
Index

a
ab initio calculation, see first principles

calculation
acceptor 49, 74f.
– doped mixed oxides 266
– electron-acceptor molecule 366ff.
acid–base ionization/dissociation

constant 351
activation energy 83, 85, 230f., 233, 236f., 285
– conductivity 237, 302ff.
– ionic diffusion 236
activity, thermodynamic 9f., 417f., 428ff.
AFM (atomic force microscopy) 205, 219,

376, 380f.
aluminates 247, 316f.
amorphous
– carbon electrode 160ff.
– material 111, 242
– structures 240
annihilation, point defects 5, 57
Arrhenius
– law 83
– plot 113, 121, 229f., 233, 264, 409
associates, see defect cluster
association
– energy 304f.
– point defects 55, 303f., 314
atom
– cationic guest 133
– jumping 82, 103
– migration 83, 103
– -transport 80

– vibrations 57

b
ball milling 98f., 110f.
band
– conduction 4, 47f., 372

– diagram of ECP 371ff.
band-gap
– electronic 47, 72, 87, 373, 375
– optical 376
band
– theory 47f.
– valence 4, 47, 372
battery 6, 75
– charge/discharge 91, 134, 149
– energy density 135, 138
– life cycle 135
– lithium ion 6f., 12, 90ff., 220
– materials 90, 92, 133f., 138, 149
– nanoionics 11f., 86ff.
– rechargeable 90, 133, 135, 138, 149
– resistance 159
– self-discharge 134
Beevers–Ross (BR) sites 283f.
BET (Brunauer–Emmett–Teller) 97f.
binding energy 73, 142, 147
Bird–Dorn–Mukherjee equation 110
Boltzmann constant 82, 136, 389
bond
– length 372
– strength 2f., 231f.
– valences 231f., 241f.
– valence-bond distance functions 241
– valence maps 241ff.

– valence model 243
boundary 5
– condition 144, 159
– grain (see also Grain boundary) 11, 80ff.,

228
– three-phase 182, 186, 188
– zones 5, 11
Bragg–Williams approximation 138, 141
Brouwer diagram 53f.
brownmillerite 35, 55f., 317f
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bulk
– conductivity 120
– defect concentration 84
– lattice diffusion 105, 109
– materials 81, 227
– transport 6
Burger�s vectors 110, 114
Butler–Volmer kinetics (Butler-Volmer

equation) 5, 188, 195, 205

c
capacity
– chemical 7
– differential 392f.
– irreversible 91
– reversible 90, 92
cast process
– extrusion-cast process 340
– solution-cast process 346
catalyst 86f., 406f., 411
– layer (CL) 336
– platinium 336f., 346
– tin oxide-based 86f.
– Ziegler–Natta solution 365
cation transport 231ff., 280ff.
– b/b00-alumina 233f., 247ff., 282ff.
– NASICON-type structures 248ff.,
293ff.

– perovskite-type structure 33f., 286f.
– Sc2(WO4)3-type structure 287ff.
ceramics 11, 80ff., 227, 308
chalcogenides 22f.,
charge carriers 3f., 62, 66
– electronic 66f., 75, 376, 386
– ionic 66, 70, 376
– polaronic 372f., 380
charge
– density 5
– flow 5, 62, 67ff.
– hopping 187f.
– number 70
– separation 66
– storage 380, 387
charge transfer (CT) 6, 59ff.
– limited mechanism 150
– low-dimensional 366f.
– molecular CT complexes 366ff.
– reaction 183f.
charge transport process 67ff., 183f.
charge trapping 383, 385f.
chemical diffusion, see Diffusion
chemical expansion 58f.
chemical potential 1, 46, 51, 59ff.
chromite 76

chrono
– amperometry 375, 377
– potentiometry 375
CNTs (carbon nanotubes) 88f., 343f., 346
– SWCNT (single-wall CNT) 346, 369
coatings 92, 378
cobaltites 75, 305, 321f.
color center 400
concentration
– ionic charge carriers 10, 46f., 150, 238, 303f
conduction
– anisotropy 227, 232, 290
– channels 71, 240f.
– paddle-wheel 235, 241
– pathways 242, 246, 374
– unipolar ionic 69
conductivity
– AC 103, 108, 288
– ambipolar 7
– bottleneck concept for ion diffusion

analysis 235ff.
– DC 103, 115, 288
– electronic 2, 66, 69, 72f., 75, 92, 113, 120,

233, 289, 291ff.
– frequency dependence 5, 108
– heat 60
– ionic 2, 15f., 19f., 66, 68f., 73ff., 107
– mixed ionic and electronic (MIEC), seeMIEC
– partial 5, 62, 65
– protonic 73, 227f., 262ff., 317f., 335, 350f.,

353, 409, 439
– n-type electronic 67f., 119, 310, 439
– p-type electronic 67f., 76, 89, 305f., 310,

313f., 316f., 439
conductor
– electronic 69, 75
– ionic 3, 70f., 240f.
– mixed ionic and electronic (MIEC), seeMIEC
– superionic 2, 15, 69
– unipolar 231
conductor, alkali metal cationic 227f., 247ff.,

428ff., 439ff.
– b/b00-alumina 247ff., 439, 444ff.
– b/b00-ferrites 247ff.
– b/b00-gallates 247ff.
– brucite-like octahedral layers 251f.
– cristobalite-related tetrahedral

frameworks 252f.
– NASICON (Na SuperIonic CONductor)

248ff., 439, 444ff.
– sodium silicates 251
conductor, lithium cation 133ff., 255ff., 445,

448
– isolated monoatomic anions 260ff.
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– isolated tetrahedral anions 259
– LISICON (Li SuperIonic CONductor) 259,

445
– mixed frameworks 255ff.
– octahedra framework and layered
structures 258f.

conductor, multivalent cations 279ff.
conductor, oxygen anion: see Oxygen ion-

conducting materials
conductor, protonic
– acids and acid salts 265f.
– ceramic oxides 266ff., 409
– intermediate-temperature 268ff.
connectivity 231ff.
conversion
– efficiency 180
– reaction process 90f.
Cottrell
– behavior 151, 168, 190
– non-Cottrell behavior 151, 187
– region 151, 160
coulometric titration 171
creep
– Coble 109f.
– Nabarro–Herring 109f.
– rate 110
crosslinking
– covalent 353
– density 342
– ionic 353
– ultra-violet irradiation-induced 353
cryolite 33
crystal
– close-packed 82
– growth 44
– imperfect 44ff.
– ionic 60, 69, 82, 84
– single 17ff., 80, 227f.
crystal lattice 15
– disorder 15, 19, 21, 47ff., 71, 133, 144, 238,

314
– gas model 133, 136ff.

– ideal 44, 47
– parameters 58, 236f.
– rigid 231f., 235f., 238
– site occupancy 238
– spacing 85, 111
– strain 58, 85, 306
crystal structure 16, 70, 133f.
– b-alumina 234ff.
– analysis 16ff., 239ff.
– antifluorite 29f.
– Bi2O3 derivatives 29, 312
– bottleneck concept 235ff.

– copper cation conductors 21ff.
– chain 232
– fluorite 24ff., 72ff.
– layered 23, 237, 282
– perovskite 32ff., 55, 73
– pyrochlore 30f., 313
– silver ionic conductors 19ff., 72f.
– spinel-based 31f., 138, 234
– stability 232
– type 233, 238, 247ff.
crystallographic shear (CS) 56f.
– plane 57
– ReO3 structure 56f.
– repetition rate 57
cuprates 322, 324
current
– collector 76, 324, 410f.
– DC (direct current) 284, 399ff.
– density 62ff., 358, 403ff..
– diffusion-limiting 209
– peak 187
– potential relationship 150, 157f.
– transients (CTs) 149ff.
– –voltage responses 188f., 193, 345, 401f.
Czochralski (CZ) method 289

d
Debye-Hückel
– corrections 11
– theory 83
Debye length 83, 88, 118
defect
– anion-Frenkel pair 83
– cation-Frenkel pair 83
– reaction 5, 9, 43
– chemistry 9ff.
– cluster (see also Association of point

defects) 26f., 55, 72, 303ff.
– concentration (see also Concentration of ionic

charge carriers) 9f., 25, 50ff.
– electronic 48, 51, 53f., 68, 456
– equilibria 43, 46, 54f.
– formation 3, 44, 46, 72, 83, 303
– Frenkel-disorder 4, 25f., 47, 49, 325
– higher-dimensional 11f., 44f.
– interaction 52, 55, 75, 303ff.
– interstitial 3, 25, 44, 46, 72, 76, 82f.,

322, 439
– ionization 48f.
– line 44
– ordering 55
– plane 44
– point 3, 44ff.
– protonic 263ff., 356, 439
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– Schottky defects 47ff.
– stoichiometric, see inherent defects
– structure 44, 69, 70, 305, 307
– thermodynamics 4, 43ff., 83
deficiency
– A-site cation 286, 314, 319
– oxygen 34, 74, 310, 318, 321f., 409
deintercalation 90f., 133ff.
– intercalation/deintercalation reaction

133ff.
– kinetics 149ff.
– reversible 133ff.
– thermodynamics 135ff.
density functional theory (DFT) 242ff., 305
deposition
– CVD (chemical vapor deposition) 413
– electro- 377ff.
– electroless 376
– ESD (electrostatic spray deposition) 413
– EVD (electrochemical vapor deposition)

413, 421
– potentiostatic 378
– sol-gel method 88, 94f., 99, 110, 122, 293f.
– spray pyrolysis 94, 110
diffusion
– bulk (see also Bulk conductivity, Bulk

transport and Bulk lattice diffusion) 80
– chemical 6f., 159
– coefficients 6f., 9, 61f., 80, 82, 103ff., 188,

200, 202, 244, 376
– controlled process 133, 149f., 383
– convergent 195, 206f.
– domain approach 193ff.
– grain boundary (see also Grain boundary)

80, 104f.
– inter-agglomerate 104f.
– layer 195ff.
– length 6, 427
– linear 195f.
– molecular 241
– near-steady-state 199
– non-linear 195
– one-dimensional 60
– overlapping effect 201f.
– pathways 239, 243
– planar 190f., 197, 205f., 208
– profile 184f., 197
– rate-controlled process 149
– self-diffusion coefficient 80, 391
– shielding effect 201f.
– spherical 207
– theory 82f.
– thin layer-like 190
diffusivity, see Diffusion

dislocation 83, 104
– climb 109
– content 111
– edge 44f.
– line 44
– srew 44f.
disorder
– dynamic 15, 19, 35
– electronic 47ff.
– extrinsic 15, 228
– intrinsic 15, 47ff., 228
dissociation 3, 453
dissolution
– electroactive phase 183
– microparticles 202ff.
Donnan equilibrium 389
dopant 3, 74, 86f.
– acceptor-type 75, 306f., 314ff.
– concentration 54, 303, 307
– heterovalent 228
– segregation 120, 122, 308, 310
– variable-valence 315f.
doping
– p-conjugated polymers 371ff.
– n-doping, polymers 375, 383f., 388
– p-doping, polymers 375, 382ff.
– electrochemical, polymers 375ff.
– heterovalent 229, 238
drag coefficient 355
driving force, thermodynamic 5, 59ff.
dynamic light scattering 96

e
ECPs (electronically conducting polymers),

see polymers
EELS (electron energy loss spectroscopy) 306
Einstein-Smoluchowski equation 102
electric field 61, 151
– phase decomposition 279
electrical
– current density (see also Current density)

62, 66
– neutrality 46, 49ff., 83
– potential 1, 60
electroactive
– films 367, 369
– polymers 366ff.
electrocatalytic reduction 197
electrochemical active phase 182ff.
electrochemical cell
– galvanic cell 6f., 134, 366
– high-temperature 75, 397ff.
– open-circuit cell 6f., 398, 428ff.
electrochemical
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– conversion 179
– equilibrium 5, 135
– inactive matrix 182
– potential 1, 3, 62, 68, 84
– reduction 90, 184, 401, 403, 418
– reversibility 188, 407
– synthesis 374ff.
– transport 63
electrode
– auxiliary 429f., 444ff.
– blocking 8f., 195f., 200
– BPPG (basal plane pyrolytic graphite)

196ff.
– carbon paste 204
– carbonaceous 133f., 138, 149, 151, 160f.
– composite 164
– electrocatalytic 452ff.
– hemispherical 209
– inert 179f.
– macro-sized 179
– material 75f., 90, 92, 133f., 138, 151, 318ff.,

410f., 452ff.
– mechanically immobilization of particles

180ff.
– microdisk 196, 198, 201f.
– microelectrode, see regulary distributed

microelectrode arrays
– parasitic anodic reaction 381f.
– porous 9, 318
– RAM (random assemblies of

microelectrodes) 196
– reference, in sensors 441ff.
– response kinetics 443f.
– reversible electrode transfer 8f., 210
– short-circuited 134
– stability 444
– three-phase 182ff.
– transitionmetal-containing 133f., 138, 149,

151, 318
electrolysis 7, 134, 284, 286, 288, 407
– steam 414
electrolyte
– b-alumina-based 234f., 247f., 282f., 406,

439ff.
– carbonates 439, 445ff.
– ceramic 74, 307ff.
– chains 430f., 443
– composite 84, 430
– electrochemical reduction 403, 407
– heterogeneous 84
– liquid 1, 69, 179
– NASICON 248f., 293f., 406, 439ff.
– perovskite-type 34, 314ff.
– phosphate 445f.

– polymer 3, 336ff.
– proton-conducting 262ff., 308f., 409f.,

439f.
– solid 1f., 28, 63, 66, 69ff., 93, 301ff., 409,

437ff.
– solution 181, 184, 186, 374ff.
– sulfate 439, 447
– ZrO2-based (see also Oxygen ion-conducting

materials: Stabilized zirconia
electrolytes) 9, 28, 74, 93, 305, 307ff., 408,
437ff.

– thoria (ThO2), doped 308, 438
electromigration 61, 63
electrolytic domain 401f.
electrolytic leakage 64
electrolytic permeation (see also Electrolytic

leakage) 64,
electron
– acceptor strength 378
– density distribution 243, 245
– direct injection 400
– donor molecule 366ff.
– donor strength 378
– exchange 68
– expulsion 184
– fluxes 64, 184
– holes, see Hole
– hopping 187f.
– transfer 182f., 188, 197, 199f., 205f.
electron spin resonance measurements 376
electronegativity 238f.
electroneutrality condition 5, 46, 49ff., 305
electrophilic reaction 375, 406
EMF (electromotive force)

measurements 134, 171f., 285, 288f.,
404, 417

energy (see also Activation energy)
– barrier 82, 233, 244, 284
– binding 304f.
– conversion efficiency 335
– density 7f., 135, 138
– level diagram 4f., 49
– profiling 244f.
enthalpy 47f., 136, 140ff.
– association 303
– C�H bond dissociation 351
– migration 304
– partial molar 140ff.
– transformation 181
entropy 136, 140ff.
– MEM (maximum entropy method) 245f.
– partial molar 140ff.
EPMA (electron probe microanalysis) 284,

289f.
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EPOC (electochemical promotion
catalysis) 406f.

EQCM (electrochemical quartz-crystal
microbalance) 376, 378ff.

equilibrium
– constant 46f., 49f., 55, 83
– local 5
– thermodynamic, see Thermodynamic

equilibrium
EW (equivalent weight) 338f., 341
EXAFS (extended X-ray absorption fine

structure) 15f., 18, 91, 99ff., 306
– copper superionic conductors 21ff.
– Debye-Waller factor 100
– defect cluster configuration 306
– fluorite-based conductors 27
– microstructure 115
– particle size determination 99ff.
extraction, see deintercalation

f
Faradaic
– effect 406
– efficiency 378
Faraday�s
– constant 135, 406, 428
– law 181, 280, 398, 400, 402, 406, 414, 416ff.
Fermi
– Dirac statistics 4
– level 49, 456
ferrites 247, 305, 320f.
Fick law
– first 60, 168, 184, 188
– second 104
first-principles calculation 149, 242
flow
– heat 60
– migration 61
flux
– diffusion-limiting 210
– driving force 5, 59ff.
– potential plots
forces
– chemical 61f.
– coulombic 55, 59, 75
– electrical 61f.
– electron-exchange 55
– mechanical 58
– pressure 58
– thermodynamic 59
Fourier transform infrared spectroscopy

(FTIR) 220, 376
Frenkel defect, see inherent defects
Frumkin-type isotherm 389f., 391

fuel cell 1, 6ff.
– alkaline (AFC) 335
– design 411ff.

– durability 398
– electrochemical reduction 403, 407
– geometry 415, 420f.
– high-temperature 354f., 418f.
– ITFC (intermediate-temperature) 8, 358,

397, 399, 408
– ITPCFCs (intermediate-temperature

protonic ceramic) 422f.
– materials 75ff., 92ff., 301ff., 336ff., 408ff.
– mode 398, 402ff.
– molten carbonate (MCFC) 335
– nanoionics 92f.
– operating modes 402ff.
– performance 337, 342, 346, 355f., 358,

398, 404
– phosphoric acid (PAFC) 335
– proton-exchange membrane (PEMFC) 8,
335ff.

– pumping mode 398, 402f.
– SCR (single-chamber reactor) 398
– SEMRs (solid electrolyte membrane

reactors) 397, 403
– sensor mode 402f.
– solid oxide (SOFC) 8, 28f., 58, 64, 73, 75f.,

93, 308, 318f., 335, 397, 408ff.
– stack 415, 420

g
galvanic cell, see electrochemical cell
galvanostatic intermittent titration technique

(GITT) 139, 151, 160, 164, 376
garnets 255, 319
gas adsorption surface area measurements

96ff.
GCE (grand canonical ensemble) 144
GDL (gas diffusion layer) 336
GGA (generalized gradient approximation)
Gibbs free energy 44, 46, 61, 82f., 136,

159, 402
Gibbs–Helmholtz equation 67
Gibbs� phase rule 137
Goldschmidt tolerance factor 32, 73
grafting 342, 374
grain boundary 11, 80ff.
– diffusion 80, 85, 104f., 109, 118
– migration 104
– mismatch tilt angle 85, 111
– phases 228
– region 99
– resistance 120, 123, 230, 316
– segregation 308, 310
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– sliding 109
– width 81, 105
grain growth 88, 104, 111
– inhibition 88
– nucleation–growth process 180
grain-oriented 228, 232
grain size 80f., 84, 105, 121, 228
– coarse-grained 81, 116, 121
– control 95
– determination 96ff.
– high-angle 85
– nanocrystalline 80f.
– reduction 95

h
halides 21, 25, 33, 112
Hall effect 88
heterostructures 122
hole (see also Conductivity, p-type

electronic) 48ff., 51, 66f., 69, 75, 318
hopping (see also Electron hopping) 5, 188,

355
– distance 5
– Mott-type conductivity mechanism 385
hydrocarbons 402, 405
– direct oxidation 405
hydrogen 399, 402f., 405
– pumping 414, 416
– separation 414
hydrogenation 399, 423
hydrophobic/hydrophilic separation 351

i
impedance spectroscopy 117f., 285, 435
– AC complex 113, 115, 120
– cell-impedance-controlled model 133, 135,

150f., 155, 159ff.
– electrochemical impedance spectroscopy

(EIS) 151, 158, 375, 386
– Nyquist plots 391
– Warburg impedance 172
– Warburg region 392
impurity 54, 85, 279, 308
– concentration 54f.
– control-region 54
– heterovalent 55
– ionic 279
– phases 44
– segregation 308, 310
inert gas condensation (IGC) 94f., 98f.,

110, 122
inherent defects
– Frenkel defects 4, 25f., 47, 49, 325
– intrinsic electronic disordering 47f.

– ionization of defects 48f.
– Schottky defects 47ff.
injection/extraction time 150
insertion, see intercalation
insulators 69, 84
interaction
– attractive 137, 141, 144, 389
– constant 389
– coulombic 3, 71
– defect 228, 303, 428
– effective pair-wise 142, 145
– elastic 304f.
– electrostatic 281, 287, 303ff.
– many particle electron–electron 242
– ionic 137, 169, 370f.
– long-range 141f.
– point defects 55
– repulsive 137, 141, 144, 149, 389
– short-range 141f.
intercalation 90, 133ff.
– electrode 90, 133
– /deintercalation reaction 90, 133ff.
– graphite intercalation compounds 369ff.
– kinetics 149ff.
– lithium 133ff.
– rate-controlled process 149
– reversible 133f.
– thermodynamics 135ff.
interface
– anode/electrolyte 134
– cathode/electrolyte 134
– coherent 85
– conductivity effect 11
– disordered 80f., 99
– electrode/electrolyte 150f., 159f., 166, 168
– incoherent 85
– metal/film/solution 392
– metal/polymer 390
– microparticle/solution 197
– nanocrystalline 80
– polarizable 390
interfacial 63
– kinetics 390
– potentials 392
– region 84
– transport 279
interstitial, see defect
intrinsic electronic disordering, see inherent

defects
ion
– counter- 374, 378, 383
– counterbalancing 373f., 389
– exchange 5f., 282ff.
– exchange capacity (IEC) 338, 340, 345
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– migration path 227
– polarizable 71
– transfer 7, 183
– transfer number 2, 63, 67, 317, 321
ionic
– aqueous 3, 15
– charge carriers 3, 12, 55
– radius 32, 59, 73f., 288f.

k
kinetic coefficients 8, 59ff.
kinetics
– deintercalation 149ff.
– electrode 8, 443f.
– intercalation 149ff.
– surface-exchange 66, 318, 320, 322, 399
Kröger-Vink notation 46

l
lithium intercalation 133ff.
lithium niobate 114
lithium nitride 260
LISICON (Li Super-Ionic Conductor) 259f.
local density approximation (LDA) 243
long-range order 44, 55f., 305
LPG (liquefied petroleum gas) 89

m
manganites 75, 318f.,
mass
– action constant 9
– balance 46
– flow 59, 61f., 64
– transfer 60, 63, 193
– transport 61, 397, 404
MBE (molecular beam epitaxy) 113f., 117
McNabb–Foster equation 163, 166f.
mean-field theory 137f., 142, 145
mechanical attrition 95f.
melting
– point 21f., 28, 71
– sublattice 3
membrane
– catalyst material/PFSA 345f.
– ceramic 64f., 310, 318ff.
– chemical structures 341, 348f., 356
– CNT (carbon nanotube) 343f.
– composite 342ff.
– degradation 338f., 344, 351f.
– dense 64, 318, 397ff.
– durability 338f., 351f.
– DVB (divinylbenzene) 341f.
– electrochemical parameters 338
– electrolyte assembly (MEA) 338

– fluoride ion emission rate (FER) 339
– gas-separation 75
– heteropolyacid/PFSA 346
– high-temperature PEMs 354ff.
– hybrid organic–inorganic 344ff.
– hygroscopic material/PFSA 345
– mixed-conducting (see alsoMIECs) 316, 320
– Nafion 339ff.
– Nafion/PTFE 343, 346
– NEMCA (nonfaradaic electrochemical

modification of catalytic activity) 398,
402, 406f.

– nitrogen-containing heterocycles 356f.
– non-fluorinated ionomer 347ff.
– oxygen permeability 64ff., 316, 417f.
– PBI (polybenzimidazole) 354f.
– performance 337, 342, 346
– PFSA (perfluorinated sulfonic acid) 339,

342ff.
– PFSA/CNT 343
– PFSA/PTFE 342f.
– physical properties 338, 341, 353f.
– porous 342f., 352, 358
– post-sulfonated polymers 347ff.
– proton-exchange (PEM) 336ff.
– PTFE (polytetra-fluoroethylene) 342
– PVDF (poly(vinylidene fluoride) 342
– reinforced composite 342ff.
– RTILs (room-temperature ionic liqzids)

357f.
– self-humidifying reinforced composite

346f., 353
– SPCM (spray-paint composite

membrane) 343f.
– TAC (triallyl cyamirate) 341f.
– thermal stability of PEMs 354ff.
– thickness 399, 408f.
– WO3/PFSA 344
Metropolis algorithm 144
micro/nanoparticles 179ff.
– carbon paste electrode 204ff.
– geometry 188, 190f., 199
– mechanically immobilizing assemblies

180ff.
– random microparticle arrays 192ff.
– voltammetry 202ff.
MIECs (mixed ionic and electronic

conductors) 2, 8, 69, 73, 75, 184, 285
– electroactive inorganic solids 369ff.
– electroactive polymeric films 367, 369ff.
– electronic conducting polymers (ECPs)

369ff.
– perovskite-based oxide 75f., 286f., 318ff.,

410, 444
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– polymer-like carbonaceous material 369
MIEC membrane 75, 301ff., 403ff., 460
migration
– cation 235, 279ff.
– channel 235
– energy 83f., 103, 302ff.
– interstitial anion 76, 322f.
– proton 355
– vacancy 323
mismatch
– cation size 75, 305
– tilt angle 85, 111
molecular dynamics (MD) 15, 19, 244ff.
– AIMD (ab initio MD) 244, 246
– antifluorite superionic conductors 29
– fluorite-based superionic conductors 27
– perovskite-based superionic

conductors 33f.
– pyrochlore-based superionic conductors 31
Monte Carlo (MC) methods 19ff., 142ff.
– KMC (kinetic Monte Carlo) method 166
– MCS (Monte Carlo step) time 168
– RMC (reverse Monte Carlo) modeling 20,

242, 246
Mössbauer spectroscopy 103
motional correlation time 103

n
Nafion, see membrane
nanocrystals, see nanoionics
nanocrystalline 80, 88
nanoionics 11, 79ff.
– battery materials 89ff.
– ceria 119ff.
– fuel cells 92f.
– gas sensors 86ff.
– growth 88
– halides 112ff.
– ion-conducting 79ff.
– microstructure 98ff.
– nucleus 101f.
– oxides 114f.
– preparation 94ff.
– super-hardness 80
– titania 121
– transport measurements 102ff.
– zirconia 115ff.
nanoparticles, see micro/nanoparticles
Nernst–Einstein equation 62f., 123, 183,

289, 416
Nernst
– equation 183, 199, 416, 449, 451
– glower 280
– non-Nernstian isotherm 389

neutron diffraction 15, 21, 245f.
– antifluorite superionic conductors 29
– Bi2O3-based superionic conductors 29
– fluorite-type superionic conductors 25ff.
– silver superionic conductors 21ff.
– spinel-type superionic conductors 31
Newton�s equations of motion 19
nickelates 305, 322
Ni-YSZ anodes 93, 411
NMR (nuclear magnetic resonance) 15f., 18,

99, 244, 357
– field gradient experiments 105, 107f.
– fluorite superionic conductors 25ff.
– MAS-NMR (magic-angle spinning

NMR) 18, 101f.
– particle size determination 99
– perovskite-type superionic conductors 33f.
– relaxation time experiments 105ff.
– spinel-type superionic conductors 31f.
NTP (Normal Temperature and Pressure)

415
nucleophilic 375

o
Ohm�s law 62, 150, 157f.
Onsager�s
– cross-coefficients 9, 60ff.
– reciprocal relations 60ff., 63
open-circuit
– catalytic reaction rate 406
– cells 7, 398
– voltage (OCV) 67, 352, 403, 434ff.
optical absorption spectroscopy 96, 376
oxygen
– activity 417ff., 449
– atoms 53
– chemical potentials 52f.
– EGO (exhaust gas oxygen) 463
– flux 65f., 320, 403
– generator (see also SEOS and MIEC

membrane) 415
– getter 397
– high-purity 397, 414
oxygen ion-conducting materials 75, 301ff.
– acceptor-doped oxide phases 302ff.
– apatite-type phases 324, 409
– Bi2O3-based materials 29, 310ff., 408
– BIMEVOX 35, 313
– ceria, doped 28, 120ff., 302ff., 309, 408, 452
– fluorite-related phases 313f.
– LAMOX (La2Mo2O9 and its derivatives) 19,

324
– perovskite-type phases 34, 73ff., 314ff., 410
– pyrochlore-type 30f., 313f.
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– stabilized zirconia electrolytes 28, 75,
115ff., 307ff., 408, 437

oxygen
– ion transference number (see also Transport

number) 313
– migration 313, 323
– nonstoichiometry 52ff., 63ff., 74, 305f
– partial pressure 9, 28f., 52ff., 308, 323,

325f., 416, 430ff.
– permeation 66, 320, 324, 417, 419
– pump 397, 414, 416ff.
– reduction 401
– sensor 414, 416f., 419, 438, 463ff.
– vacancy fluxes 64
– vacancy ordering 55f.

p
Paierls approach 371, 373
Pauling�s principles 241
Penetration 104, 123
percolation theory 84
permeability 2
– electrolytic 63
– gas 338
– oxygen (see also Oxygen permeation,

Electrolytic leakage and MIEC
membrane) 66, 320, 324, 417, 419

– steady-state 64ff., 320
perm-selective 387, 389f.
– isotherm 390
– polymeric film 391
PFSA (perfluorinated sulfonic acid), see

membrane
phase
– coexistence 145, 149, 158
– diagram 144, 147, 149, 318
– equilibria 51
– stability 149, 312f., 319ff., 409
– three-phase junction (boundary) 184, 410,

430f.
– three-phase reaction 184
phase transition 21, 229
– copper superionic conductors 22f.
– distortion-type 230
– ferroelectric 229
– first-order 29, 230, 390
– intercalation-induced 391
– metal–insulator 149
– order–disorder 133, 138, 141, 144, 147f.,

169, 317
– Paierls 371, 373
– probability 168
– reconstructive 229f.

– second-order 144, 230
– silver superionic conductors 24, 280
– superionic 25ff., 72f., 229
– time 169
PIXE (proton-induced X-ray emission) 96
Poisson�s equation 5
polarization 6f., 318, 404, 374, 432ff.
– activation 404
– concentration 432ff.
– PEMFC 347
– potentiodynamic 377
– resistance 319
polarizability 239, 287
polaron 2, 68, 373, 375, 383, 387ff.
polymer
– p-conjugated 365ff.
– p-conjugated oligomers 366ff.
– donor–acceptor-type copolymer 382
– doping 371ff.
– electronic conducting polymers

(ECPs) 366ff.
– film 369
– non-conjugated 368
– polymeric inorganic metal 367
polymerization 349f., 357
– acetylene 365
– electro- 375, 377f., 381
– galvanostatic 378
– in situ 357
– pyrrole 366
porosity 86, 308
potential
– chemical, see Chemical potential
– –current–time domain 376
– electrical 1, 59f., 65, 67
– electrochemical 1, 3, 62, 68, 84
– extraction 165, 167ff.
– Galvani 135, 387, 389f.
– drop 67, 163, 390, 404
– injection 163
– jumps 165ff.
– mixed 432ff.
– over- 404, 431, 433, 452
– peak 181, 207f.
– plateau 163
– reference 441f.
– standard 3, 183, 389
potentiostatic intermittent titration technique

(PITT) 376
power density 335f., 404
– battery 135, 138
– volumetric 420
POX (partial oxidation) 405
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proton
– conductivity 73, 227f., 262ff., 317f., 335,

350f., 353, 356f., 409f.
– conductors 227ff., 262 ff., 409f., 439f.
– electrocatalytic reduction 197
– Grotthuss mechanism 263, 356f., 410
– protonated phosphorous 186f.
– transfer 356
– transport (see also Proton conductivity) 227,

263f., 351, 355, 358
– vehicle mechanism 263, 357
pulsed laser deposition 117

q
quasi-chemical reactions 46, 48, 55

r
radical
– cation- 373, 376f.
– ion-radical salt 367
– polyanion- 375
– polycation- 375
radius mismatch 75, 304
Raman spectroscopy 376
Randles–Ševc�ik equation 199
rate constant 6, 188
real potentiostatic constraint 150f., 155
redox
– active material 200, 366, 387
– anionic–cationic redox peak 379
– capacity 387, 391f.
– polymers 370f.
– reaction 135, 187
– stability (instability) 232f., 311
reforming 404f.
regulary distributed microelectrode

arrays 201ff.
relaxation 6, 376
Ruddlesden–Popper series 319, 321f.

s
SAED (selected-ared electron diffraction) 306
SAXS (small angle X-ray scattering) 96f.
SIMS (secondary ion mass

spectrometry) 104, 118
Schottky, defects, see inherent defects
Schrödinger equation 242
SECM (scanning electrochemical

microscopy) 376
Seebeck
– coefficient 66f., 69f.
– effect 88
selectivity

– nonequilibrium electrochemical
sensors 457ff.

– semiconducting sensors 86f.
– transport 2SEM (scanning electron

microscopy) 159, 200, 289f., 343
semiconductor 2, 69, 84
– p-conjugated molecular organic 365, 367
– inorganic 385
– metal oxide 86
– non-degenerated 67
– resistance 86f.
sensors
– amperometric 435ff.
– ammonia 89
– applications 462ff.
– COx 86f., 444, 446ff.
– combustion 462f.
– conductometric chemical 1
– current-based (see also

Amperometric) 459ff.
– electrochemical 6f., 427ff.
– flammable gases, semiconducting 86ff.
– gas 86ff.
– high-temperature 427
– hydrocarbon 86f., 452, 454
– hydrogen 86f., 444, 465ff.
– hydrogen sulphide (H2S) 86f.
– impedancemetric 435f., 461, 466
– materials 86ff., 437ff.
– mixed potential 452ff.
– molten alloys 465ff.
– molten metal 464f., 467
– multiple-electrode sensor array 458
– nanocomposite-type 89
– nanoionics 86ff.
– NOx 86f., 447, 450, 452ff.
– output 445ff.
– oxygen 75, 116, 416f., 419, 438, 463ff.
– potentiometric equilibrium 428ff.
– potentiometric nonequilibrium 431ff.
– reproducibility 88
– resistance 428, 435
– response time 86f., 427, 454f.
– selectivity 86f., 457ff.
– semiconducting 86ff.
– sensitivity 86f., 446, 448f., 453
– SOx 448f., 451ff.
– solid electrolyte 427ff.
– tin oxide-based 87f.
– TiO2 88
SEOS (solid electrolyte oxygen

separation) 398, 414
SEOS–oxygen generator 415
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shear modulus 110
SIMS (secondary ion mass spectroscopy)

104
site occupation, crystallographic (see also

Vacancy concentration) 238
solid-state electrochemical reactions

179ff.
solid electrolyte (see also Electrolyte) 1ff., 66,

70ff., 232, 301ff., 398ff., 428ff., 437ff.
solubility product equation 83
solution-state electrochemical reactions

202f.
solvent 374f.
space charge
– effect 112f., 118
– overlap 11
– width 83
space-charge layer 82, 84f., 113f.
– Frenkel–Lehovec 83
– model 113f.
spin-flip dynamics 144
SSZ (scandia stabilized zirconia) 308
STM (scanning tunneling microscopy) 376
stoichiometric
– coefficient 5, 46
– compounds 51, 58, 228f.
– defects, see inherent defects
– ordered ionic conductors 229
– ratio 46

– vacancy concentration 303f.
stoichiometry 2, 5, 229ff., 400
– cation 314
– change 400
– crystal 47, 51
– non- 51ff., 238, 305f., 318ff.
– oxides 6
strain
– elastic 75
– lattice 305f.
– rate 108f.
– uniaxial 58
sublattice 3, 10, 20ff., 71f., 138f., 317, 324,
– cation 30, 47, 73ff., 239, 313f.,
– anion 20ff., 28, 47, 73
– metal 52, 54
– mobile 73, 239
– molten 2, 20, 72
– oxygen 52, 54, 302, 305, 307
– rigid 239
substitution 3, 54, 59, 73, 297, 303ff.
sulfates 30
sulfonation 348f.
superionic conductors 15ff.
– AgI (silver iodide) 20, 72f., 228

– Bi2O3-based 29
– copper 21f.
– fluoride-based 24f.
– perovskite-type 32f., 73
– pyrochlore 30f.
– rotator phases 30
– silver 15ff.
– spinel-based 31f., 90f., 138ff.
superionic transition fallacy 229
superionic transition temperature
– Ag-conducting materials 20, 22, 72f.
– fluorite-structured materials 25, 27
– high-temperature 73
surface adsorption 87, 187
– electroactive microparticles 187ff.
surface area
– electrode 159
– grain 87ff.
surface
– catalyst 88
– charge 11
– charge diffusion 187
– chemistry 80
– confined process 187
– coverage 197ff.
– coverage profiles 188, 190, 193
– diffusion 85, 104
– disordered 111
– electrode 160, 180ff.
– external 83
– insulating 84
– internal 83, 378
– iso- 242f.
– segregation 284
– space-charge 82
– texture 82, 85

t
Taylor expression 5
TEM (transmission electron microscopy)
– HR (high resolution) 98f., 115
– particle size determination 96ff.
temperature
– coefficients 384f.
– gradient 62, 66f.
– melting 2
– operating 335, 337, 354f., 398, 408, 423,

427, 434, 451, 464
thermal
– disorder 2
– energy 3
– equilibrium 144
– excitation 3
– expansion 232f., 316, 409f.
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– shock 464
– stress 405, 411
thermal expansion coefficient (TEC) 57f.,

318, 409
– linear 57f.
– perovskite 318, 321
– solids 57f.
– volumetric 57f.
thermodiffusion 60
thermodynamic
– equilibrium 5, 47ff., 55, 62, 82
– forces 5, 59
– linear non-equilibrium 5, 59
– nonlinear 60
– stability 321f.
thermoelectric
– coefficients 60
– power (see also Seebeck coefficient) 384f.
thermomechanical properties 321
thermovoltage (see also Seebeck

coefficient) 66f.
thick film 89, 340, 342
– conductivity pf polymeric 373f.
– crystallinity 373
– nanocrystalline 88f.
– PA (polyacetylene) 365, 373f.
– porous 342, 352
– PP (polypyrrole) 366
thin film 84f., 89, 113f., 374, 379f.
– CdO 89
– deposition technologies 413
– ECP 376, 379
– epitaxial 113f., 117
– growth 377
– heterostructured 113
– micromorphological changes 379f.
– nanocrystalline 88f.
– polymeric 374, 376
– porosity 376
– porous 88
– thickness 118
– tin oxide 87f.
titanates 89
tolerance factor 32, 322
transition metal
– cations 59, 75, 316
– chalcogenides 134f.
– oxides 90, 133f., 138, 142, 149, 318
transference number, see Transport number
translation 44
transport
– energy 67
– number (transference number) 7, 63, 67,

409, 437ff.

– selectivity 2
tracer
– diffusion 103f., 119
– exchange 6
– radiolabel tracer measurement 118
trapping
– electron 48, 400
– mechanism 150
– site 55, 163f.

u
unit cell 55, 235, 237, 312
UO2 27

v
vacancy 3, 9, 29, 34, 44, 46, 48
– activity 65
– anion 26, 28, 47, 74, 76, 83
– cation 47, 83, 286
– concentration 303ff.
– formation 48, 58f., 65, 75
– diffusion 82f.
– interaction 74
– ionization 48
– metal 53f.
– oxygen 9, 29, 34, 53ff., 302ff.
volatilization 316, 325
voltammetric
– sizing 200, 211
– stripping 204f., 212ff.
voltammetry
– ASV (anodic stripping voltammetry)

204ff.
– CSV (cathodic stripping voltammetry)

206
– dissolution of microparticles 202ff.
– single microparticles 209f.
– square-wave 218
– VIM (voltammetry of immobilized

microparticles) 179, 182
Voltammogram (see also Current-potential

relationship and Current-voltage responces)
– cyclic (CV) 185ff.
– linear sweep 197, 200f., 203f.
– rate-independent 201
– transient 199
Voronoi
– diagram 239
– polyhedra 240f.
– radical planes 240
– VT (Voronoi tessellation) 239f., 246

w
Wagner�s law 61
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x
XANES (X-ray absorption near edge

structure) 91
– defect cluster configuration 306
– particle size determination 100
XAS (X-ray absorption spectroscopy) 90
XRD (X-ray diffraction) 15f., 245f.
– b/b00-alumina 283
– copper superionic conductors 22f.
– fluorite-based superionic conductors 27f.
– particle size determination 96ff.

– pyrochlore-type superionic conductors 31
– silver superionic conductors 20f.
– thermal expansion 58

y
YSZ (yttria-stabilized zirconia) 28, 55, 74f.,

305, 307ff.

z
Zeeman levels 105
Zener pinning 95, 120
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