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ab initio methods, 77
Absorption, 412

center, 412, 413, 421
excited state (ESA), 422–427
ground state (GSA), 422–428

Acceptor: see Dopant
Activator, 413
Aggregation: see Point defect aggregation
Alkali metals, 462
Allotrope, 448
Alumina: also see Aluminium oxide,

corundum, 240
Alums, 447
b-alumina, 270–278, 421, 439

composition range, 270, 273
correlated diffusion in, 275, 276
crystal structure, 272, 273
defects in, 272–274
ionic conductivity in, 274–276
silver analogue, 273
unit cell, 270

b00-alumina, 271
batteries, 276–278
crystal structure, 271, 273
defects in, 274
as an electrolyte, 276
ionic conductivity in, 274–276
unit cell, 271

b0 00-alumina, 271
b0000-alumina, 271
Alloy

interstitial, 147
substitutional, 140

Aluminium oxide:
also see Corundum, 122

g-aluminium oxide, 147

Aluminium oxynitride, 122
Amethyst, 434
Anatase, 149
Anode, 54, 251, 265, 287, 289, 378
Anti-Beevers-Ross (aBR) site, 271, 421
Antiferroelectric material, 118, 492
Antiferrromagnetic material, 116, 374,

403, 410–411
Antiphase boundary, 97, 107, 114–116

in copper, 97, 114
in cubic close-packed metal

crystals, 114
in a hexagonal close-packed

array, 114
in magnesium, 114

Antisite defect, 21, 28–31, 40, 77, 143
equilibrium population, 64–65
formation via Frenkel defects, 33

Anti-Stokes fluorescence, 413
Arrhenius behaviour, 258
Arrhenius equation, 231, 235
Arrhenius plot, 231, 236, 259, 263, 275

enthalpy of formation of point defects
from, 237, 238

enthalpy of migation from, 237,
238, 259

extrinsic region, 237, 239
impurity region, 237, 239
intrinsic region, 237, 239
knee in, 237, 239, 263

Atomistic simulation, 67, 70–76,
78, 353

Attempt frequency, 234, 256
Aurivillius phase, 179,182–184, 368
Austenite, 147
Azurite, 419
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Band
bending, 124
conduction, 8, 416, 462
energy, 461
gap, 416, 461

thermal, 462
optical, 462

valence, 9, 416, 462
Band theory, 461–465

comparison with hopping conduction,
306–307

definition of major types of electrical
materials, 461–463

point defects in terms of, 463–464
transition metal oxides in terms of,

464–463
Barium titanate, 114, 126, 127, 128, 130
Battery, 54, 251, 252, 265, 266, 288

lithium iodide, 54–56, 78
sodium–sulphur, 276–278
ZEBRA, 276–278

Beevers–Ross (BR) site, 271, 273,
274, 421

Beevers–Ross type (BR-type) site, 271,
274

Beryl, 420
Bismuth oxide, 125
Bivariant system, 314
Bleaching, 63
Bloch wall, 118
Block structures, 187–189
Blue John, 434
Boltzmann

equation, 47
law, 69, 415, 429

Boron nitride, 97
Boundary

grain: see Grain boundary
twin: see Twin boundary
internal, 107

Bound magnetic polaron, 404–405
Bridging oxygen, 271, 272
Bronzes: see Tungsten bronzes
Brouwer diagram, 320–344, 345,

387–389
assumptions, 320
for Ba2In2O5, 338–339
for Cr2O3, 336–338
defect equilibria for MX, 321–322

for doped systems, 358–363
construction, 358
trends, 360–363

effects of temperature, 339–320
for electronic defects in MX, 329–336
for ionic defects in MX, 322–329
polynomial form, 340–344

for electronic defects in MX, 343–344
for ionic defects in MX, 340–343

Brownmillerite structure, 190, 255, 297,
318

Buckingham
equation, 73
potential, 72

Bulk properties, 12–17
Burgers

circuit, 85, 87, 90, 92
vector, 84, 85, 90, 93, 94, 96, 97,

104, 105

CMR, 407–408, 442
CR, 425–427
CRT display, 413
Cadmium chloride structure, 456
Cadmium hydroxide structure, 455
Cadmium iodide structure, 104, 106, 455
Cadmium oxide, 35–36
Calcia, 36
Calcia-stabilised zirconia: see Zirconia
Calcium fluoride: see Fluorite
Calcium oxide: see Calcia
Calcium tungstate, 430
Capacitance, 263–265
Car mirror, 439
Cathode, 54, 251, 265, 287, 289,

380, 381
Cathode ray tube (CRT) display, 413
Cell: see fuel cell

Galvanic, 265, 289
potential, 265

and Gibbs energy, 265
voltage, 267, 387

Chaikin–Beni equation, 470
Charge

effective, 21–25
Charge reservoir, 367, 369
Chemical twinning

in the PbS-Bi2S3 system, 177
in lead-bismuth sulphosalts, 177
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Chesterite, 171
Chimney-ladder structure, 193
Chromium oxide

doped with TiO2, 352–353
Clay, 107
Cleavage, 121
Cobaltites, 407–409
Cobalt oxide, 145
Cole–Cole plot, 265
Colossal magnetoresistance (CMR),

407–408, 442
Color

due to impurity defects, 418–420
of gemstones, 417, 419, 420, 442
of glasses, 417–418, 419, 442
of lanthanides, 417–418
of pigments, 417–418, 420
of minerals, 417–418
of transition metal ions, 417–418

Color center: also see F center,
432–438

in alkali metal halides, 432–433
in amythyst, 434
in CaF2, 434
complex, 434
electron centers, 434
hole centers, 434
laser, 436–437
in smoky quartz, 434
surface, 435

Column oxygen, 271
Compensation, 352, 353

choice of mechanism, 297, 298,
391–392

electronic, 7, 297, 298
ionic, 7, 297
self-, 7
structural, 7

Composite crystals, 184
Composite structures, 170, 184
Composition

and equilibrium partial pressure,
309–315

and phase diagrams, 137–140
plane, 110
variation, 135–140, 143

Compound
isomorphous, 448
isostructural, 448

stoichiometric, 25, 137
nonstoichiometric, 25, 137

Concentration profile, 484–485
Conduction: see Conductivity
Conduction plane, 271
Conductivity

activation energy for, 258
of anion-deficient oxides, 298–299
of BaIn2O5, 318–320
of cation-deficient oxides, 299–301
and defect concentrations, 261–263,

301–307,
effect of O2 pressure upon, 315–320,

353
electrical, 252
electronic, 297
hopping, 302, 304, 357, 379, 381

and defects, 304–305
compared to band theory, 306–307

and impurities, 262
and intrinsic defects, 262–263, 297
ionic, 251–255, 304

enhancement of, 278–280
and ionic model, 303–307
of metal-excess phases, 298–299
mixed electronic/ionic, 300, 378–385
mixed proton/electronic, 385–391

representation by Brouwer diagram,
387–389

representation by charge carrier map,
389–391

of oxygen-excess phases, 299–301
and polarisation, 304
random-walk mechanism, 255–259
and self-diffusion, 259–261
total, 301, 387
variation with composition, 304–305

Conductor
electronic/ionic, 378–385
fast ion, 252
Hþ ion, 285–287
metallic, 363
mixed, 300, 378–391, 393–394
proton, 285–287, 385–391
proton/electronic, 385–391
super-ionic, 252

Copper, 94, 101
structure, 94, 95, 96, 231, 453

Copper halides, 62–64
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Copper sulphate, 419
Concentration profile, 208
Cooperative luminescence, 413
Coordination defect, 160–161
Correlation factor, 227–231, 235, 236, 261

for interstitial diffusion, 229
for interstitialcy diffusion, 229,

230, 231
for vacancy diffusion, 228, 231
values, 231

Correlated diffusion, 275–276
Corrosion reactions, 241–243
Corundum, 11, 97, 101, 103, 142, 224,

419, 429
Corundum structure, 226, 231, 233, 454
Coulometric titration, 284–285
Cross relaxation (CR), 425–427
Cross-slip, 91
Crystal

atom positions in, 452
directions in, 451–452
growth and screw dislocations, 91–93
isomorphous, 448
isostructural, 448
lattice, 447
planes in, 448
system, 448
unit cell, 447

Crystal field splitting, 417, 420, 440,
441, 492–494

of Cr3þ 3d-orbitals, 11, 429–430
of Cu2þ 3d-orbitals, 419

Crystal structure, 447, 452
body-centered cubic, 453
diamond, 7, 453
cadmium chloride, 456
cadmium hydroxide, 455
cadmium iodide, 455
copper, 94, 453
corundum, 454
face-centered cubic, 453
fluorite, 455
graphite, 453
halite, 454
magnesium, 453
molybdenite, 456
potassium nickel fluoride, 460
rhenium trioxide, 457
rock salt, 454
rutile, 455

sodium chloride, 453
sphalerite, 454
spinel, 458–460

inverse, 459–460
mixed, 459–460
normal, 459–460

strontium titanate, 457
tungsten, 453
wurtzite, 454
zinc blende, 454

Crystal system, 448
cubic (isometric), 448
tetragonal, 448
orthorhombic, 448
monoclinic, 448
triclinic, 448
hexagonal, 448
rhombohedral, 448

Crystallographic shear, 171–176, 179
formation via dislocation loop, 173
operation, 171
f102g planes, 171–174
f103g planes, 174–175
f104g planes, 175
f001g planes, 175
in reduced tungsten trioxide, 171–176
vector, 171
wavy, 175

Cubic close packing, 94–95, 101
Cuboctahedral cluster, 156–157
Cuprate superconductors, 367–378
Cuprous halides, 62–64, 268
Curie law, 400, 491
Curie temperature, 118, 127, 128, 130,

491, 492
Curie–Weiss law, 400, 492

Decoration: see Dislocation decoration
Defect: Also see Antisite defect, Point defect,

Dislocation, Antiphase boundary, Twin
boundary, Interstitial, Vacancy

amphoteric, 23
cluster, 128, 221, 223
charges on, 21–25, 40
chemistry, 31
coordination, 160, 161
effective charge on, 21–25, 40
electronic, 2, 4–7, 278, 358

creation and elimination of, 321, 337,
340, 358
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energy, computation, 66–77
extended, 107
extrinsic, 6, 84
formation energy, 75–76, 148, 262
formation equations, 31–38
impurity, 417
induced, 4
intergrowth, 375
intrinsic, 45, 49, 65–66, 77
linear, 167–169
magnetic, 399–406

in semiconductors, 403–406
native, 4
neutral, 23
planar, 1, 107
stacking, 375
structural, 2
in superconductors, 373–378
volume, 1, 128–129
Wadsley, 187

Defect clusters: see Point defect clusters
Defect interactions, 68–69
Defect populations and partial pressure,

315–320
Density, 14–15

and point defect type, 14–15, 353
of wüstite, �FeO, 14–15

Density functional theory, 67, 77
local density approximation

(LDA), 77
Depletion layer, 125
Diamond, 448

boron impurities in, 416, 417
coloration, 416–417
crystal structure, 8
nitrogen impurities in, 417
nitrogen–vacancy (N–V) center in,

437–438
Diamond structure, 231, 233, 453
Diffusion, 205

activation energy of, 231
ambipolar, 241–243
in amorphous solids, 245
anisotropic, 207
and point defects, 236–240, 246
in semiconductor superlattices, 209
bulk, 207, 208, 209
chemical, 241
correlated, 275, 276
couple, 208

distance, 216
dislocation, 243–244
effect of temperature on,

231–236, 246
in glassy solids, 245
grain boundary, 244
interstitial, 101, 217, 226
interstitial-like, 241
intrinsic

temperature variation, 236–240
and Frenkel defects, 238
and Schottky defects, 238

isotropic, 207
lattice, 207
length, 216
mechanism: see Diffusion mechanism
non-steady state, 476–478
pipe, 207
and point defect concentration, 227
in potential gradient, 255–257
profile, 208
random walk analysis, 213–216,

478–483
self-

in silicon, 209, 217
in semiconductor superlattice, 209

short-circuit, 207, 208, 209
substitutional-like, 241
tracer, 207–208
volume, 207, 208, 241

Diffusion coefficient, 205, 260
chemical, 241
and ionic conductivity, 259–261
effective, 243, 244
evaluation, 210–212
interdiffusion, 241
self-, 209
tracer, 207
determination by Gruzin

method, 212
determination by residual activity, 212
numerical values of, 233
temperature variation, 231–236

Diffusion equation, 205, 476
Einstein, 213, 488
Einstein–Smoluchowski, 213
solutions of, 211, 212, 476–478

Diffusion mechanism, 212, 216–227
divacancy, 221, 223
direct, 217
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Diffusion mechanism (Continued )
exchange, 219
and impurities, 240–241
indirect, 217
interstitial, 217
interstitialcy, 217–219, 261

collinear, 219, 220
non-colinear, 219, 220

in RbBiF4, 219, 220
kick-out, 220
random walk, 213–216, 232
ring, 219
substitutional-like, 245
vacancy, 216–217, 237, 261

Diffusion path, 217, 221–226
Dion–Jacobson phases, 179,

182–184
Dipole

magnetic, 116, 130
electric, 118

Direction in a crystal, 451–452
Dislocation, 1, 83–107, 129–130

climb, 102–103
charge, 105
and crystal growth, 91–93
decoration, 85, 103, 106, 107
density, 99
edge, 85–90, 129

in sodium chloride, 105
energy, 84
Frank partial, 99
glide, 87, 88
glissile, 101
imperfect, 97
jog, 102–103
line, 83, 99
loop, 83, 93–94, 99–101, 114

formation, 99–101
Frank sessile, 101
prismatic, 101

mixed, 93–94
movement, 87, 88, 91, 94

in copper, 94–97, 101
multiplication, 99
in non-metallic crystals, 103–107
partial, 94–99, 104
perfect, 94–99
Shockley partial, 97
screw, 85, 90–93, 129

unit, 94–99
as a vacancy source or sink, 103, 106
width, 85

Disordered cation compounds, 268–270
Distribution

Gaussian, 214, 215, 484
normal, 214, 215, 484

statistics of, 484–485
Divacancy, 66
Domain, 107, 116–119

boundary, 116, 402
in iron, 118

ferroelectric, 114, 118
magnetic, 116, 117, 130
wall, 18, 117, 118
Weiss, 116, 402

Donor, see Dopant
Dopant

acceptor, 9, 351, 353–355, 363–365,
392–393, 416, 463

effect upon stoichiometry, 354
aliovalent, 7, 278, 351
altervalent, 7
co-dopant, 424
donor, 8, 127, 351, 352–353, 365, 366,

392–393, 416, 463
effect upon stoichiometry, 352

impurity, 127, 351–355
Doping: see Dopant
Down-conversion, 421

ESA, 422–427
ET, 422–427
Effective charge, 21–25

on defects, 22–25, 40
symbols for, 21

Electrochemical cell, 265
Electrochemical pump, 284
Elastic modulus, 17
Electrochromic

car mirrors, 439
devices, 439
films, 438–440
materials, 438–440

Electrolyte, 54, 78, 251, 252, 265,
287, 289

LiI as, 54, 78
proton conducting, 286, 440
solid, 252
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Electron excess center, 433–434
in SrAl2O4, 434

Electron hole: see Hole
Electron, 21, 304, 399, 462, 466
Electroneutrality, 322, 337, 338, 341,

359–360
Electronic conductivity

comparison of band and hopping theories
for, 306–307

dependence upon composition,
304–305, 315–320

dependence on oxygen partial pressure,
315–320, 345

effect of temperature upon,
306–307

by hopping mechanism, 303–307
Electronic properties

and composition variation, 315–320,
344,

Embedded cluster calculations, 77
Emerald, 420
Emission,

of radiation, 412, 428–429
spectrum, 418
spontaneous, 428
stimulated, 428, 429

Energy
activation, 231, 258
attractive, 71–72
bands, 416, 461
barrier, 232, 234, 245, 256–257
electrostatic, of ionic crystal, 71
repulsive, 71–72
short range, 71

Energy level, 413–415
of acceptor defects, 416, 464
deep, 416, 432, 464
of defects, 416, 463–465
of donor defects, 416, 464
shallow, 416, 44
relative population, 69, 415, 429
in solids, 416–417

Energy transfer (ET), 422–427
Enstatite, 170
Enthalpy,

of Frenkel defects, 57–58, 474–475
of self-interstitials, 51–52
and Seebeck coefficient, 466–467
of Schottky defects, 53–54, 470, 472

of vacancies, 45–50, 473
of vacancy pair, 69

Entropy
configurational

of Frenkel defects, 57–58, 474–475
and Seebeck coefficient, 468–470
of self-interstitials, 51–52
of Schottky defects, 53–54, 470–472
of vacancies, 45–50, 473
of vacancy pair, 69

vibrational, 47, 469
Etch figure, 85
Excited state absorption (ESA), 422–427
Exciton, 463
Exhaustion range, 463
Extrinsic region, 239

FS/RH (perfect crystal) convention,
85, 90

F center, 10–11, 432–433
absorption spectrum, 432
structure, 432, 433
in alkali metal halides, 10–11,

432–433
in CaF2, 434
colors, 433
electron excess, 432, 434
metal excess, 433

Fþ center 435
FLi center, 436
FLi(II) center, 437
Fs
þ center, 435

Fs
þ(OH2) center, 435

Fayalite, 142
Faraday’s law of electrolysis, 284
Fast ion conductor, 252, 253
Feldspar, 142
Fermi energy, 462
Fermi level, 123, 124, 462, 463
Fermi surface, 462
Ferrimagnetic material, 116, 402,

410, 492
Ferrites, 142, 405–406

magnetic defects in, 405–406
Ferroelastic material, 119
Ferroelectric material, 118
Ferroic material, 116–119
Ferromagnetic material, 116–118, 402,

403, 410, 491
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Ferromagnetism, 491
Fick’s laws of diffusion

first law, 205, 476, 487
and random walk analysis, 485–488
second law, 205, 476, 488

Film
photographic, 58–62
electochromic, 438–440

Fluorescence, 412, 414
anti-Stokes, 413
from (N–V) centers, 438

Fluorescent lamp, 413, 420
trichromatic, 421

Fluorite, 434
Fluorite structure, 21, 152, 153, 231,

233, 455
anion-deficient, 157–161
anion-excess, 152–157, 193–194
oxides

oxygen diffusion in, 280
structure, 280

Force constant, 74
Forsterite, 142
Fracture

intergranular, 122
transcrystalline, 122
transgranular, 122

Frank partial dislocation, 99
Frank–Read source, 99
Frank sessile dislocation, 101
Free energy: see Gibbs energy
Frequency upconversion, 413
Frenkel defect, 27–28, 40, 77, 219, 221,

222, 263, 270, 318, 474–475
configurational entropy, 57–58,

474–475
creation and elimination, 270, 338
definition, 27
enthalpy, 57–58, 474–475
equilibrium population, 56–58, 475

Fuel cell, 265, 266, 290
anode materials, 287, 378
cathode materials, 287, 380, 387
electrolyte materials, 287
solid oxide, 287–288, 290

GSA, 422–427
Galena, 177
Gallium arsenide, 143–145

Galvanic cell, 265
Garnets, 411

magnetic, 411
magnetic bubble memories in, 412

Gaussian distribution, 214, 215, 484
Gemstones, 417
Germanium, 7–10
Geometrical factor, 235, 236, 257, 258
Gibbs energy

of Frenkel defects, 57–58, 474–475
measurement using calcia-stabilised

zirconia electrolyte,
281–282

of oxides, 281–282, 331
of self-interstitials, 51–52
of Schottky defects, 53–54, 470, 472
and Seebeck coefficient, 466
of system containing Ag, O and Ag2O,

309
of vacancies, 45–50, 473,

Glass, 418–419, 421, 430, 442
photochromic, 62–64

Glass ceramic, 129
Glide, 87, 88, 94, 103, 104, 105
Grain, 120

photographic, 58
Grain boundary, 120, 124

low-angle, 108–110
low-angle tilt, 109
low-angle twist, 109
small-angle, 108

Graphite, 97, 165, 165, 448
crystal structure, 453

Ground state, 10–12, 414–415, 422

HUP, 440
Halite: see Sodium chloride
Hartree–Fock equations, 77
Haven ratio, 260
Heikes equation, 19, 469, 470

extended, 470
Hexagonal close packing, 104
Hexagonal tungsten bronzes, 162–164
Heyrovskyite, 177
High-spin state, 406, 493–494
Hole, 3, 9, 22, 304, 354, 355, 359, 361,

362, 364, 462, 466
Hole-excess center, 433–434

in SrAl2O4, 434
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Hollandite, 164
Hooke’s law, 17, 74
Homologous series

WnO3n21, 174
WnO3n22, 174
browmnmillerite related, 190
of superconductors, 370, 371

Hume–Rothery solubility rules, 141
Hydrated nickel oxide, 440
Hydride, interstitial, 147
Hydrogen storage, 147
Hydrogen uranyl phosphate, 440
Hysteresis loop, 119

ITO, 439
Image, latent, 59–61
Impedance, 263

of a ceramic, 264–265
complex plane representation

of, 265
measurement, 263–265
plot, 264–265
spectroscopy, 265

Impurity: also see Dopant, 5,
351–355

acceptor, 7, 351, 353–355
aliovalent, 7, 351
defect, 417
donor, 7, 351, 352–353
neutral, 357
in oxides, 352
in silicon, 7–10
substitutional, 6, 11
effect of on electronic properties,

355–358, 363–367
notation for, 24

Impurity region, 237, 239, 262
Incommensurate intergrowth

structures, 184
Incommensurate structures, 185
Indium tin oxide, 439
Inductance, 263–264
Infinitely adaptive compound, 193
Insulator, 297, 461, 462

antiferromagnetic, 234, 235
Interaction energy, 68–72
Interatomic potential, 70
Intercalation, 165–167
Interdiffusion coefficient, 241

Interface
electronic properties, 122–124
external, 120–122
internal, 107–108

Intergrowth phases, 170, 365
Interpolation, 161–165
Interstitial, 4, 5, 6, 21, 24, 27–28,

33, 38, 40, 50–52, 56–58, 100,
101, 102, 145–147, 192, 278,
298, 299, 315, 352, 354

aggregation, 114
equilibrium population in a monatomic

crystal, 50–52
self-, 4, 40

Intrinsic region, 237, 239, 262
Intrinsic semiconductor, 462–463
Iodine, 54
Ionic conductivity: also see Conductivity

enhancement of, 278–280
and defects, 261–263
random-walk model, 255–261
and self-diffusion
in solids, 251–255

Iron, 218
Iron monoxide: see Wüstite
g-iron oxide, 148

Jahn–Teller effect, 145, 304
Jimthompsonite, 171
Jump

frequency, 234
probability, 234
rate, 257

Kröger–Vink notation, 20–25
in reaction equations, 31–38
summary, 24

Kröger–Vink diagram: see Brouwer
diagram

Landé g-factor, 490
Lanthanide colors, 417–418
Lanthanum cobaltite, 19–20, 309,

382–383, 406–407
Lanthanum cuprate, 145–147,

363–365
Lanthanum manganite, 287, 407–409

colossal magnetoresistance
in, 407
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Laser
color center, 436–437
continuous operation, 432
four-level, 430, 431
neodymium, 430–432
pulsed operation, 430
ruby, 429–430
solid state, 428–432
three-level, 429, 430
type II, 437

Lattice parameter, 13–14
and composition, 13–14, 137
variation, 13–14, 137

Layer structures, 165–167
Lead fluoride, 268
Lead sulphide, 177
Ligand field splitting, 11, 418
Light

absorption, 412–413, 415
emission, 412–413, 415
scattering, 412–413

Lillianite, 177
Line phase, 137
Lithium doped nickel oxide: see Nickel

oxide
Lithium iodide, 54–56, 78

doped with Ca2þ, 55, 56
Lithium nickelate, 381
Lithium oxide, 354
Lodestone, 405
Low-spin state, 406, 493–494
Luminescence, 413, 414

cooperative, 413

mO site, 271, 273, 274
MR ratio, 407, 442
Magnesium structure, 231, 453
Magnesium oxide, 137, 142

composition range, 137–140
Magnetic

bubble memory, 412
defect, 399–402

extended, 409–412
in ferrites, 405–406
in semiconductors, 403–405
in wüstite, 409, 430

dipole, 399, 489
contributions to, 399, 490

domain wall, 118

ferrites, 405–406
materials, 490–492
moment, 399

of actinides, 400, 490
of closed-shell atoms, 399, 490
of closed-shell ions, 399, 490
of lanthanides, 400, 490
orbital, 399, 400, 490,
spin only, 400, 490
total, 490
of transition metals, 400, 490

polaron, 404
Magnetic properties, 399
Magnetism

atomic, 399–402, 489–490
photoinduced, 440–441

Magnetite, 150, 405
Magnetoresistance, 407–408, 442
Magnetoresitive (MR) ratio, 407, 442
Malachite, 419
Manganese–oxygen system, 311, 312
Manganites, 406–409
Maxwell-Boltzmann statistics, 232
Metal, definition, 461–462
Metal–insulator transition, 147, 364, 366,

367, 407
Mica, 107, 170
Microdomain, 191

in fluorite structure, 191
in La2CuO4þd, 192

Mid-oxygen (mO) site, 271, 273, 274
Miller indices, 448–451
Miller–Bravais indices, 451
Mineral, 417
Misfit-layer compounds, 184–187
Mn–O system, 311, 312
Mobility, 257, 260
Modular structures, 170–189, 190, 198
Modulated structures, 192–197

commensurate, 193, 197
incommensurate, 193, 197, 198
fluorite-related, 193–194
U3O8-related, 195–196
SrxTiS3-related, 196–197

Modulation
displacive, 192
compositional, 193
in superconductors, 375, 376
wave, 193
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Molten sub-lattice, 269
Molybdenite structure, 456
Molybdenum trioxide, 176
Monte Carlo method, 66, 67
Molecular dynamics, 67

(N–V) center, 437–438
NTC thermistor, 127, 355–358
Néel temperature, 492
Negative temperature coefficient thermistor,

127, 355–358
Nernst–Einstein equation, 260
Nernst equation, 268, 283, 386
Nernst field, 241–243
Neodymium cuprate, 365–366
Nickel arsenide structure, 165
Nickel bromide, 104
Nickel ferrite, 405–406
Nickel-zinc ferrite, 405–406
Nickel oxide, 33–35, 142, 297, 302, 465

acceptor doping, 354–355, 356
conductivity, 355
hydrated, 440
lithium doped, 352, 354–355

Niobium, 147
Niobium pentoxide, 187

block structures, 187–189
nitrogen–vacancy (N–V) center,

437–438
Nonstoichiometric compound, 25, 137,

144, 147
bivariant behaviour of, 190

Nonstoichiometric phase: see
Nonstoichiometric compound

Nonstoichiometry
and point defect populations, 143–149
and electronic defects

metal excess phases, 298
oxygen excess phases, 299

and impurity atoms, 132
and linear defects, 167–169

Normal distribution, 214, 215, 484
Nyquist plot, 265

Olivine, 142
Opal glass, 129, 412
Optical properties, 122
Optical pumping, 430, 431
Oxidation, 321, 337, 338, 340, 359

Oxide
equilibrium oxygen partial pressure over,

309–312
metal excess, 298–299, 315–317
nonstoichiometric, 282
oxygen excess, 299–301, 317–318
superconducting, 364, 365–366,

367–378
Oxygen pressure

and defect populations, 315–320
equilibrium, 309–315
measurement of, 282–284
partial pressure of over Ag/Ag2O,

309–310
partial pressure of over metal/metal

oxide system, 309–312
over a nonstoichiometric oxide, 282,

312–315
Oxygen pump, 284–285
Oxygen sensor, 282–284, 285, 289

P2VP, 54
PCT thermistor, 126–128, 130
p-type semiconductor: see Semiconductor
Pair potential, 70
Paraelectric state, 118
Paramagnetic

solid, 400, 403, 490–491
susceptibility, 400, 491

Partial pressure
and defect populations, 315–320
equilibrium over an oxide, 309–312
over Mn-O system, 311, 312
variation of with composition, 312–315

Penetration depth, 214, 215
Penetration profile, 208
Pentagonal column phases, 167–169
Perovskite, 162
Perovskites

A-site substitution, 382–383
acceptor doping, 381–385, 407
B-site substitution, 384–385
cubic, 190
oxygen deficient, 190, 279
slabs, 179–184
structures, 37–38, 255, 279, 286, 406,

421, 457
layered, 179–184, 367–373
superconductors, 367–378
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Perovskite tungsten bronzes: see Tungsten
bronzes

Phase, 135
line, 137
photochromic, 63

Phase diagram, 135, 137
and composition, 137–140
MgO–Al2O3, 138
NaF–ZnF2, 135, 136
Lu2O3–TiO2, 137, 138

Phase rule, 312–315
for nonstoichiometric oxide, 314

Phlogopite, 170
Phosphor, 413, 434
Phosphorescence, 413
Photochromic

glasses, 62–64
phase, 63

Photoconductivity, 298, 300
Photographic

emulsion, 58, 59
latent image, 59–61
process, 58–62

Photography, 58
silver halides in, 58–62

Photoinduced magnetism, 440–441
Photoluminescence, 420–429
Photoluminescent materials, 420
Pigment, 417, 420
Pinning center, 99
Point defect: also see Defect, Interstitial,

Vacancy, 1, 4–7, 40
aggregation, 149–161, 278, 437
assimilation, 190–192, 408
in band-theory terms, 463–464
clusters, 149, 150, 191, 109, 410

2:2:2, 153, 154
4:1, 150, 151
6:2, 150, 151
7:2, 150, 151
8:3, 150, 151
16:4, 150, 151
cuboctahedral, 156, 157
in FeO, 150–152, 409, 410
notation, 20–21
square antiprismatic, 156, 157
in UO2þx, 152–155
vacancy-hydroxyl, 149
Willis, 153, 154

combinations, 38–39
and diffusion, 27
energy computation, 66–77
equilibrium, 4, 45–49, 50–52, 56–57,

63, 64–65
extrinsic, 6, 84
formation energy, 66, 70, 75–76
induced, 4
interactions, 68–69
interstitial: see Interstitial
intrinsic, 45, 49, 65–66, 77
in MgO–Al2O3, 127–140
magnetic, 409–410
migration energy, 66
ordering, 216, 190–192, 278, 375
in pure materials, 38–39
structural consequences, 39
substitutional, definition, 5, 6, 7
vacancy: see Vacancy

Polarisability
electronic, 72
free ion, 74

Polaron, 304
bound magnetic, 404

Polycrystalline solids
optical properties of, 122
semitransparent, 122
transparent, 122

Polyhedron: see Space-filling polyhedron
Polymorph, 448
Polysomatic phases, 170
Polysynthetic twinned phases, 170
Poly-2-vinyl pyridine (P2VP), 54
Population inversion, 429, 430
Positive hole: see Hole
Positive temperature coefficient thermistor,

126–128, 130
Potassium chloride, 106
Potassium nickel fluoride

structure, 460
Potential

barrier, 256–257
between pairs of atoms, 67
Buckingham, 72
electrochemical, 468
interatomic, 67

Precipitate, 128
in glass, 128

Precipitation hardening, 129
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Profile
concentration, 206
diffusion, 206
penetration, 206

Proton hopping mechanism, 287
Prussian blue, 440
Pump

electrochemical, 284
optical, 430
oxygen, 284

Pyrochlore structure, 28, 137, 142,
149, 255

Pyroxene, 170

Quantum mechanical calculations, 67,
76–77

Quartz, 434

Random walk, 67, 213–216, 232,
255–261, 478–483

Reaction equations, 31–38
Reactance, 263
Reduction, 322, 337, 338, 341, 359
Resistance, 263–266
Reutschi defect, 149
Rhenium trioxide structure, 457
Rhombic dodecahedron, 222, 225
Rock salt see Sodium chloride
Roth–Reidinger defect, 274
Ruby, 11–12, 419, 429

absorption spectrum, 12
3d-electron energy levels in, 11–12,

429–430
laser, 429–430

Ruby spinel, 142
Ruddleston-Popper phases, 179, 182
Rutile, 101, 176, 225, 226
Rutile structure, 225, 226, 233, 455

SOFC, 17, 287–288, 290, 378
Scattering, 412
Scattering center, 412, 413
Schottky barrier, 122, 123, 125, 126, 128,

130
Schottky defect, 25–27, 40, 77, 221, 222,

262, 263
and configurational entropy, 470–472
creation and elimination, 321, 337,

340, 358

definition, 26
equilibrium population, 52–54, 78, 472
enthalpy of formation, 53, 470
in LiI, 54, 55
in NaCl-type crystals, 52–54

Schrödinger equation, 67, 76, 77
Scintillator, 413
Seebeck coefficient, 18–20, 465–470

and defect population, 18–19,
468–470

and defect type, 18
Drude model, 465
in LaCoO3, 19–20
and entropy, 465–467
variation of with stoichiometry,

307–309
Seebeck voltage, 18
Self-diffusion: see Diffusion
Self-interstitial: see Interstitial
Semiconductor

definition, 462
compensated, 463
degenerate, 463
diluted magnetic, 403–406
exhaustion range, 463
extrinsic, 463
intrinsic, 352, 462
n-type, 8, 35, 125, 127, 298, 299, 303,

351, 352, 463, 465
p-type, 9, 34, 300, 351, 352, 354, 357,

385, 463, 465
Semiconductor superlattice, diffusion in,

209
Semimetal, 463
Sensitisor, 413
Sensor, 252, 282–284, 285
Shell model, 72–75
Shockley partial dislocation, 97
SiAlON, 122
Silica, 233, 240
Silicon, 103, 217, 219

dopants in, 7–10
self-interstitial, 38, 217

Silicon carbide, 66
Silver b-alumina, 273
Silver chloride, 103, 107
Silver halides

in photography, 58–62
in photochromic glass, 62–64
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a-silver iodide, 269
crystal structure, 269
high conductivity of, 269
high-temperature form, 269
low-temperature polymorph of, 269

b-silver iodide, 269
g-silver iodide, 269
Silver oxide, 309–310
Silver-oxygen system, 309–310, 313
Silver sulphide, 268
Simulation, atomistic, 70–76
Site

tetrahedral, 224
octahedral, 224

Site conservation rule, 31–32, 36
Slip, 87, 107

in copper, 94–99
direction, 94
line, 88
plane, 87, 94, 105

Smart windows, 438
Smoky quartz, 434
Soda glass, 233
Soda-lime glass, 233
Sodium aluminium oxide, 270
Sodium chloride, 25, 101, 105, 106

structure, 30, 223, 225, 231, 233, 240,
262, 454

surface, 120
Sodium–nickel chloride (ZEBRA) cell,

276, 277
Sodium polysulphide, 277
Sodium-sulphur cell, 277–278
Solid

polycrystalline, 120
Solid oxide fuel cell (SOFC), 17, 287–288,

290, 378
Solid solution, 13, 140–143, 198

between Al2O3 and Cr2O3, 142, 198
between CaO and MgO, 142
between NiO and MgO, 141, 142
partial, 141
between perovskite oxides, 143
between pyrochlore oxides, 142
between spinels, 142, 405–406
substitutional, 140–143

“Sony” cell, 165, 381
Space-filling polyhedron,

222–226

Spectrum
absorption, 417, 418, 419
emission, 418

Sphalerite structure, 223, 225, 233
Spin-allowed transition, 429
Spin crossover, 440
Spin multiplicity, 429

in (N–V) centers, 438
Spin pairing, 494
Spin state, 406–409, 439

high, 406, 493–494
intermediate, 406, 407
low, 406, 407, 493–494

Spinel, 28, 111, 142, 150, 356,
405–406, 458–460

defect, 148–149
inverse, 406, 420, 459–460
magnetic, 405–406,
mixed, 357, 459–460
normal, 148, 366, 406, 459–460
structure, 458–460

Spinel block, 270, 271
Spinodal decomposition, 192
Spintronics, 403, 441
Square antiprismatic cluster, 156–157
Stabilised zirconia: see zirconia
Stacking fault

in copper, 101, 114
in cadmium chloride, 104,
deformation, 114

Stirling’s approximation, 48, 468, 471,
473–475

Steel, 147
Stoichiometric compound, 25, 39, 45,

135, 137
Stoichiometric phase: see Stoichiometric

compound
Stoichiometric solid; see Stoichiometric

compound
Strontium titanate, 297

structure, 457
Strontium titanium sulphides,

196–197
Structure: see Crystal structure
Sublattice, 5

anion, 25
cation, 25

Substitution, 5, 6, 7
aliovalent, 23, 351
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Superconductor, 147, 364, 366, 411
antiferromagnetic, 374
charge reservoir, 367, 369
crystal structures, 367–370, 373
cuprate, 367–378
defect structures, 373–378
electron, 366
high temperature, 367–378
hole, 364
hole doping, 370–373, 411
homologous series, 370, 371
perovskite-structure related, 367–370
phase diagram, 374, 375
transition temperature, 364, 366

Super-ionic conductor, 352
Surface, 412

electronic properties, 122–124
external, 120–122
internal, 107–116, 412
structure, 120

System
bivariant, 314
lead sulphide–bismuth sulphide

(PbS–Bi2S3), 177, 180
lutetium oxide–titanium dioxide

(Lu2O3–TiO2), 137, 138
magnesium oxide–aluminium oxide

(MgO–Al2O3), 137, 138
magnesium oxide–calcium oxide

(MgO–CaO), 142
magnesium oxide–nickel oxide

(MgO–NiO), 142
manganese–oxygen (Mn–O), 311, 312
silver–oxygen (Ag–O), 309–310
sodium fluoride–zinc fluoride

(NaF–ZnF2), 135–137
tantanlum pentoxide–tungsten trioxide

(Ta2O5–WO3), 195–196
univariant, 313
yttrium oxyfluoride–yttrium fluoride

(YOF-YF3), 193–194

T structure, 363
T/O structure, 363
T0 structure, 365
Tetragonal tungsten bronze structure,

162–164
Tetramethyl ammonium silver

iodide, 269

Thermistor, 355–358
bead, 355, 356
constant, 358
n-type, 356
negative temperature coefficient,

355–358
NCT, 355–358, 393,
p-type, 356
positive temperature coefficient,

126–128, 130
PCT, 126–128, 130

defect structure, 126–128
dopant in, 127, 128
point defects in, 127

resistance, 358, 393
temperature coefficient of

resistance, 358
Thermoelectric properties, 18
Tin disulphide, 104
Titanium dioxide, 26, 453, 465

rutile form, 453
Titanium sulphides, 144, 165
Tracer diffusion coefficient, 207–208
Tracer species, 207–208
Transition

interband, 416, 464
non-magnetic to magnetic,

440–441
non-radiative, 412, 429
phonon assisted, 412, 429
spin-allowed, 420

Transition metal
ions, 492–494

colors, 417–420
oxides in terms of band theory, 461,

464–465
Transport number, 253–255, 302,

390–391
determination using a solid state

electrolyte, 386–387
of halides, 254, 255
of oxides, 255
of sulphides, 255

Trapping center: see Color center
Tridymite, 434
Tropochemical cell-twinned

phases, 170
Tungsten, 217
Tungsten structure, 231, 453
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Tungsten bronzes, 162–164, 438
color of, 438
cubic, 162, 438
hexagonal, 162, 163
hydrogen, 439
lithium, 162
tetragonal, 162, 163, 167
sodium, 162
perovskite, 162, 438

Tungsten trioxide, 171–176, 438–439
Tweed microstructure, 192
Twin

boundary, 110–114
growth, 111
mechanical, 112

in V2O5, 112
plane, 110, 176
polysynthetic, 110
reflection, 110
transformation, 114

Twinning
and composition variation, 176–179
chemical: see Chemical twinning
in PbS-Bi2S3 sulphosalts,

177–179, 180
in superconductors, 375, 377–378
in YBa2Cu3O7, 377–378
f101g planes in rutile, 110, 177

Unit cell, 13–14, 447
cubic (isometric), 448
tetragonal, 448
orthorhombic, 448
monoclinic, 448
triclinic, 448
hexagonal, 448
rhombohedral, 448

Unit cell parameters: see Lattice
parameters

Univariant system, 313
Up-conversion, 413, 415, 421–428

in CeO2, 422–427
efficiency, 421, 427–428
energy, 422
intensity of output, 422
two-frequency, 428

Uranium dioxide, 14, 152–155
hyperstoichiometric, 14,

152–155

Vacancy, 4, 5, 21, 40, 99–101, 145,
278, 298, 299, 316, 361, 362, 363,
364, 408

anion, 25, 26, 278, 298, 352
creation and elimination of, 358
definition of, 4
cation, 25, 26, 299, 302, 352
equilibrium population in a monatomic

crystal, 45–50
notation, 4, 5, 20–21, 24
ordered, 160, 190–192

Vacancy diffusion, 216–217, 237, 261
Vacancy pair, 21, 66

diffusion of, 221, 223, 275–276
Valence induction, 351, 366
Valence band, 9, 416, 462
Vanadium, 403
Vanadium pentoxide, 112, 113
van der Waals attraction, 72
Variance, 312
Varistor, 124–126

microstructure, 125
Vegard’s law, 13–14
Vernier structures, 193

fluorite related, 193–194
Vibration frequency, 256
Vibrational entropy, 47, 469
Volume, 16–17
Volume defect, 1, 3, 128–129

Wadsley defect, 187
Weiss domain, 116, 402
Willis 2:2:2 cluster, 153
Wurtzite structure, 225, 226, 454
Wüstite

antiferromagnetic structure, 409, 410,
composition range, 14–15, 150
experimental and theoretical

densities of, 14–15
magnetic defect clusters, 409, 410
point defects in, 14–15
point defect clusters in, 150–152,

409

X-ray diffraction, 135

Young’s modulus, 17
Yttria-stabilised zirconia:

see Zirconia
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Yttrium aluminium garnet, 430
Yttrium barium copper oxide

(YBa2Cu3O6þx), 371, 372–373,
374–377, 378

ZEBRA cell, 276, 277
Zinc blende structure, 223, 225, 454
Zinc oxide, 124, 149, 303

defect structure, 147–148

luminescence of thin films, 417
Zinc selenide, 25
Zirconia, 157

calcia-stabilised, 17, 36–37,
159, 255, 278, 280–285,
287, 289

yttria-stabilised, 17, 159, 280,
287, 289

Zirconium dioxide: see Zirconia
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