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111 superconductors 522 Angell plot 640
1111 superconductors 522 angular momentum quantum numbers in one-electron
122 superconductors 522 atom 358
123 superconductors, see YBa,Cu3;07_5 anion conductors 539
214 superconductors 512 anion polarizabilities 629
8—N rule 17 anode 529
antibonding molecular orbital 170
A3Cgp superconductors 501 antiferroelectric 319
(NH3)4Na,CsCg 503 antiferromagnet 356
Cs3Cg9 504 antiferromagnetic ordering 373
K3Cgp 501 antiferromagnetism 472
Rb3Cg 501 anti-Frenkel intrinsic defect pair, see Figure 3.1
a-Bi,O5 553 anti-perovskite 539
acceptor doping 62, 93, 416 antiphase boundary 72
acceptor ionization energy 419 anti-Schottky intrinsic defect pair, see Figure 3.1
acceptors 416, 419 Arrhenius equation 111
accessible surface area 582 asymmetric unit 12
accessible volume 582 attenuation (in glass fibers) 631
acid salts (MHXOy) 547 Aurivillius structure 554
activator 268, 274, 279 autoclave 585
additivity rule 310 auxetic materials 604
aerogel 601 Avogadro constant in SI 672
Ags[Co(CN)g] 603 axial glide plane, see glide plane, axial
AgsSI 539
Agl 536 B-BaB,0, 340, 342
air separation 595 B-(ET),X 508
aliovalent doping 416 Ba;_ K ,BiO; 510
aliovalent substitution 62 Ba,-,V,Oq 5., 553
alizarin (C14H804) 265 BazInzoS 554
allochromatic 245 BaBiO; 509
alloy superconductors 487 BaCe;_ Y, O34 548
alloy 55 BaCeO; 548
alpha cage 582 bad metal 520
ALPO materials 596 BaFe,As, 521
alternative battery anodes 570 ballistic conduction 645
aluminosilicates 579 ballistic transport 447
aluminum 398, 409, 410, 411-412 band (of crystal orbitals) 207
ambipolar diffusion 108 band emitters 274, 277
ammonia borane (BH;NHj;) 57 band gap 213, 214, 262-264
Anderson localization 645, 647 band insulator 434
Anderson-Eggleton equation 630 band width 501
Anderson-Eggleton refractive index 630 band-structure diagram 207, 208
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bandwidth 207, 221, 431
BanlfxBiXOj, 510
BaPbO; (barium lead oxide) 509
bar magnet 349
barium bismuth oxide, see BaBiO3
barium lead oxide, see BaPbO;
barium titanate, see BaTiO;
basic building units (BBUs) 583
basis set 202, 210, 226
BaTiO; 139, 314-318, 321, 326
BaZrl_,\,YXO,;_x/z 548
Bardeen—-Cooper—Schrieffer theory 495, 505
BCS theory, see Bardeen—Cooper—Schrieffer theory
Bechgaard salt 445, 506
[TMTSF],X (Bechgaard salt) 507
Bednorz and Miiller 511
Beer’s law 255
Beevers—Ross sites 540
beta cage 581
Bethe lattice 623-624
BH;NH3, see ammonia borane
BiZSrZCa,,_ 1 Cu,,Oz,,+4 516
Bi,WOg 554
BiyV,0q; 554
bicuvox 555
bimevox 554
binary phase diagram 123
binodal networks (N, M-connected nets) 30
binomial distribution 104
bipolaron 440
birefringent crystals 332, 334
bismuth oxide, see Bi,O3
bismuth 228, 397
Bloch function 202, 203, 208, 220, 226
Bloch walls 378
block copolymers 598
Bohr magneton 352
Boltzmann constant in ST 672
bond graph 15
bond order 173
bonding molecular orbital 170
bond-valence method 192
bond valence 662
parameter, single-bond length, R;° 662
Born—Haber cycle 158, 159
Born—Mayer equation 157, 158
Bose-Einstein condensate 496
boson peak 643
boundary surfaces 164, 168
Bravais lattices 5, 7
non-standard settings 6
standard settings 7
Brillouin function 370, 668
Brouwer diagrams 92
brownmillerite (Ca,FeAlOs) 554

Index 675

buckminsterfullerene, see Cgg
buffer pO, 97

bulk diffusion 101

Burns temperature 320

Cgo superconductors 500
Cego 500
Ca,FeAlOs, see brownmillerite
CaFeO; 462
calcination 587
CaMnOs; 465
carbenium ions 590
carbon nanotubes
chiral angle 449
circumferential vector 448
multi-walled carbon nanotubes (MWCNT) 447,
451
single-walled carbon nanotubes (SWCNT) 447-451
translational vector 448
CaSi Zintl phase 48
cathode materials 563
cathode 529
cation conductors 536, 538
cation polarizabilities 629
ccp, see cubic closest packing
cell potential 530
centered Bravais lattices 6
centering 6
centroid shift 277-279, 294
cermet 555
charge compensation 62
charge-density wave 506
charge disproportionation 462
charge order 459, 510
charge-transfer excitation 234, 256, 257, 258
ligand-to-metal charge transfer (LMCT) 258, 259, 273,
275, 281
metal-to-ligand charge transfer (MLCT) 258
metal-to-metal charge transfer (MMCT) 259, 261
charge-transfer salts 443-445
chemical refractivity 630
chemical sensors 531
chemical strengthening of glasses 626
chemical-diffusion coefficient 100
chemisorption 56
child structure 149
chimie douce 558
chiral molecules 611
chiral zeolites 587
CIF (crystallographic information file) 13
Clausius—Mossotti equation 305, 309, 327
Clebsch—-Gordon series 250
closest packing, hexagonal-, cubic- 19
cloverite 596
coercive field (electrical), Ecoercive 316

© in this web service Cambridge University Press

www.cambridge.org



www.cambridge.org/9780521873253
www.cambridge.org

Cambridge University Press
978-0-521-87325-3 — Solid State Materials Chemistry

Patrick M. Woodward , Pavel Karen , John S. O. Evans , Thomas Vogt

Index
More Information

676

Index

coercive field (magnetic), H¢; 379
coercivity, see coercive field
color 244-245
color center 58
F center 58
M center 58
R center 58
color rendering index (CRI) 292, 293
color temperature 291
colossal contraction 603
colossal magnetoresistance 470
compositional control 470
variance effect, of ionic radii 471
commensurately modulated structure 79
component 120, 121
composite building units or CBUs 583
compound semiconductor 261-264
concentration gradient electrodes 567
concentration quenching 284
conductance 457
conducting polymers 289, 438-441, 572
conduction bands 213
conductivity 213, 397, 398, 401, 409, 421
configuration, structural 620
configurational coordinate model 270
configurational coordinates 637
configurational entropy 58
congruent melting 126
conjugated 7 bonding 181, 339, 437, 438, 441, 445
conjugated 7 network, see conjugated 7 bonding
conjugated 7 system, see conjugated 7 bonding
continuous phase transition 137, 141
continuous random networks 622
conventional superconductors 492
converse piezoelectric effect 321
conversion reactions 570
Cooper pair 494
cooperative Jahn-Teller distortion 461, 465
coordination polyhedra 32
coordination polymers 605
coordination sequence 583
coordinations 34
copper 397, 398, 409
core-shell electrodes 566
correlation diagram 252, 253-255
coulomb integral 171
coulombic potential energy 154-155, 156, 157
cracking 590, 593
critical current 491, 498
critical exponent 143
critical field 490
critical micelle concentration (CMC) 597
critical phase matching 333
critical point 122
critical pressure 122

critical temperature 122, 135, 487
cross-relaxation 284
crystal classes 5
crystal momentum 207, 407
crystal orbitals 202, 205-207, 219, 226
crystal systems 5, 655
crystal-chemical formula 14
balance of bond valence 15
balance of connectivity 15
balance of electroneutrality 15
crystal-field theory 247, 279
crystallographic databases 13
crystallographic point groups 5, 655
Hermann-Maugin and Schonflies symbols 655
crystallographic shear 74
crystal structure figures
a perovskite, cubic (+data) (Figure 1.49) 40
Agl (Figure 13.7) 538
Al,O5 corundum (+data) (Figure 1.30) 26
Ba,In,O5 (Figure 13.19) 554
BaMnO; (+data) (Figure 1.54) 44
BaZnF, cis-layers (Figure 1.44) 36
Bi,WOg (Figure 13.19) 554
Bil; (+data) (Figure 1.29) 26
CaBg (+data) (Figure 1.40) 32
CaC, (Figure 1.18) 18
CaF, (fluorite) (+data) (Figure 1.31) 27
CaSi, (Figure 1.36) 29
CaTe (+data) (Figure 1.40) 32
CdCl, (+data) (Figure 1.29) 26
Cdl;, (+data) (Figure 1.29) 26
CdSb (Figure 1.18) 18
Cu (+data) (Figure 1.21) 20
Cu,0 (+data) (Figure 1.42) 33
diamond (+data) (Figure 1.37) 30
diamond (Figure 1.16) 17
GaSe (Figure 1.17) 18
Heusler alloys, full-, half- (+data) (Figure 1.34) 28

HgBa,Ca,—Cu,O,,+, superconductors (Figure 12.18)

517
iodine, I, (Figure 1.16) 17
IrF4 network (Figure 1.44) 36
iron, alpha (+data) (Figure 1.23) 21
iron-pnictide superconductors (Figure 12.23) 521
La,CuO, (Figure 12.15) 513
LaFeOj; (+data) (Figure 1.52) 43
LaNiOj; (+data) (Figure 1.52) 43
lanthanum, alpha (+data) (Figure 1.22) 21
LiFePO, (Figure 13.29) 569
LiNbO; (Figure 8.22) 338
lonsdaleite (+data) (Figure 1.37) 30
metallic elements (Figure 1.24) 22
Mg (+data) (Figure 1.21) 20
Mg,Al,Si30,, garnet (+data) (Figure 1.48) 40
MgAl,O, spinel (+data) (Figure 1.47) 39
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NaCl (+data) (Figure 1.26) 24
Nd,CuO, (Figure 12.19) 518
NiAs (+data) (Figure 1.13) 13
NiAs (+data) (Figure 1.26) 24
phosphorus, white (Figure 1.16) 17
polonium, alpha (+data) (Figure 1.23) 21
(SHS)1_17NbS2 (Figure 214) 79
ReO; (Figure 1.39) 32
SiO, cristobalite, beta (Figure 1.39) 32
SiO, tridymite, beta (Figure 1.39) 32
SmCos (+data) (Figure 1.46) 38
SnCl, (Figure 1.17) 18
SnF, trans-layers (Figure 1.44) 36
sodalite (+data) (Figure 1.57) 47
sodium f-alumina (Figure 13.9) 541
SrSi, (Figure 1.36) 29
tellurium (Figure 1.16) 17
TiF, triple chains (Figure 1.44) 36
TiO, anatase (+data) (Figure 1.45) 36
TiO, brookite (+data) (Figure 1.45) 36
TiO, rutile (+data) (Figure 1.45) 36
Ys0sF; (Figure 2.16) 81
YBa,Cu30;_s (Figure 3.6 and 12.16) 98, 514
YBaFe,Os (Figure 11.3) 460
YCl; (+data) (Figure 1.29) 26
zeolites A and X (Figure 14.2) 582
Zn40(0,CCgH4CO»); (a MOF structure) (Figure 1.41)
33

ZnS sphalerite (+data) (Figure 1.32) 27
ZnS wurtzite (+data) (Figure 1.32) 27

CsCl-type structure 31

CsHSO, 547

cubic closest packing (ccp) 19

cubic stabilized zirconia CSZ 552

cuprate charge reservoir 518

cuprate superconductors 511

Curie constant, C 368

Curie law 368

Curie temperature (electrical) 314, 319

Curie temperature (magnetic) Tc 356, 377

Curie-Weiss law 369

current density 396

Czochralski method 342

databases in crystallography, see crystallographic
databases

Daumas Herold staging 557

5-Bi,03 553

de Broglie relation 410

Deborah number 636

Debye frequency 494, 497

Debye model 308

decay time 268

defect concentration 59

defect equilibria 88, 515

Index 677

defect equilibria, behind oxygen nonstoichiometry
(redox) 89
defect ordering, see defect clustering
defect thermodynamics 58
degrees of freedom 120, 122
densest packing of spheres, cubic, see cubic closest
packing
densest packing of spheres, hexagonal, see hexagonal
closest packing
density of states 209, 223, 405, 497, 503, 564, 646,
647
Dexter electron transfer 283, 284
diagonal glide plane, see glide plane, diagonal
diamagnet 353
diamagnetic correction 671
Pascal’s constants 671
diamagnetic materials 356
diamagnetism 367
Landau diamagnetism 367
Lenz’s law of induction 367
perfect diamagnet 367, 490
diamond 228-230, 303, 306
diamond glide plane, see glide plane, diamond
Dieke diagrams 275
dielectric loss 308, 312
differential scanning calorimetry (DSC) 138
diffusion 99
diffusion coefficient 100
diffusionless transition 71
diffusivity 100, 106
diffusivity and redox equilibria of defects 111
diffusivity due to point defects, temperature dependence
111
dimensionless susceptibility, see magnetic susceptibility,
dimensionless
Dirac cones, see Dirac points
Dirac points 446, 451
direct-gap semiconductor 214, 263, 287
directions in the lattice 3
discharge rate 568
discontinuous phase transition 137, 144
disorder-induced metal-to-insulator transition 645
displacive phase transition 135
distortion theorem 191, 327
domain boundary, see twin boundary
domain formation 378
domain structure 377
domains (ferroelectric) 315, 320, 338
donor doping 62, 94, 416
donor ionization energy 417, 420
donors 416, 419
doping 416, 419, 439
Doppler effect, in Mossbauer spectroscopy 463
double exchange 382
double glide plane, see glide plane, double
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double perovskites 73, 273
down-conversion photoluminescence 268, 291
drift velocity 400
Drude equation 630
Drude model 398-401, 403, 407, 409
drying agents 595
zeolite 3A 595
zeolite 4A 595
zeolite 5A 595
dye 245, 265

easy axes 378

edge dislocation 66

effective mass 403, 406, 407

effective moment, pq 361

effective nuclear charge 166, 175, 260

Ehrenfest classification 136

electric displacement 304

electric solenoid 350

electric susceptibility 303, 332, 628

electrical conductivity (o;) due to charged defect 107

electric-field intensity 396

electrochemical capacitors 571

electrochemical cells 529

electrochemical characterization 568

electrochemical potential 562

electrode 529

electrolyte 529

electrolyte domain 552

electrolyte stability window 562

electromagnetic radiation 243

electron mobility 401, 406

electron—electron interactions 172, 186, 249, 429, 434

electroneutrality condition 90

electron—hole pair 290, 426

electronic conductors 396

electron—phonon coupling 270, 271, 272, 286

electron—phonon interaction, see electron—phonon
coupling

electron-spin g factor 358

electron-transport layer 289

elemental semiconductors 230-231, 263

elemental superconductors 487

elementary charge in SI 672

enantiomeric excess 612

enantiomers 611

enantioselective sorption 612

enantioselective synthesis 610, 611

enantioselectivity 600

energy landscape, see potential energy surface

energy product, of ferromagnets, see maximum energy
product

energy transfer 281-283, 284, 292

energy, potential of the magnetic moment 355

enhanced Pauli paramagnetism 383

ergodic system 636

Euler strut 137

eutectic point 124

excess free energy, entropy, enthalpy 143, 146
exciton 290

extended defect 66

extraordinary beam 332

extrinsic defects 61

extrinsic ionic conductivity 534

faradaic supercapacitors 571
fast ion conductors 536
faujasite 582
Fe,_,0 77
FePt 73, 139
Fermi energy 210, 497, 503
Fermi level, see Fermi energy
Fermi velocity 409, 410, 447
Fermi-Dirac distribution function 404, 415
ferrimagnetic materials 356
ferrimagnetism 385
ferroelectric ferromagnets 388
ferroelectric 313, 314, 314-319, 327, 330
ferroelectric perovskite 139
ferromagnetic materials 356
half-metals 381
insulators 381
metals 381
ferromagnetism 377
ferromagnets of spin-polarized bands 381
FeSe, see iron selenide
FeTiO;, see ilmenite
Fick’s first law 100
Fick’s second law 100
filling holes 22
first Brillouin zone 204, 216, 217, 219
first-order Jahn—Teller distortion 189, 280
first-order phase transition 136, 144
fluid catalytic cracking FCC 593
fluorescence 268
flux 100, 125
Forster resonant-energy transfer (FRET) 282
fractional coordinates 2
fragility index 640
fragility strength 640
framework density 580
Franck-Condon principle 271
free energy, interfacial, see interfacial free energy
free volume 622, 639
free-electron model 402-403, 405, 407, 412, 446
freeze-out regime 420
Frenkel defects 58, 60, 533, 539
Frenkel intrinsic defect pair, see Figure 3.1
Frohlich interaction 493
frontier orbitals 180, 328
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frustration, in cooperative magnetism 387

fuel cells 532

fullerene superconductors, see Cgo superconductors
fundamental SI constants 672

gallium nitride (GaN) 288, 314
galvanic cells 529
garnet 39
gate dielectric 427
Gaussian error function (erf) 113
gel 585, 601
gemstone 245, 256
generalized 8—N rule 17
geometric frustration 648
germanium 230, 397, 418, 422
Gibbs phase rule, see phase rule
Gibbs-energy barrier for migration 104, 111
Gibbs-Thomson effect 634
Gladstone-Dale relationship 630
glass forming range 635
glass transition 634
glass transition temperature 544
glasses

covalent 620

random-packed 620
glass-forming temperature 621, 635
Glazer tilt (classification) 41
glide plane 9

axial 9

diagonal 10

diamond 10

double glide 10
Goldschmidt tolerance factor 40, 44
graph 622
graphene 221-223, 266, 445-447, 448, 450
graphite intercalation chemistry 556
Gruneisen parameter 604

H,S superconductor, see hydride superconductor
half-metallic CrO, 476
half-metallicity
by Andreev reflection 475
by positron annihilation 475
by spin-resolved photoemission 476
with spin-polarized transport 472
half-metals of itinerant electrons 480
hamiltonian operator 161
hard (ferro)magnets 379
hep, see hexagonal closest packing
heat capacity 138, 144, 146, 642
Heusler alloys 477
hexagonal closest packing (hcp) 19
hexagonal perovskites 44
HfO, 428
HgBaZCa,,, 1 Cun02,7+2 51 1, 516

Index 679

high-entropy alloys 650
highest-energy occupied molecular orbital 180, 222
high-spin (HS) configuration 187, 254, 256
high-spin state, see high-spin (HS) configuration
high-T, cuprate superconductors 223
hole doping 512, 516, 518
hole filling, see filling holes
holes 407
hole-transport layer 289
homeotypism 30, 45, 46
HOMO, see highest-energy occupied molecular orbital
hopping in electric field 106
hopping under concentration gradient 105
hopping, random 103
hopping/migration, in chemical potential gradient
105
hopping/migration, in electric potential gradient 106
hopping/migration, under driving force 104
host 268
Huang-Rhys parameter 272
Hubbard model 429-431
Hubbard U 429, 437
Hund’s rules 360, 367
Hund’s first rule 171, 251
Hund’s second rule 251
Hund’s third rule 251
hybrid porous materials 605
hydride superconductors 488
hydrogen bond 545
hydrogen fuel cell 532
hydrogen storage 56
hydrothermal synthesis 585
hyper-aged organic glasses 638
hysteresis 136, 356
hysteresis loop (ferroelectric) 316, 319
hysteresis loop (magnetic) 378, 379

identity 4
idiochromatic 245
ilmenite (FeTiO3) 192, 261
immiscibility dome 130
incipient ferroelectric 312, 327
incommensurately modulated structure 78, 79, 149
incongruent melting 126, 342
indigo (C15H9N20) 265
indirect-gap semiconductor 214, 263, 287
infinite-layer structure 517
infinitely adaptive structure 80
infrared absorption band (in glass fibers) 631
intensity of the magnetic field, H 352
interaction integral 171
intercalation compounds 555

guest species 555

host structure 555
interdiffusivity 106
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Index

interfacial free energy 634

interference term 645

internal conversion 268

internal field, Hw 379

International Tables for Crystallography 656

internal friction 644

interpenetrated network 606

interstitial 54, 534

interstitialcy mechanism 534

intersystem crossing 268, 279, 291

intrinsic defect pairs, Schottky, anti-Schottky, Frenkel,
anti-Frenkel, see Figure 3.1

intrinsic defect 55

intrinsic ionic conductivity 535

intrinsic regime 420

invariant point 122, 125

inverse opal 601

inverse spinel 38

inversion center 4

Toffe-Regel condition 645

ion exchange 593

ion-exchange isotherms 594

ionic conductivity 533

ionic conductors 396

ionic radii 193, 194

ionic-radii variance effect, see variance effect

iron monoxide (wistite), see Fe;—,O

iron platinum, see FePt

iron selenide 521

iron pnictide superconductors 521

isomerization 590

isoreticular 608

isotope effect 493, 503, 511

isovalent substitution 61

itinerant ferromagnetism 382

1TQ-33 584

Jagodzinski-Wyckoff notation 19

Jahn-Teller distortion, see first-order Jahn—Teller
distortion

Jahn-Teller theorem 188

Jj—j coupling 249, 275, 664

jump and thermal energy k7" 101

jump balance 103

jump directional probability, pg;. 102

jump frequency, pgv 101

jump Gibbs-energy barrier, A*G,,, 101

jump probability, pp 101

jump progression rate, Iprogression 102

jump site availability, payai 102

K,NiF, structure 512
Kamerlingh Onnes, Heike 486
Kauzmann rule 636
Kauzmann temperature 638

KDP, see KH,PO,

KGe Zintl phase 48

KH,PO,4 (KDP) 336
klassengleiche subgroup 73, 660
Koch cluster 77

Kondo effect 387

Kroger-Vink notation 65, 87
KTiOPO, (KTP) 336

KTP, see KTiOPO,4

K.C 556

La;;»,Ca;,MnOj; charge and orbital ordering 469
La;_,Ca,MnOj; phase diagram 468
La1,xerGakyngO_;,g 553

La,CuOy4 512, 513

LazMOZOg 555

La2CuO4+5 512

La,_,Sr,Cu0O, 511, 512, 513

LaGaO; 553

LaMnO; 465

LaMnQOs3. s nonstoichiometry control 466
Landau theory 140

Landé factor 363

Langevin function 370, 666

LaNis 56

LaO,_,F FeAs 521

Laporte selection rule 256

Larmor precession 363

lattice 2

lattice diffusion 101

lattice energy 156, 158

lattice metrics, see metrics of lattices

lattice modes 147

lattice parameters 2, 8

lattice planes, equidistant set 3
lattice-formation enthalpy 158

LCAQO, see linear combination of atomic orbitals
lead acid battery 531

lead fluoride, see PbF,

lever rule 124

Li(NiN()_33M1’L{)_33C0~()_33)Oz, see NMC
Li4TisOy, 570

LiB;0s5 340, 341, 342

LiBHy,, see lithium borohydride

LiCoO; (lithium cobalt oxide) 565

LiFeAs 521

LiFePO,4 569

ligand-field splitting 184, 186, 234, 247, 248, 277
ligand-field theory 247

light-emitting diodes (LEDs) 287-288, 291, 422, 426
LiNbO; 324, 338

line defect 66

line emitters 274, 284

linear combination of atomic orbitals 170, 200, 202
liquidus 124
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LISICON 543

lithium air battery 570

lithium borohydride (LiBHy) 57

lithium cobalt oxide, see LiCoO,

lithium intercalation 559

lithium-ion batteries 559, 566

lithium iron phosphate, see LiFePOy,

lithium-sulfur battery 570

lithium-TiS, battery 560, 568

LiVPOsF 570

Loewenstein’s rule 587

longitudinal mode 148

Lorenz-Lorentz relationship 629, 630

lowest-energy unoccupied occupied molecular orbital 180,

222

low-spin (LS) configuration 187

low-spin state, see low-spin (LS) configuration

luminescence 168, 267, 268
bioluminescence 267
cathodoluminescence 267
chemiluminescence 267
electroluminescence 267, 287
photoluminescence 267, 268
piezoluminescence 267
sonoluminescence 267
thermoluminescence 267, 268
triboluminescence 267

luminous efficacy 291

luminous flux 291

LUMO, see lowest-energy unoccupied occupied

molecular orbital

Mackay icosahedra 649
macroporous 579, 601
Madelung constant 155, 156
Magnéli phases 74
magnesium diboride, (MgB,) 499
magnesium hydride (MgH,) 56
magnetic (dipole) moment, x 350
magnetic constant 353
magnetic field strength, see intensity of the
magnetic field
magnetic induction, B 352
magnetic measurements 670
magnetic moment, absolute, s 358
magnetic moment, ground state 359
for actinoids, j—j coupling 360
in free d-metal atom, under Russell-Saunders coupling
scheme 360
in free f~-metal atom, under Russell-Saunders coupling
scheme 367
magnetic moment
spin-only 361
z-projection, u. 358
of 3d ions 363

Index 681

of 4f'ions 366
magnetic ordering, temperature 356
magnetic permeability, relative, u, 354
magnetic quantum number 162
magnetic structure 373, 377
magnetic susceptibility
dimensionless 354, 355
mass, ym 354
molar, y,o 354
volume, y, 353
magnetic unit cell 374
magnetic-flux density, see magnetic induction
magnetic-moment vector 351
magnetism, electron movements and their quantization 357
magnetism, unit systems in use 355
magnetite 458
magnetization of half-metals 475
magnetization, M 353
magnetizing field, see intensity of the magnetic field
magnetocrystalline energy 378
magnetoelectric multiferroics 388
magnetoresistant device 457
magnetostatic energy 378
magnetostriction 378
magnetostrictive energy 378
magnetotransport 457
manganite perovskites, contour map of ordering
isotherms 471
martensitic transformations 71
mass susceptibility, see magnetic susceptibility, mass
maximum energy product (BH)max 379
MCM-41 597
mean free path 400, 409
Meissner or Meissner—Ochsenfeld effect 490, 492
mercury superconductivity 487
mesoporous materials 46, 579, 597
mesoporous zeolites 589
mesostructured zeolites 600
metal-organic framework (MOF) 31, 605
metallic glasses 647
metallic glasses, ferromagnetic 650
metal-oxide-semiconductor field-effect transistor
(MOSFET) 426
metrics of lattices 8
MgB,, see magnesium diboride
MgH,, see magnesium hydride
micelles 597
microporous materials 46, 579
microstates 250, 275, 365
microwave resonator 311
migration/hopping, see hopping/migration
mirror plane 4
miscibility gap 569
mixed anion 80
mixed ionic and electronic conductor (MIEC) 555
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MO diagram, see molecular-orbital diagram
MO, see molecular orbital
mobility 108
mobility edge 646
mobility gap 646
MOF applications

asymmetric catalysis 611

CO,; capture and storage 609

dynamic frameworks 610

heterogeneous catalysis 610

hydrogen storage 609

physisorption 608

supported catalysis 610

water capture 609
MOF, see metal-organic framework
molar gas constant in SI 672
molar susceptibility, see magnetic susceptibility, molar
molar volume of ideal gas in SI 672
molecular magnets 389
molecular-orbital diagram 169-186, 211, 325, 328
molecular orbital 169
molecular sieves 596
molecular superconductors 505
monotectic point 130
morphotropic phase boundary (MPB) 323
Maossbauer spectroscopy 463
motif 2, 222, 225
Mott—Hubbard insulator 431, 434, 435, 436, 518
Mott-Hubbard transition 501, 502
multi-phonon emission 273
multiplexing (in glass fibers) 632
multiplicity 250

NaA111017 540

NaAlHy, see sodium aluminum hydride

NaCl conductivity 535

NAFION 544, 546

NASICON 542

NaT]l Zintl phase 47, 48

natrolite 603

Nb3Ge superconductor 487

Nd,CuO4 517

Neéel temperature, Ty 356, 372

negative thermal expansion 602

NEMCA reactor 532

Nernst equation 531, 550

Nernst-Einstein equation 107, 534

nets 606

network augmenting 31

network expansion 31, 608

network similarity (site ordering), see similarity (net-
work-based)

network-forming oxides 625

network-modifying oxides 625

networks binodal (V, M-connected nets), see binodal
networks (N, M-connected nets)

neutron diffraction on ordered magnetic moments
376
nickel-cadmium battery 531
Niggli formula 34
nitinol 71
NMC 566
nodal planes 164, 176, 182, 265, 442
node 164, 201
non-centrosymmetric crystals 313, 324, 332
noncritical phase matching 334, 341
non-ergodic system 636
non-radiative recombination 426
non-steady-state diffusion 100
non-steady-state diffusion, of point defects 112
nonstoichiometry
narrow 87
oxidative 88
reductive 88
normal spinel 38
n-type cuprate superconductors 517
n-type semiconductor 419, 422
nucleation
nucleation, heterogeneous 634
nucleation, homogeneous 634

occupiable volume 581
octahedral holes 22
fractional filling 23
full filling 23
octahedral ligand-field splitting (A), see ligand-field
splitting
octahedral tilting 41, 194, 236
olivine 569
operation of symmetry, see symmetry operations
optic axis 333
optical dielectric constant 307
optical fibers 631-633
orbital angular-momentum quantum number 162, 250
orbital ordering 461
orbital-degeneracy removal 462
by charge disproportionation 462
by electron itinerancy 462
by Jahn-Teller distortion 462
order parameter 139, 140
order, long-range 620, 642
order, short-range 620
order—disorder phase transition 135
ordinary beam 332
organic light-emitting diodes (OLEDs) 287, 289-291
organic magnets 390
organic superconductors 505
orientational disorder 136
Ostwald ripening 37
Ostwald step rule 37, 649
overlap integral 171, 173, 174-175, 177
oxidation catalyst 593

© in this web service Cambridge University Press

www.cambridge.org



www.cambridge.org/9780521873253
www.cambridge.org

Cambridge University Press

978-0-521-87325-3 — Solid State Materials Chemistry

Patrick M. Woodward , Pavel Karen , John S. O. Evans , Thomas Vogt
Index

More Information

oxide fluoride 80

oxide-ion conductors 549

oxyfluoride, see oxide fluoride

oxygen control 515

oxygen nonstoichiometry (redox defect equilibria behind
it) 89

oxygen sensor 550

oxygen, bridging 625

oxygen, non-bridging 625

oxygen-nonstoichiometry control in oxides 97

packing of spheres 19

pair distribution function 318, 620, 621, 624

pairing energy 495

pairing-s/p/d/f-wave, see s/p/d/f-wave pairing

paraelectric 314, 318, 320, 323

parallel plate capacitor 302

paramagnet 353

paramagnetic materials 356

paramagnetism 367
Curie paramagnets 368
Curie-Weiss paramagnets 368
Pauli paramagnets 368

parent structure 149

partial pressure of oxygen, pO, 91, 97

Pauli exclusion principle 162, 171

Pauli paramagnetism, enhanced 371

Pauli paramagnetism, temperature independent

371

Pb(Mg;/3Nby3)03 320

PbF; (lead fluoride) 539

PbZr,,Ti,O; (PZT) 323

Peierls’ distortion 212, 228, 439, 507

Peierls’ theorem 212

PEM 546

penetration depth 113

pentacene 266, 441-443

PEO, see polyethylene oxide

perfect conductor 490

peritectic point 126

peritectic reaction 126

permeability of free space, see magnetic constant

perovskites 40, 233-236, 320, 434-437
microwave dielectrics 312
proton conductors 548
superconductors 509

persistent phosphors 268

phase diagram 120

phase matching 332-334

phase rule 97, 120, 123

phase separation 569

phase transition thermodynamics 142

phase transition 135

phase velocity 148

phase 120

Index

phase-change materials 641
phonons 147, 149, 642
phosphor-converted light emitting diode 293-294
phosphorescence 268, 275, 280, 281, 290
phosphors 267, 268, 273, 276, 284, 292-293
photoionization 268
photon 243
photovoltaic cell 426
physisorption 56
piezoelectric effect 321
piezoelectricity 313, 321
pigment 245, 257-258, 259, 265
pinning 66
planar defects 67
Planck constant in SI 672
plastic crystals 547
p—n junction 287, 422-425, 427
built-in potential 424
depletion region 424, 425
forward bias 425
reverse bias 425
point defect 54
point defects in a pure oxide 87
point group 3
point of integer structure 92, 96, 98
point of integer structure, see Figures 3.2, 3.4, 3.5
point of integer valence 92, 96, 98
point of integer valence, see Figures 3.2, 3.4, 3.5
point-defect compensations upon oxidation and
reduction, see Figure 3.1
point-defect movements 101
point-group order 4
point-symmetry elements 4
Poisson’s ratio 604
polar axis 313, 337
polar materials 313, 314, 321
polar nanoregions (PNR) 320
polarizability 278, 304, 305, 309-311, 629
dipolar polarizability 305
electronic polarizability 305
ionic polarizability 305
polarization 160, 303, 304, 305, 314, 331, 628
polaron 440, 510
polonium 227-228
polyacetylene 212, 397, 438-441, 442
polycyclic aromatic hydrocarbons 441
polyelectrolytes 543
polyethylene oxide 544
polyhedral connectivities 34
edge sharing 35
face sharing 35
vertex sharing 34
polymer-electolyte membrane, see PEM
polymeric cation conductors 543
polymer-salt complexes 543
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Index

polymorphism of nanocrystals 37
polymorphism 68

polytypes 68

porous oxides 599

porphyrin 266

position, see special positions or general positions
potential energy surface (PES) 636, 637, 638, 641
primary batteries 531

primitive Bravais lattices 6

principal quantum number 162, 164, 418
probability density 164, 202, 645

proton conductors 545

proton-exchange membranes, see PEM

Prussian blue (Fey(Fe(CN)g);-xH,0) 257, 261, 605
pseudocapacitors 571

pseudoelasticity 72

pseudogap regime 519

p-type cuprate superconductors 516

p-type semiconductor 419, 422

pyroelectricity 313, 314, 330

PZT, see PbZr;_,Ti O3

quality factor 312

quantum efficiency 268

quantum harmonic oscillator 271
quasicrystals 649

quasi-phase matching 334, 338
quenching 621, 648

radial distribution function 164, 169
radial node 164
radiative recombination 287, 425
Ragone plot 572
Ramsdell symbol 19
random walk (electrons) 645
random walk 103
random-close packing of spheres 621
Rayleigh scattering 631
reciprocal-space lattice 204, 216, 217, 218, 219
reconstructive phase transition 135
rectification 424
redox compensation 62
refraction 627

anomalous 628

normal 628
refractive index 307, 311, 330, 332, 333, 627, 628
regioselectivity 600
relative coordinates, see fractional coordinates
relative dielectric permittivity 303, 417, 418
relaxation time 400, 409
relaxor ferroelectric 320
remanence, see remanent magnetization
remanent magnetization, Memanent 379
remanent polarization 316

ReO; 231-233, 234, 235, 397, 605
repulsive potential energy 156, 157
residual resistivity 411

resistivity 396, 645

reticular chemistry 607

RGB model 244

rhenium trioxide, see ReO3

rigid unit modes (RUMs) 602

ring 623

rocking chair battery 566

rotation axes 4

rotational axes, see rotation axes
rotational symmetry 3
rotational-symmetry elements 5
rotoinversion axis 4

rubrene (5,6,11,12-tetraphenyltetracene, CyoHyg) 443
rule of parsimony 34
Russell-Saunders coupling 249, 275

s/pld[f-wave pairing 495

SALC, see symmetry-adapted linear combinations

sapphire (ALO5:Fe**, Ti*") 260, 288

saturation moment, /g, 361

saturation polarization 316

saturation regime 420

saturation resistivity 645

Schottky defect 55, 60, 533

Schottky intrinsic defect pair, see Figure 3.1

screw axis 9

screw dislocation 66

secondary batteries 531

secondary building units (SBUs) 583

second-harmonic generation 313, 330, 332, 333, 334

second-order Jahn-Teller (SOJT) distortion 189, 280,

325-330

second-order phase transition 136

segmental motion 544

Seitz operator 9

Seitz symbol 9

selectivity 594

self diffusion 104, 106

self-activating phosphors 269, 284

semimetal 223, 446

sensitizer 268, 282, 283, 285, 292

shape-memory alloys 71

shape-selective catalysis 591
product-selective catalysis 592
reactant-selective catalysis 591
transition-state-selective catalysis 592

shear plane 74, 75

shell 162

Si:Al ratio 587

silicates, oligo-, cyclo-, catena-, phyllo-, tecto- 45

silicate nomenclature 661
branchedness 661
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multiplicity 661
dimensionality 661
periodicity 661

silicon 230, 306, 397, 415, 416, 418, 422, 424, 427
silver cobalt cyanide see Agz[Co(CN)g]

silver iodide, see Agl

silver 397, 398, 414

similarity (network-based) 30
single-molecule magnets 391
SiO, cristobalite 135

Si0, quartz 135

SiO, tryidymite 135

Si0; 121

site ordering 30, 72

diamond-sphalerite, see Figure 1.38
lonsdaleite-wurtzite, see Figure 1.38
polonium-sodium chloride, see Figure 1.38

site, see Wyckoff site

Slater—Pauling rule of localized ferromagnetism 478

slip plane 66

SmCojs structure type, see Figure 1.46

SmO;_.F FeAs 521
Sn; 17NbS;3 17 78
Snell’s law 627
sodalite cage 47, 581
sodalite 257, 581

sodium aluminum hydride (NaAlH,) 56

sodium B-alumina 540
sodium sulfur battery 541
soft magnets 379

soft mode 149

sol 601

sol-gel synthesis 600
solid acids 588, 589

solid-oxide fuel cell (SOFC) 549

solid solubility 94

solid solution 55, 63, 121, 128, 568

solid-solution limit 65

solid electrolyte interphase (SEI) 562

solidus 124
soliton 440
solvus 129
space groups 8, 656

absent or extinct Bragg reflections 658

asymmetric unit 658
coordinates 658
diagram 656
generators selected 658
multiplicity 658
non-symmorphic 8
order 659

origin placement 658
positions 658
reflection conditions 658
site symmetry 658

Index 685

subgroups and supergroups 659
subgroups, klassengleiche 660
subgroups, maximal isomorphic, of the lowest index 660
subgroups, maximal non-isomorphic 660
subgroups, proper 659
subgroups, translationengleiche 660
subgroups’ dilution index 660
supergroups, minimal non-isomorphic 660
symmetry elements, graphical symbols 656
symmetry operations 658
symmorphic 8
Wyckoff letter 658

space-group symbols 11
standard 11, 12

spectroscopic term, see term symbol

speed of light in vacuum in SI 672

sphere packing, see packing of spheres

spin-density wave 506

spin flip, in antiferromagnet 373

spin glass 357, 387

spin glass, reentrant 388

spin polarization, P 458

spin quantum number 162, 250

spin selection rule 256

spin valve 457

spinel 38

spin-only moment, strong-field limit 362

spin-only moment, weak-field limit 362

spin—orbit coupling 249, 291, 359
strong-field limit 363
weak-field limit 362

spin-pairing energy 186, 375

spintronics 457

spontaneous magnetization 377

SQUID magnetometer 670

SI‘O'ILaO.gAlO3 553

Sr 4K.6BiO3 511

Sr0,73Cu02 80

SrFeO; 462

SrGa, Zintl phase 48

SrTiO; 147, 149, 194, 233, 236, 303, 312, 325, 326, 327,

434

stacking faults 67, 68

stacking sequence 19

staging 557
stage-1 and stage-2 557

standard atmosphere in SI 672

standard-state pressure in SI 672

static dielectric constant 307

steady-state diffusion 100

Stokes shift 270, 271, 272, 277, 280

strain 140

strongly correlated materials 429, 520

structure directing agent 587

structures of metals 22
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stuffed silica 580

subshell 162, 167, 168, 274, 360

substitutional disorder 55, 61, 136

supercapacitors 571

supercell 31

superconducting dome 504

superconducting gap 493, 496, 497

superconducting levitation 492

superconducting transition 498

superconductivity 486

supercooled state 122

supercooling 634

supercritical fluid 122

superelasticity 72

superexchange 374

superferromagnets 384

superionic conductors see fast ion conductors

superstructure 31

supported catalysts 599

surface structure (versus bulk structure) 22, 37

switching field 316

symmetry breaking, see symmetry lowering

symmetry elements rotational, see rotational-symmetry
elements

symmetry elements translational, see Bravais lattices

symmetry forbidden 175, 189, 226

symmetry lowering 137, 138

symmetry operations 3

symmetry-adapted linear combinations 178-179, 183,
184, 202

system 120

Tanabe-Sugano diagram 281
temperature coefficient of resonant frequency 312
tempering of glasses 626
template molecules 586, 587
tension effect 602
term symbol 250, 252
ternary phase diagram 131
tessellation (in 3D space) 648
tetracyanoquinodimethane (TCNQ) 444
tetrahedral holes 22

fractional filling, see Figure 1.5

full filling, see Figure 1.5
tetrathiofulvalene (TTF) 444
thermal conductivity 642
thermal expansion 602
thermal quenching temperature 273
thermal quenching 272-274, 277
thermal stimulation of luminescence, see

thermoluminescence

thermal vibration 101
ThrCr,Si, structure 522
tight-binding methods 202
tiling 583

time-independent Schrodinger equation 161, 402

TiO, 75, 76

TiS, 559

titanium disulfide, see TiS,
TlBaZCa,,_ICu,,Ozn+3 516
TlBaQCan,I Cu,102n+4 516
TMTTF 508

top seeded solution growth 342
topology of glasses 622

total angular-momentum quantum number 251

total external reflection 628
total internal reflection 627, 628, 631
transference number (¢,) of a point defect 107
transition temperature 135
translational symmetry 2
translationengleiche subgroup 70, 660
transport half-metallicity 475
transverse mode 147
triangle rule 132
tricritical transition 147
triple point 122
TS-1 593, 600
TTF[Ni(dmit),], 509
TTF-TCNQ 444, 506
tungsten trioxide, see WO;
tunneling magnetoresistance 472
between two separated epitaxial films 473
in a powder compact 473
turbostratic disorder 68
twinning 68
deformation twins 69
growth twins 69
transformation twins 70
twin boundary 69
twin categories 69
twin component 68
twin domain 68
twin law 68
twin variants 70
two-level tunneling model 643
type-1 superconductor 490
type-11 superconductor 491

ultrastable zeolite Y 588

unconventional superconductors 492
under- and over-doping 519

uninodal network 28

unit cell 2

unit conversions in magnetism 355, 356
unit-cell parameters 2

universal low temperature states 639, 642
up-conversion photoluminescence 268, 285
upper consolute temperature 130
Urbach tails 646

UV tail (in glass fibers) 631
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vacancy clustering 58, 66, 77
vacancy trapping 552
vacancy 54
vacuum permeability, see magnetic constant
valence bands 213
valence mixing, preservation of degeneracy 461
valence-mixed state 459
valence-sum rule 191, 192
van der Waals forces 159, 447, 559
vanadium disulfide, see VS,
variance, see degrees of freedom
VECAx (valence-electron count per atom A) 17
Vegard’s law 63

positive deviation 64

negative deviation 64
vertex augmenting, see vertex decoration
vertex decoration 31
vertex symbol 28, 583
Verwey transition 459
vibration (thermal), see thermal vibration
vibronic coupling, see electron—phonon coupling
virtual phonon 494, 495
Vogel-Fulcher-Tammann equation 544, 639, 641
Vogel-Fulcher-Tammann temperature 640
volume susceptibility, see magnetic susceptibility, volume
vortex pinning 492
vortex state 491, 492
VPI-5 596
VS, 558

Wadsley defect 74

water softening 594

wave vector 148, 217, 219, 408, 494

wavefunction 161-166, 169, 170, 171, 202, 203, 204, 217
weak backscattering 646

Weiss constant, 6 369

wide nonstoichiometry 98

WO; 74, 234, 235, 326

Index

WO;-, 74

Wyckoff site 12
general position 12
special positions 12

xerogel 601
X-ray absorption fine structure (EXAFS) 318

Y3Al50,,, see yttrium aluminum garnet
YBa,Cu30; synthesis 515

YBa,Cu3;0,_598, 108, 112, 134, 511, 513
YBaFe,Os, charge ordered 460

YBaFe,Os, valence mixed 460

YBCO superconductors, see YBa,Cu3;07—5
YO,-,,Fi+2,, 80

yttria-stabilized zirconia (YSZ) 552

yttrium aluminum garnet (Y3AlsO;,) 293, 310
yttrium barium copper oxide, see YBa,Cu;0;_5

Zachariasen rules 625

Zeeman effect 358

Zeeman splitting, see Zeeman effect
zeolite catalysts 588

zeolite A 582

zeolites 46, 579

zeolite X 583

zeolite Y 583

zeotypes 579

zero resistance 486, 498

zero-field splitting 365

zero-point energy 160

Zintl phases 47

Zintl-Klemm concept 47

zirconia (ZrO,) 552

zirconium tungstate (ZrW,0Oyg) 130, 602
ZrO,, see zirconia

ZrW-0Og, see zirconium tungstate
ZSM-18 587
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