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acetylacetonatotetramethylethyldiaminecopper
(I 62

additive 118

— organic 216ff.

adsorbent 323

adsorption process 327

1-alkyl-3-methylimidazolium
tetrafluoroborate 50

1-alkylimidazole 17f.

alloy

— deposition 7

electrochemical alloying 137

— electrodeposition  125ff.

— nanocrystalline 8, 222

— nanostructured 213ff.

aluminium

— alloy 88, 128ff., 222, 316

— anode 357

— antimonide 150

- 1-butyl-3-methylimidazolium chloride
356

— 1-butyl-3-methylpyrrolidinium
bis(trifluoromethylsulfonyl)amide 360

— chromium 132

— electrodeposition  88ff., 128, 245ff., 329,
353ft.

— 1-ethyl-3-methylimidazolium
bis(trifluoromethylsulfonyl)amide  358f.

— 1-ethyl-3-methylimidazolium chloride
127f., 353f.

- film 229

— halide 16

- Hall-Héroult process 289

— magnesium 131

— manganese 131, 222

— microcrystalline 118

— molybdenum 128ff.

— nanocrystalline 372

— nanostructured 222f.

— nickel 132

— titanium 127

— zirconium 129

aluminium chloride 337
aluminium chloride based ionic liquid
— electrodeposition 84

amine 71

ammonium cation

— quaternary 42,110

ammonium halide

— quaternary 33

anion

— cation effect 119, 373

anode material 11

anodic dissolution 91

anomalous codeposition (ACD) 219
antimony

— electrodeposition  91ff.
attenuated total reflection (ATR) 198
autosolvolysis 20

b

BASIL process 4

battery 373

[BBIM]* 22

benzoic acid  223f.

benzyltrimethyl ammonium [BTMA]*
chloride 130

1-benzyl-3-methylimidazolium [BZMIM]*™
60

betaine dye 59
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1-butyl-2,3-dimethylimidazolium
[BMMIM] ™, [b-dimIM]* 564F.

— chloride 36

1-butyl-3-methylimidazolium [BMIM] T,
[Csmim]*  20fF, SOfF., 181fF.

— bis(trifluoromethylsulfonyl)amide 102,
189

— chloride 150, 222, 356

— chloride/aluminium chloride 356

— decomposition pathway 272f.

— hexafluorophosphate 96, 151f,, 181,
1944f.

— tetrafluoroborate 96, 200, 273

— trifluoromethylsulfonate 96

1-butyl-1-methylpyrrolidinium [BMP]*,
[Campyr]", [Py14]t 98ff, 114, 155, 229,
241, 252

— bis(trifluoromethylsulfonyl)amide [Tf, N]~

94£t., 114, 155ft., 200, 227, 241, 252, 271,
329, 339, 360f.
— decomposition pathway 271f.
— trifluoromethylsulfonate [TFO]~ 99
butylpyridinium [BP]*, [bpyr]™ 56,
134
— zinc chloride 134

c

[Comim] 168ff.

— hexafluorophosphate 168

— tetrafluoroborate 168

— trifluoromethanesulfonate 176
cadmium

— alloy 133

— electrodeposition 95, 133

— removal 323

— semiconductor 147

— telluride 151

- zinc 133

carbon

— activated 322

cathode 357
cation

— anion effect
— structure 10
charge mobility characteristic 5
charge trapping 192
chloroaluminate 10

— ionic liquid 15, 222

— synthesis 19
chloroaluminate liquid

— colorless 17

chlorometallate 39

— ionicliquid 222ff.

119, 373

chlorozincate 105ff., 132ff.

— anion 35

choline 38

— chloride 34, 108, 232, 365

chromium 38

— alloy 132

— aluminium 132

— electrodeposition 95, 132

- film 109

— metallic-looking coating 108

- nanocrystalline film 95

— removal 323

chronoamperometry 106

cobalt

— alloy 134

— electrodeposition 134

— zinc 134

component ion 73

concentration 323

conducting polymer 167ff.

— air- and water-stable ionic liquid  179ff.

— chloroaluminate ionic liquid ~ 177ff.

— electrochemical characterization 191

— morphological characterization 194

— spectroscopic characterization 198

— synthesis 1771f.

conductivity 117, 313f.

— ionic 70

— ionicliquid 313

— modelling 40

— molar 5

copper 112f.

- (1
acetylacetonatotetramethylethyldiamine
62

— alloy 133

— electrodeposition 94, 133ft., 229

— foil 89

— indiumselenide (CIS) 161

— nanocrystalline 94, 229

— plasma electrochemical deposition
(PECD) 278f.

— removal 323

- rotating disk electrode (RDE) 127

— tin 142

— trifluoromethanesulfonate [TFO] 231

— zinc 133

corrosion

— resistance 2, 143

counter electrode 370

— reaction 287ff., 317

crystallite size  216ff.

CVD 311
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cyano-based ionic liquid 28
2-(cyclohexylamino)ethanesulfate [CHES]
60

d

de-alloying 137

— electrochemical 137

1-decyl-3-methylimidazolium cation
[DMIM]*, [decyl-MIM]*  57ff.

deep eutectic solvent (DES) 39, 336, 365

density 56f.

deposition

— mechanism 216

— metal from non-chloroaluminate eutectic
mixture 103

— nanometal 217

— reactive element 114

1,3-dialkylimidazolium tetrachloroaluminate
20

N, N-dialkylpiperidinium 27

N, N-dialkylpyrrolidinium 27

— based ionic liquid 114

dicyanamide anion [DCA]~ 29

1,2-diethyl-3,4-dimethylimidazolium
[DEDMIM]* 72

1,3-diethyl-5-methylimidazolium 186, 193

N, N-diethyl-3-methylpyrazolium [DEMPZ]*
72

N,N-diethyl-4-nitroaniline 59ff.

diffusion coefficient 73f.

diluent 10, 111

Dimersol®) process 4

1,2-dimethyl-3-(n-propyl)imidazolium
[DMPIM]* 72

dimethylimidazolium [MMIM]* 22

dipolarity 59

donor number (DN) 62

dopant

— chiral 204

— Raman-active 198

doping 1871t.

double layer structure 10

dye-sensitized solar cell (DSSC) 29

e

ED(A)X, see energy

electrochemical alloying 137

electrochemical application 47ff.

electrochemical atomic layer epitaxy
(ECALE) 148

electrochemical cycling 193

electrochemical method 172

electrochemical property 66
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electrochemical quartz crystal microbalance
(EQCM) 102, 193

electrochemical synthesis

- conducting polymer 175ff.

electrochemical window 270

electrochemistry

— impurity 338

electrode 173f., 261

— blocking 69

— firstkind 298

— redox 298

— reference, see reference electrode

— second kind 298

electrode-free discharge 265

electrodeposition

— air- and water-stable ionic liquid 92

— alloy 125ff.

— aluminium 245ff., 353

— aluminiumchloride-based ionic liquid
84, 353

— antimony 91

— chloroaluminate ionic liquid  126ff.

— chromium 95

— eutectic-based ionic liquid 104

- gallium 91

— indium 90

— ionicliquid 1ff., 84ft., 147{t.

— lithium 84

— metal 83ff.

— nanocrystalline 8

— nanometer scale 239ff.

— palladium 96

- platinum 96

— pulsed, see PED

— semiconductor 147ff.

— silver 96

- sodium 86

— tantalum 250

— tellurium 92

— tin 91

— zinc 92

electrodialysis 322

electrolyte 261ff.

electrolytic solution 297

electromotive force 260f.

electropickling 7

electroplating 6, 319ft., 345

electropolishing 7, 293ff.

— stainless steel 293

electropolymerization 171ff.

— solution-surface 181

electrostenolysis 266

Endres-quality 342
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energy

— dispersive X-ray (EDX, EDAX) 109ff.,
128

1-ethyl-2,3-dimethylimidazolium
[ediMIM]* 67,193

1-ethyl-3H-imidazolium

— trifluoroacetate 204

1-ethyl-3-methylimidazolium [EMIM] T,
[Comim] 29fF, 48fF, 69, 118, 168fF.

— bis(trifluoromethylsulfonyl)amide 98,
118, 176ft., 247, 340ff.

— chloride 18f., 85ff., 107, 134ff., 353

— chloride/aluminium trichloride ionic
liquid 85, 353

— ethylsulfate 31

— tetrafluoroborate 96

— trifluoromethanesulfonate 176

— zinc(I)chloride 95, 105

ethylene glycol 111, 365

eutectic

— choline chloride based 111

— eutectic-based ionic liquid  31ff,, 104

— impurity in deep eutectic solvent 336

— mixture 103

— point 32

— solvent, see also deep eutectic solvent
336, 365

— typel 33ff, 103ff.

— type I 38, 103ff.

— type III  38f., 103ff.

extraction process 327

FAB MS, see mass spectrometry
ferric chloride 36, 107
ferrocene (Fc) 66, 305, 339
ferrocenium (Fc*) 66, 339

fluidity S

Fourier transform infrared spectroscopy
(FTIR) 198

fragility parameter 69

g

gallium

— arsenide 107f, 149

— electrodeposition 91
germanium  151ff.

— electrodeposition 151, 232

- Ge(111) 231

Gibbs enthalpy 216

glass transition temperature 51
gold

— Au(111) 241ff, 338ff.

— electrodeposition 140

— nano 217

— porous 139
grain refiner 216ff.
grain size 217
greenness 319

h

haloaluminate

— anion 16

— ionic liquid 21ff.

HBD, see hydrogen bond donor

Helmbholtz layer 10

heteronuclear Overhauser effect
spectroscopy (HOESY) 39

hexafluorophosphate [PFg]™

— ionicliquid 24

1-n-hexyl-3-methylimidazolium [HMIM]*
26ft., 253

— tris(pentafluoroethyl)trifluorophosphate
[FAP] 253fF.

1-hexyl-1-methylpyrrolidinium [HMPL]™
30

N-hexylpyridinium [HPYR]"™ 30

high resolution scanning electron
microscopy (HRSEM)  277ff.

high resolution transmission electron
microscopy (HRTEM) 2771t.

highly oriented pyrolytic graphite (HOPG)
157

hydrogen bond

— acidity 59

— basicity 59

— donor (HBD) 39,110

hydrophobicity 28ff.

2-hydroxylethyl ammonium formiate
205

1-hydroxyethyl-3-methylimidazolium
[OH-EMIM]* 60

i

imidazolium 33, 51ff.

— ionicliquid 51

— salt 49

impurity 117, 334, 369f.

— gaseous 336

— particulate 336

— synthetic 334

indium 90, 140

— antimonide 108, 149

— electrodeposition 90, 140
— palladium 140

- tin-oxide (ITO) 188ff.
inert gas condensation (IGC) 214
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ion conduction 75 I
— selective 76 Lewis acid  16ff.
ion conductor — aluminium chloride 89
— anisotropic 53 — ionicliquid 35
ion radius 48 Lewis acidity  104ff., 222, 336
ionic conductivity  68ff. Lewis base 10
ionic fluid 3 life cycle analysis (LCA) 9
ionic liquid (IL) liquid
— air- and water stable 21ff., 140ff., 227 — crystallinity 53
— biodegradable 374 — glycol-based 40
— chiral 203f. — junction 300
— chlorometallate based 222ff. — junction potential (LJP) 300
— chlorozincate 105ff., 222 liquor
— definition 4 — ionicliquid 324
— distillable 204 — water-based  321ff.
— electrodeposition  92ff. lithium
— electrolyte 220f — bis(trifluoromethylsulfonyl)amide [NTF]~
— eutectic-based 104 27,188, 341, 362
— ferromagnetic 36 — 1-butyl-1-methylpyrrolidinium [BMMIM]
— haloaluminate-based 171f. bis(trifluoromethylsulfonyl)imide/
— hexafluorophosphate 24 lithium bis(trifluoromethylsulfonyl)
— moisture-stable 23 imide 362
— nanocrystalline metal 227 — electrodeposition 24, 85, 100
— nanomaterial 371 — [FAP]~ 28
— physical property 47ff. — salt  72ff.
— physicochemical property 29
— plasma electrochemical metal deposition m
274 macroporous structure 139
— plasma electrochemistry  259ff. magnesium
— protic 204 — alloy 131ff.
- recycling 375 — aluminium 131
— regeneration 319ff. — deposition 100, 114
- reuse 319 — electrodeposition 136
— specificion 75 — zinc 136
— stability 269 manganese
— synthesis  15ff. — alloy 131
— task-specific, see TSIL — aluminium 131
— technical potential 6 — electrodeposition 143
— tetrafluoroborate 24 - zinc 143
— type III 344 mass spectrometry (MS)
— water content 174 — fast atom bombardment (FAB MS) 34,
— water-stable 21ff,, 140ff., 227 105
iron mass transport 104
— (II) chloride 36, 107 material compatibility 312
— (III) chloride 36, 107 mechanical process 328
— alloy 135, 218f. melting point  47ff.
— electrodeposition 135 mesoporous structure 139
— nanostructured 226 metal
- zinc 135 — alloy 126
ITO (indium-tin-oxide), see indium — air- and water stable ionic liquid 227
— deposit 218
k — dissolution process 287

Kamlet-Taft parameter 59ff. — groupl 84
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metal (continued)

— group II 88

— group IIT 88

— group IV 91

— group V. 91f.

— group VI 92

— halide cluster 115

— less reactive 93

— nanocrystalline 8, 222ff.

— nanostructured 213ff.

— non-chloroaluminate eutectic mixture
103

- oxide 37

— porous surface 137

— reactive metal 97

- salt 64

— water-stable ionic liquid 227

1-methyl-3-methylimidazolium [MMIM]*"
22

N-methylpyrrolidinium formiate 54

microporous structure 139

[MMIM], see dimethylimidazolium

mobility 41

molybdenum

— aluminjum-alloy 128ff.

— electrodeposition  128ff.

— 1-ethyl-3-methylimidazolium chloride
128

montmorillonite 323

n

nanoalloy 218

— deposition 218
nanocomposite coating 8
nanomaterial 213, 371f.
— ionicliquid 371

— tailor-made 214
nanoparticle 8, 372
nanoporous structure 139
nanostructured metal

— electrodeposition 215
nanotube 205

nanowire 205

Nernst equation 297
Nernst-Einstein equation 41, 73
nickel

— alloy 132,218

— aluminium 132

— chromium 132
electroless plating 322
— nano 214

— recovery 323

— titanium alloy 102
nicotinic acid 316

nilered 64
niobium
— alloy 139

— electrodeposition 139

— ionic liquid 37

— tin 139

4-nitroaniline  59ff.

non-chloroaluminate eutectic mixture 103
nuclear magnetic resonance (NMR)

— pulse-field-gradient (PFG NMR)  73ff.
— solid-state 201

[
1-octyl-3-methylimidazolium [OMIM]*
55£F.

onium cation 48

palladium

— deposition 316

— electrodeposition 96, 140

- gold 140

— indium 140

— plasma electrochemical deposition
(PECD) 280

- silver 140

PED (pulsed electrodeposition) 214f.

— aqueous electrolyte 215

PEDOT, see
poly(3,4-ethylenedioxythiophene)

PFG NMR, see nuclear magnetic resonance

phosphorus oxyfluoride 335

plasma

— electrochemical cell 266

— electrochemical deposition (PECD)
2744t.

— electrochemical metal deposition in ionic

liquid 274

electrolysis  267f.

electrolyte interface 262

— experiment 269

— low-temperature 261

reactor 264

— type 264

plasma electrochemistry  259ff.

plating protocol ~ 353ff.

platinum

— (II) tetraamino 130

(IV) bis(acetylacetonato) 130

— alloy 130

— aluminium 130

— electrodeposition 96, 130ff.

— plasma electrochemical deposition
(PECD) 280

— zinc 136ff.
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PMIM, see 1-n-propyl-3-methylimidazolium r

polarity 58ff. recovery 320
polarizability 59 — electrolyte 320
polarization 262 recycling 318, 375
polaron 200 redox process 328
poly(aniline) 168, 179, 193ff. reference electrode  296ff.
poly(bithiophene) 183 — characteristics  298f.
poly(3,4-ethylenedioxythiophene) (PEDOT) — pseudo/quasi  299ff.

168, 188ft., 200 — room temperature ionic liquid 296
poly(fluorene) 178 refractive index 56
poly(3-(4-fluorophenyl)thiophene) 186 regeneration
poly(N-methylpyrrole) 194 — electrolyte 320
poly(para-phenylene) (PPP) 178, 191, — ionicliquid 319ff.

252ff. Reichardt’s betaine dye  59ff.

— electrodeposition  252ff. reuse

poly(pyrrole) 168ft., 179, 200ff. — electrolyte 320
poly(terthiophene) 176ff., 205 — ionicliquid 319

poly(thiophene) 168ff., 183ff. room temperature ionic liquid (RTIL) 24,
- nano 205 300ft.

— paradox 183 — structure 303

polyethylene glycol (PEG) 322 rotating disk electrode (RDE) 127
polymer — copper 127

— coating 7

— conducting, see conducting polymer s

— heterocyclic 171 scanning tunnelling microscope (STM)
— nano-dimensional 205 2391t

polymerization — in situ 2391t

— chemical 205 selenium  160f.

— electrochemical, see electropolymerization - CIS 161

post-treatment protocol 317 — gray 160f.

potential difference 297 semiconductor 147ff.

potential energy side chain effect 49

— interionic 35 SIGAL process 3,97

potential window 66 silicon 155ff.

pretreatment protocol  289f., 313 silver  308f.

probe molecule — de-alloying 137

— solvatochromic 61 — deposition 309

process liquor — electrode 138

- regeneration 321 — electrodeposition 96, 140

— water based 321 — palladium 140

process safety — plasma electrochemical deposition
— intrinsic 374 (PECD) 274ff.
1-n-propyl-3-methylimidazolium [PMIM]* — reference electrode 308

22 — surface diffusion 138
propylene carbonate/tetrabutylammonium solar cell 373
— hexafluorophosphate 168 - copperindiumselenide (CIS) 161
PVD 311 — dye-sensitized (DSSC) 29
pyridine 17 solubility 64
pyridinium 33 solution

— aqueous 2
q — non-aqueous 3
quartz crystal solvatochromism 58
— metal-coated 193 solvent

quaternization reaction 17f. — polarity 59
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stability

— electrochemical 270

— ionicliquid 269
Stokes-Einstein equation 41
surface energy 213

t

tantalum 114

- 1-butyl-1-methylpyrrolidinium
[BMP]bis(trifluoromethylsulfonyl)imide
364

— deposition 116

— electrodeposition 100, 250ff.

— ionicliquid 37

— XRD amorphous 101

tellurium

— electrodeposition 92

temperature 9, 172

— variable 374

tetraalkylammonium 27

tetraalkylphosphonium 27

tetracyanoborate anion [TCB]™ 29

tetraethylammonium cation [Nyy,]t 48

tetrafluoroborate [BF4]~ 69

— ionicliquid 24

tetramethylammonium cation [N1111]T 48

N,N,N',N -tetramethylphenylenediamine
radical cation/N,N,N',N'-tetramethyl-
phenylenediamine couple (TMPD-*/
TMPD)  305f.

[TESI]™, see
bis(trifluoromethylsulfonyl)amide

thermal conductivity 53

thermal decomposition temperature 52

thermal degradation temperature 47

thermal unit operation 325

Therminol® 53

thiocyanate 29

thiophene 183

tin

— alloy 133ff.

— chloride 107

— copper 142

— deposition 111

— electrodeposition 91, 133ff.

— indium 142
— niobium 139
— zinc 133

titanium 102

— chloride 102

— electrodeposition 102, 114

— 1-ethyl-3-methylimidazolium chloride
127

toxicity 8

transition

— solid-solid 53

tri-1-butylmethylammonium [TBMA]™
143

— bis((trifluoromethyl)sulfonyl)amide 143

tricyanomethide anion [TCM]~ 29

triflate [OTf]~, [TfO]~, [TA~ 25, 93, 180

— ionicliquid 25

trifluoroacetate [ATF]~

— ionicliquid 25

trifluoromethylsulfonate, see triflate

trimethyl-n-hexylammonium [TMHAJ*
140

— bis (trifluoromethylsulfonyl)amide 94,
140

trihexyl-tetradecyl phosphonium [P14.6.6.6]",
[Pe.oo14]t 98,229

— bis(trifluoromethylsulfonyl)amide [Tf;N]
98, 202f.

2,4,6-triphenylpyridinium- N-4-(2,6-
diphenylphenoxide)betaine
59

tris(trifluoromethylsulfonyl)methide 93

trispentafluoroethyltrifluorophosphate
[FAP]- 28

TSIL (task specific ionic liquid) 65

u
underpotential deposition (UPD) 105, 128,
151, 224£.

urea 111ff.
v
vanadium

— electrodeposition 114

vapour pressure 54

viscosity 40ff., 104ff.

— modelling 40

Vogel-Tamman-Fulcher (VFT) relationship
40, 69

voltammetry 305f.

— quantitative 308

w

Walden product 69

Walden rule 5f., 41f.
Warren-Averbach technique 217
waste treatment 317

water 335

— content 174

Wilkes 23

Wiliamson Hall procedure 217
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X — copper 133f.
X-ray powder diffraction (XRD) 127 — deposition 111, 344
— pattern 101 — electrodeposition 93, 132ff., 365
X-ray photoelectron spectra (XPS) analysis —iron 135

128,199 — magnesium 136

— manganese 143

z — nickel 136
zinc — platinum 136
— (II) chloride 36, 94 - tin 133
— (II) chloride-1-ethyl-3-methylimidazolium zinc telluride

chloride 95, 105 — electrodeposition 150
- cadmium 133 zirconium
— chlorozincate 105ff., 132ff. — aluminium alloy 129f.
— coating 365 — electrodeposition  129f.

— cobalt 134 zwitterionic salt 77



