Al-Zr 162
AlCl4 melts, autosolvolysis of 22
aliphatic cations 11
alkali halides 219

alkali metal salts 72
alkoxyphenylphosphines 4
alkyl chain length, effect of 80
alkyl-pyridinium 95
alkylpyrolidinium chloride 44
aluminium chloride (AlCl3) 147
aluminium deposition, lower

temperature melt for 3
aluminium nano-rods 8
aluminium plating 133
aluminium-refractory metal alloys 114
aluminum 308
aluminum antimonide (AlSb) 200
aluminum-cerium (Al-Ce) coating 164
aluminum chloride (AlCl3)
Lewis acidity of 95
neutral acidic ionic liquid 96

aluminum electrodeposition 100
aluminum–manganese alloys 262
amplitude modulated (AM)–AFM 331
angle resolved XPS (ARXPS) 337
anion structure 70
anode material 10
anodic aluminum oxide (AAO) 290,

291, 294
anodic electrolytic etching 430
anomalous codeposition (ACD) 259
antimony electrodeposition 103
aqueous solutions, advantages of 2
asymmetric anions 59
atomic emission spectrometry (AES)

173
atomic force microscopy (AFM) 321,

374

Electrodeposition from Ionic Liquids, Second Edition.
Edited by Frank Endres, Andrew Abbott, and Douglas MacFarlane.
© 2017Wiley-VCH Verlag GmbH & Co. KGaA. Published 2017 byWiley-VCH Verlag GmbH & Co. KGaA.



492 Index

atomic layer deposition (ALD) 187
attenuated total reflection (ATR) 241
Au-Ag 176
Au(111) interfaces 322

b
basic and pitfalls
electrodes measurements 379
impedance analyzers, working

principals of 378
BASIL process 4
batteries, polymers for 487
benzoquinone/benzoquinone radical

anion couple (BQ/BQ) 418
benzyltrimethylammonium chloride

100, 163
binding energy 337
bistriflamide 30
“blocking” electrodes 79
boron doped diamond (BDD) 114
Bragg reflection 269
brighteners, aqueous electroplating

solutions 11
Brønsted acid 4, 5, 39, 80, 127, 459,

460, 483
Brug-formula 390
bulk electrolyte semicircle, see

pseudo-bulk semicircle 380
1-butyl-3-methylimidazolium

chloride/aluminum chloride
([BMIM]+Cl−/AlCl3) 161

1-butyl-3-methylimidazolium
tetrafluoroborate ([BMIM]+BF−4 )
176

N-butyl-N-methylpyrrodinium
dicyanamide (BMP-DCA) 173

N-butyl-N-methyl-pyrrolidinium
tris(pentafluoroethyl)
trifluorophosphate 388

butylpyridinium chloride 100
N-butylpyridinium tetrafluoroborate

29

c
cadmium selenide (CdSe) 197
cadmium sulfide (CdS) 198
calorimetry 40

carbon nanotubes (CNTs) 234
carbonate based ionic liquid synthesis

(CBILS) 35
cation alkyl chain length, influence of

324
CdTe film 197
characterization ILs
electrochemical 236
morphological 238
spectroscopic 241

chemical vapor deposition (CVD) 2,
187, 279

chloroaluminate ILs 115, 142, 147,
159, 162, 175

poly(fluorene) 221
poly(p-phenylene) 220
poly(pyrrole) 220
poly(thiophene) 221
polyaniline 221

chloroaluminate ionic liquids 460
chloroaluminate synthesis 21
chloroferrate 124
chlorometalate ILs, nanowires 296
chlorostannate 124
chlorozincate 159
chlorozincate liquids 124
chlorozincate–choline chloride 42
choline chloride 468, 480, 481
choline chloride eutectic 429
choline chloride-malonic acid

(ChCl-MA) 179
choline chloride/urea (ChCl/urea) 197
choline chloride–urea system 46
chromic acid recovery 441
chromium 404, 424
chromium electrodeposition 113
chromophores 447
chronoamperogram 179
chronoamperometry 102, 123
cluster-ion model 62
Cole–Cole equation 376, 389, 391
Co nanowire arrays 295, 300
cobalt electrodeposition 148
cohesive forces 324, 328
colloidal crystal templates (CCT)

279
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complex capacitance plane (CCP) 376,
389

complex impedance 374
concentration units 443
conducting polymers
chemical structure of 212
electrochemical cycling 212

conductivity 134
conductivity, ILs
breakdown 435
brighteners 433
chemical supply 435
counter electrode reactions 434
post-treatment protocols 434
recycling 435
waste treatment 434

constant potential electrolysis 168
controlled current techniques 166
copper rotating disk electrode (Cu-RDE)

160
CoPt 178
core-shell structures, electrochemical

synthesis 194
corrosion resistance 407
coulometry 21, 100
counter electrode (CE) 378
counter electrode reactions 401, 434,

485
crystallite-refining effect 260
Cu-Sn 174
CuxBXy 201–202
Cu-Zn 176
Cu-Zn nanowires arrays 294, 299
cyano, ILs 32
cyclic voltammetry (CV) 76, 143, 146,

165, 192, 195, 215, 236, 295, 315,
378, 380, 451

cyclic voltammogram 98, 109, 111,
145, 149, 160, 164, 167, 169, 216,
228, 263, 271, 285, 301, 451, 461

d
DC galvanostatic electrolysis 160
Debye Hückel limiting law 143
decomposition temperature (Td) 60
deep eutectic solvents (DES) 46, 140,

159, 273, 480

Co-Cr 182
CoPt 178
Cu-Ga 181
Co-Sm 182
Cu-In 181
Fe-Ga 181
Ni-Co 178
Ni-Cu 179
Ni-Zn 178
NiSn 179
Zn-Co 179
Zn-Sn 180
Zn-Ti 179

deep eutectic solvents, impurities
459

deionized water 472
density functional theory (DFT) 331
1,3-dialkyl-imidazolium 95
1,3-dialkylimidazolium

tetrachloroaluminates 22
diammonium-EDTA 257
dicyanamide (DCA) 218
dicyanamide (DCA−) 171
dicyanamide anion [DCA] 33
dielectric constant 67, 73
N,N-diethyl-4-nitroaniline 68
differential scanning calorimetry (DSC)

169
diffusion coefficient (D) 82
diffusion impedance 377
dihydric alcohols 123
Dimersol® process 4
1,2-dimethoxyethane (DME) 356
N ,N-dimethyl-N-(2-methoxyethyl)

ammonium bis(trifluoromethyl-
sulfonyl)imide ([DEME]+TFSI−)
176

dimethylthiophene (DMT) 234
dip coatings 431
dipolarity 66, 68
dipropyl sulfide (DPS) 129
direct band gap semiconductor 191,

201
direct current (DC) discharge reactors

350
direct-current (DC) electrolysis 182
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discrete anions structure, ILs 5
donor number (DN) 72
dopant anions 212
double layer capacitor 385
double layer effects 10
double layer models 387
drag-out 434
dye-sensitised solar cells 30

e
electrical double layer (EDL) 321
electroactive polymers 216
electrochemical atomic layer deposition

(E-ALD) 188
electrochemical atomic layer epitaxy

(E-ALE) 188
electrochemical cells, impedance of

381
electrochemical impedance

spectroscopy 182
electrochemical impedance

spectroscopy (EIS) 373
electrochemical polymerization

218
electrochemical quartz crystal

microbalance (EQCM) 109,
190, 236

electrochemical scanning tunneling
microscope (EC-SCM) 266

electrochemical scanning tunneling
microscopy (EC-STM) 161

electrochemical techniques 215
electrochemically, crystal structure of

198
electrochemical windows (EWs) 76,

107
electrocleaning techniques 405
electrode/electrolyte interface, ionic

liquids 490
electrodeposition 6
1-butyl-1-methylpyrrolidinium bis

(trifluoromethylsulfonyl)amide
479

1-butyl-3-methylimidazolium-
chloride–AlCl3–toluene 472

Cl/AlCl3 469
nickel coatings 481

NTf2/AlCl3 473
Py1,4NTf2/AlCl3 476
tantalum 479
zinc coatings 480

electrodeposition, ionic liquids 483
electrodeposition mechanism 332
electrodialysis 442
electroless nickel, immersion gold

(ENIG) 427
electrolytic breakdown 435
electromotive force (EMF) 346
electroplating 1
degree of greenness 439
regeneration, principles of 439
recovery, regeneration and reuse of
case study 448
concept 440
ILs, regeneration options for 444
water-based process liquors 441

electropolishing 427
electropolymerization
atmosphere and water content 217
electrochemical techniques 215
electrodes 216
electropolymerization potentials

216
ILs, choice of 217
temperature 215

EMIC molar ratio 164
emission intensity ratio 73
energy dispersive X-ray (EDX) 357,

362, 473
energy dispersive X-ray analysis (EDAX)

268
energy-dispersive X-ray spectroscopy

(EDS) 165
equimolar solution 195
equivalent circuit 376
ethaline 120, 145, 149, 402
ethylammonium nitrate 18
ethylene glycol 120, 123, 140, 406, 481
1-ethyl-3-methylimidazolium 124
1-ethyl-3-methylimidazolium chloride

98
1-ethyl-3-methylimidazolium

chloride/aluminum chloride
([EMIM]+Cl−/AlCl3) 160
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1-ethyl-3-methylimidazolium
ethylsulfate 35

1-ethyl-3-methylimidazolium
hexafluorosilicate 189

1-ethyl-3-methyl-imidazolium
tetrachloroaluminate 97

N-ethylpyridinium bromide (EtPyBr)
18

eutectic ionic liquids
electrodeposition 121

eutectic point 38
ex-situ oxidation 190

f
face-centered cubic (fcc) 161, 165, 279
Faraday constant 143
Faraday’s law 353
fast atom bombardment mass

spectrometry (FAB MS) 41
fast capacitive process, origin of the

392
Fast Fourier Transform (FFT) 282
ferrocene (Fc) 76
ferrocene/ferrocinium (Fc/Fc+) 461
ferrocenium(Fc+) 76
Fex Ni1−x alloys 258
fitting
data validity 384
fit quality 384
fitting algorithms 382
weighting 383

fitting algorithms 382
fixed anion structure, ILs 5
fluorine atom, electrophilicity of 71
fluorine-doped tin oxide (FTO) 196
fluorohydrogenete-type ILs 63
fluorous anions 401
Fourier analysis 379
Fray–Farthing–Chen (FFC) 106
freestanding nanowire arrays 317
freestanding polymer films 245
freezing point, depression of 40
frequency response analyzer (FRA)

378
frequency-dependent impedance 375
FTIR spectroscopy 241

full-width half-maximum (FWHM)
269

g
gallium antimonide (GaSb) 199–200
gallium arsenide (GaAs) 199
gallium electrodeposition 102
gallium nitride (GaN) 201
galvanic displacement reaction 199
galvano plating, see pulsed

electrodeposition (PED) 367
galvanostatic electrolysis 162, 300
galvanostatic mode 256
galvanostatic operation mode 378
galvanostatic techniques 215
gas chromatography and mass

spectroscopy (GC-MS) 357
generic prototype systems 9
germanium (Ge) 191–192, 271,

306–308
nanocrystals 306
nanotubes 307
VLS method 306

glass reactor 361, 363
glass transition temperature 60
glassy carbon (GC) 97, 123, 404,

465
glow discharge electrolysis 360
Gouy–Chapman model 387, 388
granular Al-Ti alloys 161
graphite anode 304
group IV semiconductors
germanium (Ge) 191–195
SixGe1−x and GexSn1−x 195–196
silicon (Si) 189–191

h
hafnium (Hf) 104
halide anions 61
halide impurities 484
haloalkanes 20
haloaluminate 18
haloaluminate systems 27
halometalate type, ILs 73
halometallate melts 140
Haven ratio 84
health and safety 8
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Helmholtz layer thickness 273
hetero-junction solar cells 198
heteronuclear Overhauser effect

spectroscopy (HOESY) 46
hetrocyclic polymers, polymerization

mechanism 214
hexaaquaaluminum trichloride 449
hexafluorophosphate 28, 446
hexagonal close-packed (hcp) 178
high performance liquid

chromatography (HPLC) 34
high resolution scanning electron

microscopy (HRSEM) 362
high resolution transmission electron

microscopy (HRTEM) 362
high temperature molten salts 138
high-performance optoelectronic

devices 196
highest occupied molecular orbital

(HOMO) 356
highly ordered pyrolytic graphite

(HOPG) interface 327
hole theory 48, 432
Hurley and Wier’s haloaluminate 27
hydrate salts 5
hydrogen bond acidity 70
hydrogen bond basicity 70
hydrogen bond donors (HBDs) 45,

126
hydrolysable metal salts 136
hydrophilicity, ILs 71

i
IL-electrode interface 339
imidazolium bistriflamide 141
imidazolium cations 27, 135
imidazolium cation structure 81
imidazolium ionic liquids 150
imidazolium ions 326
imidazolium salts 7
imidazolium salts, thermal stability of

61
imidazolium, ILs 39, 120, 140
immersion silver 426
impedance response
of electrical and electrochemical

elements 376

impedance spectroscopy (IS) 427
electrode potential 373
electrolytes 373
fundamental of 374
impedance response 375

impurities 134, 483
impurities, ILs
deep eutectic solvents 459
gaseous 459
impact of
anion/cation effects in 464
aqueous electrochemistry 462
cyclic voltammogram 461, 465
glassy carbon 465
ultrapurity 461

particulate 459
synthetic 457
water 458

indium electrodeposition 102
indium tin oxide (ITO) 172, 192, 216,

284
induced codeposition, alloy 164
inductively coupled plasma (ICP) 173
inductively/capacitively coupled radio

frequency (RF) discharge
reactors 350

inert gas condensation (IGC) 254
In situ I/U tunneling spectroscopy

191, 193
in situ scanning probe techniques 392
In-Sn 173
integrated circuits, development of

187
ion chromatography 21
ion conductive mechanisms, ILs 82
ion exchange mixed bed 443
ion structure 65
ionic conductivity (𝜎) 82
ionic liquids (ILs) 4
acetylacetonatotetramethylethyldiamine

copper (II) 72
acid (proton) impurities 458
adsorbed (Stern) layer 327
air-and moisture-stable 27
air-and water-stable 171, 266
anion species 58
Au(111) interfaces 322
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bistriflamide 30
cation-cation interactions 326
chloroaluminate 213
chlorometallate-based 261
component ions, diffusion coefficient

of 82
conductivity 432
containing specific ions 84
controlling speciation 140
coulombic density 143
cyano 32
DC discharge 350
density 64
diluents 10
discrete anions 460
EDL models 321
electrochemical aspects of 255
electrochemical window (EW) 76,

188, 401
electrowinning processes 459
FAP− anions 324
features of 259
glass transition temperature 60
group IV elements 188
herringbone reconstruction of,

Au(111) 324
hexafluorophosphate 28
HOPG 327
HOPG surface 331
interfacial nanostructure 323, 328
ionic conductivity (𝜎i) 78
ion radius, effect of 56
Kamlet-Taft parameters 68
Lewis acid chloroaluminate 199
liquid crystallinity 61
measuring redox potentials 142
mechanism of 339
melting point 18
metal alloys, electrodeposited 158
metal salts, solubility of 73
metals, dissolution of 402
molar conductivity and fluidity 6
molecular orientation 338
molecular structure 337
nano-composites 213
nickel deposition 7
Nile Red 73

non-chloroaluminate 27
OCP 325
onium cations 56
overpotentials and passivation effects

148
PEDOT films 242
periodic table 6
permeability of 279
physicochemical properties 30, 33,

35, 55, 84
plasma electrochemical reactions

345
plasma reactors 346
polarity 67
poly(pyrrole) 217
positive (anodic) polarization 348
potentially complex cations 4
preparation of 467
purity, levels of 35
pyrene 73
recycling of 436
refractive index 65
Reichardt’s betaine dye 67
selective ion conduction 85
side chain length, effect of 57
solid-solid transitions 61
solvatochromism 67
solvency properties of 459
solvophobic effect 329
speciation and redox behaviour

145
spectroscopic techniques 143
Stern layer structure 322
synthesis impurities process 457
tetrafluoroborate 28
thermal conductivity 61
thermal decomposition temperature

60
thermal properties 55
thin films of 335
third generation of 255
toxicological effects 35
transition zone 322
triflate 30
trifluoroacetate 30
trispentafluoroethyltrifluorophosphate

31
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ionic liquids (ILs) (contd.)
type 3, 401
vapor pressure 62
viscosity of 62, 459

ionization energy 144
IR spectroscopy 201

k
Kamlet-Taft parameters 68, 70
Karl–Fischer method 458, 461
Karl–Fischer titration 21, 34
Kelvin and Faraday constant 82
Kelvin equation 255
Kirchhoff’s laws 375, 380
Kramers–Kronig relations 386

l
laser diodes 196
Lewis acid 5, 39, 121, 140, 148, 160,

161, 163, 300, 459, 460
brighteners 129
deposit morphology, effect on 131
free chloride content 129

Lewis-acidic 261, 273
Lewis acidity 95
Lewis-basic melts 261
Lewis neutral 148, 151, 261
Li-ion batteries
energy density 304
graphite anode 311
nanowire films 306

life cycle analysis (LCA) 9
light-emitting diodes (LEDs) 196
linear sweep voltammetry (LSV) 76,

169, 402
linearity, impedance spectrum 385
liquid chromatography 21
liquid junction potentials (LJPs) 412
liquid metal salts 47
Lissajou plot 385, 386
lithium 311
lithium bis(trifluoromethylsulfonyl)

amide 30
lithium electrodeposition 96
lithium metal oxide cathode (LiMO2)

304
lithium salt 304

lithium salt structure 85
lithium-ion batteries 374

m
macroporous gallium 283
macroporous PEDOT film 286
macroporous silver films 284
macroporous structures 204
mass spectrometry (MS) 43, 139
mean-field lattice-gas model 387, 388,

391
melting point 265
melting point (Tm) 55
metal dissolution processes
counter electrode reactions 401
pre-treatment protocols 405

metal electrodes, interfaces ILs
experimental setup 390
measurement and data analysis 389
results 391

metal oxide coatings 434
metal oxides (ZnO) 197–198
metals, electrowinning of 3
metal sulfide semiconductors 198
metastable induced electron

spectroscopy (MIES) 337
N-methylpyrrolidine 461
methyltributylphosphonium tosylate

([P1,444]tos) 198
Mg-Li 176
microcrystalline aluminum 135
microcrystalline phase, silicon 189
Mn/Zn ratio 175
modified neglect of diatomic overlap

(MNDO) 18
molar conductivity (Λ) 78
molecular beam epitaxy (MBE) 187
molten salt process 488
molten salts 26
molybdenum (Mo) 104
molybdenum electrodeposition 114

n
Nafion separator 441
nano-architectures, deposition of 7
nanocrystalline aluminum 101
nanocrystalline germanium 191
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nanoeffects 254
nanofiltration 443, 448, 451
nano-gold 257
nanomaterials/nanoparticles 486
nanometers 188, 330, 465
nanoparticles, bulk nanomaterials 254
nano-particulate impurities 459
nanopores 191
nanorods 305
nanoscale 135, 367, 486
nanostructured polymers 233
nanostructures 187, 196
nanotube electrodes 307
nanowires 196, 486
electrocatalytic oxidation 299
electrodeposition of 289
electrodes 305
films, electrochemical synthesis of

305
template-assisted deposition 290
template-free electrodeposition 296,

314
XRD patterns 300

Nb-Sn 171
negative cathodic polarization 348
Nernst equation 143, 347, 409, 410
Nernst–Einstein equations 49, 82, 83
nickel alloys, electrodissolution

(electropolishing) of 403
nickel coatings 481
nickel electroless plating 441
Ni-Co 178
Nile red 73
niobium (Nb) 104
niobium-aluminum (Nb3Al) 110
niobium electrodeposition 110
4-nitroaniline 68
Ni-Zn 178
non-aqueous solutions 2
non-chlorometallate ILs 300
non-equilibrium state 345
non-polar organic solvents 3
nuclear magnetic resonance (NMR)

spectroscopy 21, 24, 46, 243,
357

nucleation, rate of 11
Nyquist plot 377, 380, 383, 385

o
octahedral hexanuclear Mo(II) cluster

161
octyl-phenyl-N,N-diisobutylcarbamoyl-

methylphosphine oxide 140
ohmic resistance 434
onium cations 82
open circuit potential (OCP) 190, 325
organic halide salt 27
Ostwald ripening 256, 263, 264, 270
oxalic acid (OA) 181

p
Pd-Au and Pd-Ag 172
Pd-Cu 172
Pd-In 172
Pd-Ni 173
Pd-Sn 173
Pd/Sn ratio 173
PEDOT nanowires 296
PED technique 255
phase angle 375
phenyl-chlorophosphines, reaction of

4
photoabsorber layers, solar cells 201
photodetectors 283
photoluminescence 188, 197
photonic band gap 191, 279
photonic crystals (PCs) 278
photovoltaic devices 189
physical vapor deposition (PVD) 187,

336
planer structure 65
plasma electrochemical metal

deposition
of copper metal 364
of palladium metal 365
of platinum metal 365
of silver metal 360

plasma electrochemical reactions 345
plasma electrochemistry 346
electrode-free discharge 351
low-temperature plasmas 347
plasma–electrolyte interface 348
plasmas and reactors, types of 350

plasma reactors 346, 364
plasma vapor deposition (PVD) 2
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plasma–wall interface 348
plating wastewater 443
platinum electrodes 123
platinum nanoparticles 365
polarity, ILs 67
polarizability 68
poly(3,4-ethylenedioxythiophene)(PEDOT)

215, 216, 229, 286, 296
poly(p-phenylene)
air and water stable ILs 232
chloroaluminate ILs 220
films 221

poly(para-phenylene) (PPP) 286
poly(pyrrole)
air and water stable ILs 221
chloroaluminate ILs 220
films 217, 220
glassy carbon 216
mechanism for 214
redox cycling 212

poly(thiophene)
air and water stable ILs 223
chloroaluminate ILs 221

poly(aniline), air and water stable ILs
233

polyaniline, chloroaluminate ILs 221
polycarbonate (PC) membranes 191,

290
poly(fluorene) 221
polymer nanowires 296
polymers
molecular solvent systems 215
overoxidation of 215
post-polymerization 226

polymethylmethacrylate (PMMA) 278
polystyrene (PS) 278, 285
polystyrene (PS) colloidal crystal 191,

279, 280
polythiophene
films 238
packed grain structure 238

potentiodynamic polarization 161, 182
potentiometry 41
potentiostatic method 171, 179
potentiostatic mode 256, 378
potentiostatic polarization 281
PPP nanowires 296

process scale up
chromium 424
electropolishing 427
general issues 430
materials compatibility 430
pre-treatment protocol 431
PVD and CVD techniques 425
zinc alloys 424

propylene carbonate (PC) 356
protic ionic liquids (PILs) 218
pseudo-bulk semicircle 380, 381
pseudo-reference electrode 411
voltammetry 417

Pt-Zn 169
pulse-field-gradient NMR (pfg-NMR)

82
pulsed electrodeposition (PED) 254,

367
pyridinium 27
pyridinium and imidazolium salts 3
pyrrole polymerization 215
pyrrolidinium cation 282, 486
pyrrolidinium ion interferes 135
pyrrolidinium ions 462
pyrrolidinium salts 7, 133

q
quantitative voltammetry 420
quantum confinement effect 195
quantum size effects 253
quasi-crystallization 331
quasi-passivation process 402
quasi-reference electrode 411
quaternary ammonium halide salt 39,

42
quaternary ammonium salts 401, 404
quaternization reaction 19

r
radio frequency/microwave plasmas

345
Raman spectroscopy 196, 201, 234,

241
Randles circuit 376, 377, 382
REACH 424
reactive (nano-)materials 486
rechargeable lithium batteries 306, 311
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recycling, ILs 489
redox behaviour, ILs 138
redox couples 142–145, 150
redox electrodes 410
reference electrode (RE) 76, 378
cationic electrodes 410
characteristics of 410
defined 408
electrochemicalequilibrium 409
internal redox reference couples 411
liquid junction potentials 412
potential control 420
quantitative voltammetry 420
RTILs 408, 412
voltammetry 417

refractory metals 104, 115, 425
regeneration options, ILs
adsorption processes 447
extraction processes 446
mechanical processes 448
other fields of application 445
redox processes 447
thermal unit operations 445

Registration, Evaluation, Authorisation
and Restriction of Chemical
substances (REACH) 9

Reichardt’s dye 67, 70
results, metal electrodes interfaces
[EMIm]FAP 392
[Pyrr1,4]FAP 391
fast capacitive process, origin of the

392
slow capacitive process, origin of the

393
rhenium (Re) 104
rinsing solutions, purification units for

442
room temperature
tantalum 110
titanium 107

room-temperature ionic liquids (RTILs)
27, 105, 408, 448

room-temperature, synthesis of
chloroaluminate synthesis 21
quaternization reaction 19

rotating platinum disk electrode 451

s
Stern model 387
Sauerbrey equation. 237
scanning (I/U) tunneling spectroscopy

189
scanning electron microscopy (SEM)

165, 238, 268, 473
scanning tunneling microscopy (STM)

109, 189, 321, 374, 393, 460, 483
Scherrer’s equation 269, 477
Schlenk techniques 22, 24
Schlenk-line airless techniques 26
selected area electron diffraction

(SAED) 300, 302, 363
self-assembled nanostructures 321
semi-production plant scale 6
semiconductor electrodeposition 7,

188
semiconductor thin films 187
sensing electrode (SE) 378
short-circuiting electrodes 378
SIGAL process 3
silicon (Si) 189–191
single-metal electrodeposits 157
single-solvent recrystallization 446
slow capacitive process, origin of the

393
Sn, anodic stripping of 171
Sn nanowires 316
Sn nanowires arrays 294
sodium electrodeposition 98
sodium/iron(II) chloride battery 98
solar cells 487
solderability 426
solid electrolyte interfaces(SEI) 374
solid interfaces, IL ions 321
solution-surface electropolymerization

223
solvatochromism 67, 73
solvent dielectric constant 198
solvent polarity 73
solvophobic effects 328
solvophobic force 324
spectroelectrochemistry 190
spectroscopic methods 139
spent process liquors, regenerators for

441
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square-wave voltammetry 109
stability, impedance spectrum 385
Stern layer structure 322, 327, 331
stoichiometric alloys 181
Stokes–Einstein equation 49
Stokesian model 50
Stranski–Krastanov mode 266
submicron particles 253
sum of squared residuals (ESS) 382
superlattice semiconductor materials

200
surface force apparatus (SFA) 321
synthetic methods, ILs 136

t
tantalum (Ta) 104, 479
tantalum electrodeposition 108
tantalum, corrosion resistant coatings of

432
task-specific ILs (TSIL) 74
tellurium electrodeposition 103
TEM 101
temperature 10
template-assisted electrodeposition
aluminum 308
aluminum nanowires 291
cobalt nanowires 294
conducting polymer 295
germanium and silicon

semiconductors 295
germanium(Ge) 306
lithium 311
silicon (Si) 305
silver nanowires 290
technique 309
tin 294
tin and zinc 312
zinc nanowires 292
zinc-copper and zinc-tin 294

template-assisted techniques 193
template free electrodeposition
freestanding nanowires 315
Lewis acidic metal chloride 314
potentiostatic deposition 315

terthiophene 227
tetraaminoplatinum(II) 163
tetrachloroaluminate 95

tetraethylammonium cation 56
tetrafluoroborate 28
tetrahydrofuran (THF) 284
tetramethylsilane (TMS) 68
Therminol®VP-1 62
thermogravimetric measurements 60
thermogravimetry 45
thiocyanate, ILs 32
three-dimensionally ordered

macroporous (3DOM) 8, 191,
278

aluminum (Al) 284
bilayer films 286
conducting polymers 286
copper (Cu) 285
films 280
gallium (Ga) 283
germanium (Ge) 280
high-resolution SEM images 280
lithium (Li) 285
silicon (Si) 280
silver (Ag) 284
zinc oxide (ZnO) 285

III-V compound semiconductors
aluminum antimonide (AlSb) 200
gallium antimonide (GaSb) 199–200
gallium arsenide (GaAs) 199
gallium nitride (GaN) 201
indium antimonide (InSb) 199

tin 312
tin electrodeposition 102
tin sulfide (SnS) 198
tin-silicon 300
titanium 133
titanium electrodeposition 106
titanium electrodes 257
TMPD+/TMPD 419
toxic reagents, removal of 6
transmission electron microscopy

(TEM) 165, 290
tri-1-butylammonium

bis[(trifluoromethyl)sulfonyl]
amide ([TBMA]Tf2N) 174

triallylsulfoniumcations 416
tricyanomethide anion [TCM]− 33
triethyl aluminum 3
triflate 30
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trifluoroacetate 30
trifluoromethylsulfonate (TfO) 177
trimethyl-n-hexylammonium

[bis(trifluoromethyl)sulfonyl]
amide ([TMHA]Tf2N) 174

tris-pentafluoroethyl trifluorophosphate
31

tungsten (W) 104
tungsten electrode 100, 102
tunneling current flows 322
II-V compound semiconductors
CuxBXy 201–202
zinc antimonide (ZnSb) 201

II-VI compound semiconductors
cadmium selenide (CdSe) 197
cadmium telluride (CdTe) 196–197
metal oxides (ZnO) 197–198
metal sulfide semiconductors 198
zinc telluride (ZnTe) 197

type 1 eutectics
aqueous reduction potentials 124
choronoamperometric current-time

transients 123
electrochemical reduction 44
electrochemical windows 124
electrospray ionization 41
FAB MS 122
freezing point 41
freezing temperature data 41
haloaluminates 122
imidazolium chloride 43
Lewis acidity 122
mass spectrometry 43
monometallate anions 40
NMR 43
quaternary ammonium salts 40
UPD 122, 124
vacuum permittivity 42

type 2 eutectics
anhydrous salt mixtures 45
electrospray MS 45
quaternary ammonium salt 125
REACH 126

type 3 eutectics
chlorozincate melt 126
choline chloride–urea system 46
constant voltage 128

diluent 126
EDTA 127
electrowinning 127
HBD 126
HBD–salt mixtures 46
quaternary ammonium salts 45

type 4 eutectics
aluminium deposition 128
chromium 47
CrCl3.6H2O 129
quaternary ammonium/phosphonium

cations 47

u
ultrahigh vacuum (UHV) 187, 322
underpotential deposition (UPD) 122,

161, 192, 197, 255
uranium 44
UV irradiation 192
UV-nanoimprint lithography (UV-NIL)

191
UV-vis spectroscopy 140, 146, 195,

241

v
van der Waals 327
van der Waals forces 138, 321, 329
van der Waals interaction 56, 58
vanadium 133
vapor-liquid-solid (VLS) 305
variable temperature 488
vibrational spectroscopy 139, 140
vinylene carbonate (VC) 356
viscosity 134
Vogel-Fulcher-Tamman (VFT) 48,

78
voltammetry 127

w
Walden’s rule 49, 78
Warburg impedance 377
Warren–Averbach technique 257
waste pickling liquors 442
wastewaters, ILs 448
water/air stable ionic liquids 159
water-based process liquors
concentration units 443



504 Index

water-based process liquors (contd.)
minor compounds, recovery of 443
rinsing solutions, purification units

for 442
spent process liquors, regenerators

for 441
water-based to ionic liquid based

liquors, transfer from 444
water electrodeposition 138
water-rich systems 151
water sensitive metals 7
water sensitive substrates, deposition on

7
working electrode (WE) 378
wurtzite structure 197, 201

x
x-ray absorption 120
x-ray photoelectron spectroscopy (XPS)

161, 189
x-ray powder diffraction (XRD) 161
x-ray reflectivity measurements 322
XRD patterns 101, 103, 269

z
zinc 312
zinc alloys 424
zinc antimonide (ZnSb) 201
zinc chloride (ZnCl2) 468
zinc chloride-N-butylpyridinium

chloride 168
zinc coatings 480
zinc electrodeposition 140
zinc halides 39
zinc oxide (ZnO) 197
zinc sulfide (ZnS) 198
zinc telluride (ZnTe) 197
zirconium electrodeposition 114
zirconium tetrafluoride 114
Zn-Co 168
Zn-Fe 168
Zn-Mg 169
Zn-Mn 174
zn nanowires 316
Zn-Ni 169
Zn-Sn 424
Zn-Sn nanowire arrays 294
Zwitterionic salts 85


