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Numbers in boldface type refer to Experiments 1 through 15. The word "demo" after an
entry refers to demonstrations, the word "lab" refers to suggested laboratory activities.

A
Absorbance, definition, 419
Absorption of light, 419-422
Absorption spectra of F-centers, 180f
Acceptor, description, 473
Acid(s)
deep donor analogy, 252
definition, 251
Acid- base chemistry, review articles, 500
Aerogels, formation, 467f
AFM (atomic force microscope), 23, 473
Age of materials, 1, 329
Alcogels, 464-465, 467f
AlyGaq. wAs solid solutions, band gap
versus composition, 218, 220f
Alkali halides
absorption spectra from F-center, 180
band gap, 228t
effect of vacancy size on absorption
energy, 180- 181
F-center absorption decay, 181, 182f
preparation of solid solutions, 181
Schottky defects, 175
Alkali metals
body-centered cubic structure, 56
nondirectional bonding, 189
Alkaline earth metals
electrical conductivity, 193
nondirectional bonding, 189
Allotropes, definition, 121
Alloy(s)
definition, 473
hardening, 170- 174
Alpha particles, detection by polymers, 12

Alpha radiation, effect on plastic, 396
Alpha-track method, radon testing, 395
Alum
preparation, 373
single-crystal growth, 372
Alum- chrome alum solid solutions,
preparation, 369
Alum structure, solid solutions, 369-376
b-Alumina, ion exchange, 346
Aluminosilicate sheets, formula, 132
Aluminum
amphoteric character, 119
as dopant, 245, 246, 247f, 252
crystal structure, 331
deformability, 157
face-centered cubic structure, 56
molar heat capacity versus
temperature, 25f
packing, 98
recycling, 374
Aluminum-doped silicon, neutralization
reaction, 255
Amethyst, origin of color, 176- 177
Ammonia, autoionization, 251
Amphibole(s)
definition, 473
structure, 132
Analytical methods, role of materials
science, 8- 9
Analytical miniaturization, 9
Anisotropy, definition, 473
Annealing, 167, 169(demo), 172(demo),
173(demo), 473
Antifluorite (LioO) structure, 117, 118f, 145,

473



542

Aqueous solutions
analogy to semiconductors, 269
in synthesis of solids, 336- 337
Arsenic as dopant, 245
Arthroscopic surgery, use of memory
metals, 301
Asbestos mineral, crocidolite, 132
Atom(s)
direct evidence, 15- 23
indirect evidence, 24- 27
positioning by STM, 22Atomic
composition, relation to heat capacity,
353
Atomic force microscope (AFM), 23, 473
Atomic gridlock, hardening of metals, 167
Atomic hole puncher, STM, 8
Atomic hydrogen, role in diamond
formation, 341
Atomic motion, 164, 166(demo)
Atomic structure and periodic properties,
review articles, 499
Atomic surface topography, sampling, 16
Atomic tip, 16, 17f
Atomic vibration, illustration, 355f
AuAl,
purple plague, 119
synthesis and reactivity, 147
Austenite
CsCl structure, 283- 285
definition, 281
description, 474
iron allotrope, 170- 171
NiTi phase, 425
pressure-induced transformation, 292f
projection, 287, 288f
transformation to martensite, 284- 288,
296f
Autoionization, silicon, 241
Autoionization equilibrium, water versus
semiconductors, 244f
Autoionization equilibrium constant
effect of temperature, 244
semiconductors, 243t
Automatic transmissions, use of NiTi
memory metal, 298, 299f
Automobile bumpers, use of memory
metals, 300
Automobile clutches, use of electro-
rheological fluids, 41, 43f
Automobile shock absorbers, use of
electrorheological fluids, 41, 43f
AZ solids isoelectronic with Group 14
solids, periodic properties, 215, 216f, 217t
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B

Balance used to observe weight change of
magnets, 30f
Band(s)
definition, 187, 188f, 474
formation, 188
in metals, 188- 205
Band gap
alkali halide salts, 228t
definition, 209, 474
diamond, 211
effect of electronegativity difference
between atoms, 408
effect of temperature, 224
factors, 211
germanium, 213
group 14 solids with diamond structure,
211
insulator, 210
semiconductor, 210
silicon, 212
sodium chloride, 227
a-tin, 213
tunable, 218- 226
Band gap energy
definition, 406
estimation, 409
relation to color, 217f, 218
relation to composition, 409
Band structure, sodium and magnesium,
189f
Band width, definition, 209
Barium, carrier for radium, 62
Barium sulfate, molar heat capacity, 25
Base, definition, 251
Bednorz, Georg
Nobel prize, 432
use of ceramics in superconductivity
studies, 302
Beer- Lambert law, equation, 265, 267, 419
Berthollide compounds
definition, 474
nonstoichiometric compounds, 63, 480
Beryl, cyclic silicate, 130, 131f
Beryllium, vibrational frequencies, 24
Biasing
definition, 261, 474
light-emitting diode, 263(demo)
p- n junction, 261- 269
Biological molecules, study by STM, 21, 22f
Biotite
formula, 132
structure, 134f
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X-ray powder diffraction pattern, 388f
Body-centered cubic (bcc) cell, definition,
474
Body-centered cubic packing
description, 102- 103
elements exhibiting structure, 144
examples, 56, 57f
packing efficiency, 103, 171
projection, 87, 88f
unit cell and nearest neighbors, 56f,
103f
Bohr radius, definition, 246, 248, 474
Bonding
in metals, 191f
review articles, 499
Bragg diffraction
comparison with Fraunhofer
diffraction, 80, 81f, 380f
condition for constructive interference,
80
Bragg equation, 380f, 385, 391
Bragg, Sir Lawrence, 79, 99
Bragg's law, 80
Brass, solid solution, 59
Bronze, formation, 170
Bubble raft
construction, 141
hexagonal packing, 99
modeling of metal atoms, 100
pattern, 101f
set up, 99f
Buckminsterfullerene
description, 474
packing, 126
proposed uses, 10- 11
Buffers, semiconductors, 255- 257
Bulk extended solid, electronic structure,
187, 188f

C

Cgp. superconductivity, 312- 313

Cadmium chloride, fractional filling of
octahedral holes, 114

Cadmium chloride structure, 115f

Cadmium iodide structure, 114, 116f, 147

Cadmium sulfide, photoconductivity,
214(demo)

Calcium fluoride, molar heat capacity, 25

Calcium oxide, molar heat capacity, 25

Calcium oxide-doped ZrO,, oxygen sensor,
269- 270

Calcium titanate, 58

Calculations, stoichiometry, 49

Carbon, vibrational frequencies, 24

Carrier(s)
definition, 238
majority versus minority, 252
Carrier concentration
definition, 192, 474
effect of temperature, 244
insulators, 211
semiconductors, 211
Catalysis and kinetics, review articles, 500
Catalytic converter
cutaway view, 13f
principle, 269- 270
use, 12
Ceramics
critical temperature, 312t
sol- gel process, 468
superconductivity, 302- 303
thermal conductivities, 212
Cesium chloride structure, 111- 112, 144,
283- 285, 474
Charge compensation, 176
Chemical equilibria, prediction of shifts,
319- 321
Chemical vapor deposition (CVD)
description, 475
preparation of p- n junction, 260
use in control of interfaces, 9- 10
use in solid-state synthesis, 340
Chemical vapor methods, use in solid-state
synthesis, 338- 345
Chemical vapor transport, 339
Chemie douce, 345- 347
Chemists, role in creation of materials and
devices, 155
China clay, layered structures, 133
Chrome alum
preparation, 374
single-crystal growth, 373
Chromium, body-centered cubic structure,
56
Chu, Paul, superconducting oxides, 303
Circuit, LED socket, 409f
Citizen's Guide to Radon, 3%
Cladding, in optical fibers, 342, 343f
Clapeyron equation, 291
Clays
chemical reactions, 346f
layered structures, 133
Cleavage planes of crystals, 367f
Close packing
array of atoms, 88f, 92
demonstrations, 100- 101(demo)
interstices, 105(demo)
of anions, 121t



of spheres, 364f
packing efficiency, 99
sketch, 98f
CoAl
preparation, 331
synthesis, 332(demo), 333f
Coatings, role in interface control, 10
Cobalt
effect on NiTi memory metal, 297
use in ferrofluids, 36
Colloids and surfaces, review articles, 503-
504
Color
relation to band-gap energy, 217f, 218
relation to wavelength, 410t
Commercial suppliers, 487- 496
Compensation process, semiconductors,
256, 257f
Compensation temperature
effect of temperature, 460
magnetic garnets, 456t
Compound semiconductors
dopants, 250
See also Semiconductors
Compounds with variable stoichiometry
physical properties, 64- 65
types, 63, 64t
Compression, 291f
Compressive stress, 291
Computer disks, use of ferromagnetic
materials, 32
Concentration cells, 257- 271
Condensation, mechanisms, 471-472
Conductance, definition, 475
Conducting polymers, description, 475
Conduction band
definition, 475
formation in diamond, 207, 208f, 209f
Conductive interference, definition, 475
Conductivity
and hole energies, 240(demo)
apparatus, 196f, 417f, 444f
effect of doping, 251- 252
localized bonding picture, 237, 238f
measurement apparatus, 318f
units, 196
See also Electrical conductivity
Conductivity changes, 318(demo)
Conductivity experiments, commercial
supplier, 493
Conductors, ionic compounds, 176, 177f
Conservation of energy, 356
Constructive interference, 79f, 80, 379f, 380f
Cooling curves, water, 201(lab)
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Cooper pairs, 309, 310, 475
Cooperative behavior in solids,
ferromagnetism, 30
Coordination number
body-centered cubic packing, 103
definition, 99
for various packing types, 106t
hexagonal close packing, 103
simple cubic packing, 102
Copper
basis of color, 204- 205
deformability, 157
dopant in silicon, 252
face-centered cubic structure, 56
molar heat capacity versus
temperature, 25f
packing, 98
solvent for synthesis, 338
X-ray source, 392
Copper- aluminum, shape-memory alloy,
425
Copper- aluminum- nickel, shape-memory
alloy, 425
Copper(l) compounds, stability, 446
Copper-containing oxides,
superconductivity, 432
Copper(l) iodide, 446
Copper mercury iodide
conductivity changes, 318(demo)
ionic conductor, 315
order- disorder phase change,
317(demo)
structure and phase change, 315, 316-
317
synthesis and properties, 319(lab)
See also CupHgly

Copper(l) tetraiodomercurate(ll), See
CusHgly

Corner-shared atoms in simple cubic unit
cell, 55- 56

Counterintuitive property of memory
metals, 282

Covalent extended solids, directional
bonding, 123

Covalent insulators, 206- 226

Covalent semiconductors, 206- 226

Covalent solids, 123- 126, 156

CR- 39, poly[ethylene glycol bis(allyl
carbonate)], use in radon testing, 397

Cristobalite, structure, 138f

Critical current (J;), definition, 475

Critical current density, definition, 303

Critical field (H.), definition, 475
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Critical temperature (T ), definition, 301,

475
Crocidolite, asbestos mineral, 132
Cross-linking, effect on silicate polymer
properties, 463
Crystal habits, 143
Crystalline defects, 160- 162, 176
Crystalline materials
examples, 363
extended structure, 363
Crystalline solid(s)
definition, 475
electronic structure, 187- 235
Crystalline structures, 97- 153
Crystallographic planes of a layered solid,
measurement of spacing, 390
Crystals, preparation, 347- 350
CuAly, formation, 170
CuoHgly
crystal structures, 444
determination of transition
temperature, 443
electrical conductivity, 443-444
low-temperature form, 442f
phase transition, 439-445
preparation, 271(lab), 337, 441-443, 439-
445
thermochromicity, 441
See also Copper mercury iodide
CugTaSey, preparation by chemical vapor

transport, 339
Cube(s), model for extended structures,
110- 111(demo), 363
Cubic close packing,
description, 475
elements exhibiting structure, 144
representation as face-centered cube,
107f
stacking pattern, 104, 106f
versus hexagonal close packing, 366
Cubic crystals, 110(demo)
Cubic holes, 111- 113,475
Cupronickel, solid solution, 62
Curie point, 34- 35(demo)
Curie temperature
definition, 476
ferromagnets, 33t
Current induction, 306f
Cyclic silicates, 130, 131f
Czochralski crystal growth, 349- 350, 476

D
De Broglie wavelength, definition, 476

Deep acceptor, weak acid analogy, 252
Deep donor, weak base analogy, 252
Defects
in crystals, 160- 162, 176
in ionic compounds, 174- 176
in metals, 156- 174
in solids, 155- 186
spectroscopy, 176- 183
Deformation, 156
Deformation stress, 159- 160
Delocalized bonding
doping, 245- 246, 247f
electron- hole recombination, 242
semiconductors, 238f
Density, review articles, 497
Deschamps, Olivier, sculptor using
memory metal, 300
Destructive interference, 79f, 379f, 380f, 476
Diamagnetism, definition, 476
Diamond
band gap, 211
density, 367
films, 10
formation from graphite, 280
hardness, 214(demo)
industrial applications, 10
low-pressure synthesis, 341
molar heat capacity versus
temperature, 25f
molecular orbital treatment, 207- 209
optical properties, 211
packing efficiency, 405
properties, 10
structure, 123, 406, 407f
thermal conductivity, 212
valence and conduction bands, 207, 208f
versus graphite, 367
Diamond structure
elements exhibiting structure, 144
insulators and semiconductors, 209-
215
projection, 87, 88f
Dielectric constant
definition, 248, 476
silicon, 248
Diffraction
definition, 476
indirect evidence for the existence of
atoms, 15
of waves, 379
principles, 77- 81
Diffraction data, use in determination of
structure, 77- 9%
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Diffraction gratings, commercial supplier,
496
Diffraction patterns
evidence for repeating arrangement in
crystals, 80
generation with laser, 383f
relation to repeating dot array, 379-383
simulation, 83f, 89f
Diffusion
importance, 449
in solids, liquids, and gases, 447-453
relative rates, 330(lab)
synthesis of solids, 330- 334
Dimensionality, defects in crystals, 160-
161
Diode laser(s)
description, 476
operation, 260
preparation from p- n junction, 264
schematic, 264f
use of tunable band gaps, 219- 220
uses, 11
Diode light sources, smart material, 11
Diopside, linear silicate, 131
Dipole moment, mechanical induction, 43,
24f
Direct band gap materials, 219
Directional bonding, covalent extended
solids, 123
Dislocation
and plastic deformation, 162- 164
definition, 476
demonstration, 165(demo)
description, 161- 162
effect of impurities on movement, 170
in crystals, 161f
model for movement and pinning of
dislocations, 167, 168f
motion, 163f
pinning, 167
plastic deformation, 174
within grains, 165
Disordered solid solutions, 59, 60(demo),
61- 62
Domain, definition, 476
Donor atom
description, 476
effect of adding phosphorus to silicon
crystals, 247f
Dopant(s)
arsenic, 245
classification, 251
compound semiconductors, 250
definition, 245, 477
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impurity atoms, 245

in light-emitting diodes, 222

ionization energies, 246, 248- 250

phosphorus, 245

shallow dopants, 251

sources, 245
Doped semiconductors, energy levels in

band-structure diagram, 249, 250f
Doped silicon, conductivity, 251- 252
Doping

effects, 245, 251- 252, 257f

electron donors and acceptors, 245- 246

illustration, 247f

localized bonding model, 245
Ductility

definition, 477

demonstration, 159(demo)

metals, 98, 156
Dulong and Petit laws, 24

E
Edge dislocation, 161f, 162f
Electrical conductivity
alkaline earth metals, 193
carrier concentration, 192
change with intercalation, 416
definition, 477
effect of temperature, 196
enhancement, 193, 196(lab)
laboratory procedure, 416
metals, 98, 191- 199
periodic trends, 406-407
requirements, 192
scale, 196, 197f
sodium, 193
tungsten trioxide, 413
See also Conductivity
Electrical power transmission by
superconductors, 314
Electrical properties, effect of variable
stoichiometry, 65
Electrical resistance
analogy to mechanical friction, 198
change with temperature, 404-405
definition, 411
demonstration, 198- 199(demo)
measuring instrument, 411
metals, 196- 199, 411
relation to temperature, 404
semiconductors, 411
superconductors, 437
temperature dependence, 199(demo)
See also Electrical resistivity
Electrical resistivity
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definition, 196
effect of temperature, 196, 198,
199(demo), 210- 211
metals and semiconductors, 197f
See also Electrical resistance
Electrically insulating materials, 23
Electro-optical devices, use of tunable band
gaps, 219- 221
Electrochemical cell, graphic illustration,
250f
Electrochemical etching process,
preparation of STM tips, 19
Electrochemistry, review articles, 501
Electrochromic displays, tungsten trioxide,
415
Electrode surfaces, study by STM, 21, 22f
Electromagnetic radiation, 77- 78
Electromagnets
principle, 305
use of superconductors, 313
Electron energies versus hole energies, 240
Electron flow in a band, 193(demo)
Electron- hole recombination
energy release, 244
process, 242
Electron pairing, effect on electromagnetic
properties, 277
Electron probability distribution, 18f
Electronic structure of crystalline solids,
187- 235
Electronic transitions, valence band to
conduction band, 213f
Electronics, applications of
superconductors, 314
Electrons
and holes, 237- 250
evidence for existence, 28
in magnetic solids, 31f
in solids, 28- 45
localized versus delocalized behavior,
28
probability distribution, 16- 17
spin states, 28
Electrorheological (ER) fluids
applications, 41
changes in viscosity due to applied
electric field, 42f
mechanism of operation, 40, 41f
smart material, 11, 28
Elements
molar heat capacity relationship, 24
structural properties, 49t
Energy, transformation and conservation,
355
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Epitaxial growth, description, 477
Equilibria
basic principles, 237
effects of temperature and pressure,
278- 281
Equipartition theorem, 24
Escher print, unit cells, 53, 54
Espoir-Desespoir, sculpture using memory
metal, 300f
Extended shared polyhedra, 127- 138
Extended solids
construction, 361-368
definition, 50
description, 363
formation, 49- 50
stoichiometry, 49

F

F-center
absorption phenomena, 180, 181, 182f
definition, 477
demonstration, 178- 179(demo)
description, 176, 178f
effect of vacancy size on absorption
energy, 180- 181
formation, 177- 178, 179f
in salts, 176- 183
luminescence, 182- 183
spectroscopy, 180- 182
thermoluminescence, 182- 183(demo)
Face-centered cubic (fcc) packing
description, 477
examples, 56
metals, 98
packing efficiency, 171
projection, 87, 88f
stacking pattern, 105, 107f
unit cell, 56- 57
videotape showing viewing
perspectives, 58(demo)
void spaces, 171
Faraday, Michael, current induction, 305
Fayalite, solid solution, 62
Feedback controller, in STM, 19
Fermi level
definition, 477
effect of doping, 257f
ionization of acceptors, 254, 255f
relation to pH, 253, 254f
Ferrite
definition, 477
iron allotrope, 170- 171
Ferrofluid(s)
alignment with magnetic field, 39f



applications, 39- 40
commercial supplier, 488
definition, 477
demonstration, 37- 38(demo)
hexagonal packing, 99
preparation, 36, 37f
properties, 36

supplier, 37

uses, 10

Ferrofluid seals, high-speed computer disk

drives, 40
Ferrofluidics bottle cell, 38- 39(demo)
Ferromagnet(s)
Curie temperature, 33t
response to magnetic field, 31
Ferromagnetic materials
basis for recording media, 32
response to magnetic field, 31
Ferromagnetism
cooperative behavior, 30
definition, 477
magnetic garnets, 458
temperature dependence, 33
versus paramagnetism, 30- 32
Fluorapatite, solid solution, 62
Fluoride, prevention of tooth cavity, 62
Fluoride-selective electrode, 270- 271
Fluorite (CaFy)
definition, 477
stoichiometry, 367
structure, 117, 118f, 119
Fluorite structure
compounds exhibiting structure, 145
description, 478
Flux(es)
definition, 478
in synthesis of solids in liquid media,
338
Fluxoids, 304
Forsterite, solid solution, 62
Forward-biased p- n junction, definition,
261, 262f
Four-probe conductance test circuit, 437f
Fracturing, demonstration, 159(demo)
Fraunhofer diffraction
experiment, 379-380
verification, 87
versus Bragg diffraction, 80, 81f
Fraunhofer equation, 380f, 331
Free energy, versus temperature and
pressure, 319, 320f, 321f
Frenkel defect
definition, 478
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silver chloride, 175
Friction, analogy to electrical resistance,
198
Fullerene-derived materials
proposed uses, 10- 11
superconductors, 312t
Fuller's earth, layered structures, 133

G
Gallium
dopant, 245
similarity to water, 279
Gallium selenide, properties, 367
GaPyAs1. x
spectra of LEDs, 225f
tunable unit-cell constants, 218, 219f
Garnet(s)
definition, 478
general formula, 458
magnetic properties, 455-461
solid solutions, 130, 459
Garnet structure
rare earth iron garnets, 33
unit cell, 458, 459f
Gases, diffusion, 449, 451
Gel, definition, 466
Gelation, acid- versus base-catalyzed, 468f,
469
Gemstones, color enhancement, 449
Gene sequencing, by STM, 21
Generators, principle, 305
Germanium, band gap, 213
Gold
basis of color, 204- 205
deformability, 157
face-centered cubic structure, 56
image of surface, 20f
packing, 98
STM-generated image of surface, 9f
usefulness, 97- 98
Gold- cadmium, shape-memory alloy, 425
Grain(s)
definition, 478
dislocations, 165
effect of mechanical stress, 165
in metals, 164
Grain boundary, definition, 164,
165(demo), 478
Gram specific heat, 353
Graphite
chemical reactions, 346f
commercial supplier, 492
conversion to diamond, 280
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enhancement of electrical

conductivity, 193

intercalation, 193- 196(demo)

layered structure, 194f

removal of layers, 126(demo)

structure, 123- 124

surface for STM, 23

versus diamond, 367
Gray-scale imaging, in STM, 19
Gray tin, conversion to white tin, 280
Group 14 solids

band gap, 211

localized bonding, 214

periodic properties, 212t

H

Hardening of metals, 172(demo),
173(demo)

Harmonic oscillator, frequency variation,

24
Heat, definition, 355
Heat-and-beat methods
schematic representation, 330f
synthesis of solids, 330- 334
Heat capacity
equipartition theorem, 24
experiment, 353-359
indirect evidence for atoms, 24- 27
monoatomic solids, 24
relation to atomic composition, 353
relationships, 26- 27(demo), 27(lab)
temperature dependence, 25f, 356f
See also Molar heat capacity
Henry, Joseph, current induction, 305
Hexagonal close packing (hcp)
definition, 478
elements exhibiting structure, 144
examples, 98, 99
stacking pattern, 103, 104f
versus cubic close-packing, 366
High-temperature superconductor,
preparation and demonstration of
properties, 429-435
Hole(s)
conductivity, 241(demo)
definition, 220, 238, 478
in ionic solids, 108
mobility, 238, 239f
positively charged nature, 239
Hole- electron recombination, 242, 244
Hole energies
and conductivity, 240(demo)
versus electron energies, 240

Hope-Despair, sculpture using memory
metal, 300f
Hydrides, variable stoichiometry, 64t
Hydrodesulfurization (HDS)
catalyst synthesis and recovery cycle,
6,7f, 8
definition, 6, 478
Hydrogen atom(s)
allowed energies, 246
estimation of dopant ionization
energies, 246, 247- 250
intercalation into tungsten trioxide,
413-417
role in diamond formation, 341
Hydrolysis, mechanisms, 471-472
Hydrothermal treatment, preparation of
zeolites, 337
Hydroxyapatite,
bioceramic, 12
solid solution, 62
Hysteresis, definition, 296- 297, 478

Ice
effect of pressure on melting point,
279(demo)
free energy versus temperature and
pressure, 320f
Ice- water mixture, LeChatelier's
principle, 278- 279
Indirect band gap materials, 219
Indium, sound due to atomic motion, 166
Institute for Chemical Education (ICE)
solid-state model kit, software for
visualizing structural features, 55, 81,
139
Insulator(s)
band structure, 210f
carrier concentration, 211
description, 479
diamond structure, 209- 214
resistivity, 196
tetrahedral geometry, 206
zinc blende structure, 215- 218
Interatomic separation, probing by
tunneling current, 18
Intercalation
demonstration, 194- 196(demo)
effect on electrical conductivity, 416
enhancement of electrical
conductivity, 193
reactions of guest molecules, 345
Interfaces, 9- 10
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Interference, electromagnetic radiation,
79f
Interstices in close-packed structures,
105(demo)
Interstitial atom, definition, 63, 479
Interstitial defects
definition, 160
schematic representation, 161f
Interstitial site, definition, 363
lon exchange, in solid-state synthesis, 346-
347
lon mobility, mediation by crystal defects,
176
lonic compounds
as conductors, 176, 177f
defects, 174- 176
study with modeling kit, 123(lab)
lonic concentration cells, 269- 271
lonic conduction, 176, 177f, 315- 319
lonic conductivity, mechanism, 315
lonic conductors, synthesis, 271(lab)
lonic insulators, 226- 228
lonic semiconductors, 226- 228
lonic solids, 24, 108- 123, 156, 157f
lonization, semiconductors, 254- 255
lonization energies, common donors and
acceptors in silicon, 248, 249f
Iron
body-centered cubic structure, 56
Curie point, 34- 35(demo)
effect on NiTi memory metal, 297
phase transformations, 170- 171
phases important in steel, 171t
stress required for deformation, 159
use in ferrofluids, 36
a-lron (ferrite), 170- 171, 474
g-lron (austenite), 170- 171
Iron carbide
metastable phase, 171
role in steel strength, 171
Isoelectronic species, definition, 215
Isomorphous substitution, 132, 479
Isostructural solids, examples, 127
Isovalent species, definition 215

J
Jig for training memory metal, 289, 290f

K

Kaolin, layered structures, 133
KBr, X-ray powder diffraction pattern, 389f
KCI
preparation of solid solutions, 181
X-ray powder diffraction pattern, 389f
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Kinetics, and phase transformations, 172
Kinetics and catalysis, review articles, 500

L

L-shaped molecules, diffraction, 89f, 92
LaCoOg, preparation, 335

Lanthanides, review articles, 502
Lanthanum fluoride (LaF3), fluoride-
selective electrode, 270- 271
Laser(s), commercial supplier, 489, 495
Laser pointer, commercial supplier, 489
LaTiOg, preparation, 338
Law of Dulong and Petit, 479
Layered materials, 133, 134f, 390, 346f
Layering, effect on crystal growth, 371
Lead
deformability, 157
molar heat capacity versus
temperature, 25f
LeChatelier's principle, 244, 278- 281, 291,
319
LED, See Light-emitting diode
Les Trois Mains, sculpture using memory
metal, 300
Levitation
mirror attachment for experiment, 323f
of a magnet, 307f
stable versus unstable, 307
superconducting pellet, 308(demo)
Life cycle of a material, 5- 8
Light absorption, 419-422
Light-emitting diode (LED)
biasing and dissection, 263(demo)
chemical composition versus
wavelength of emitted light, 225(1ab)
commercial suppliers, 492, 496
definition, 479
effect of temperature on emission, 223-
224(demo)
emission spectrum, 221f
p- n junction, 262
periodic properties, 401-412
principle, 261, 262f
properties, 403t
schematic, 263f
spectra, 225f
use of tunable band gaps, 219- 220
uses, 11
view through diffraction grating, 409
Light transmission by optical fibers, 343
Linear silicates, 130, 131f
Linear superposition, principle, 79
Liquid(s), diffusion experiment, 450-453
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Liquid oxygen, paramagnetism, 28
Lithium, uses in batteries, 64
Localized bonding

correlation with properties, 206

doping, 245- 246, 247f

electron- hole recombination, 242

Group 14 solids, 214

semiconductors, 238f
Loudspeaker, principle, 40
Luminescence

color control, 261

F-center, 182- 183

M

MacMolecule, commercial supplier, 491
Mag-lev train, 314
Magic sand, description, 13
Magnesium
band structure, 189- 190
packing, 98
Magnesium oxide, molar heat capacity, 25
Magnetic domains, use in information
technologies, 12
Magnetic field, effect of Cooper pairs, 310
Magnetic field induction, 306f
Magnetic field lines, hexagonal packing,
9
Magnetic fluid, benefits, 36
Magnetic garnets, 455-461
Magnetic moments, 30t
Magnetic properties
determination, 461
effect of temperature, 460
technological applications, 32
Magnetic resonance imaging (MRI),
ferrofluids as contrast agents, 40
Magnetic spiking phenomenon, 39f
Magnetite, use in ferrofluids, 36
Magnets, commercial supplier, 488
Majority carriers, 252
Manganese, dopant in silicon, 252
Manganese oxides
magnetic moments, 30t
response to magnetic field, 29(demo)
Manganese zinc ferrite, use in ferrofluids,
3%
Martensite
definition, 281, 479
formation, 172
NiTi phase, 425
transformation to austenite, 296 f
variants, 285, 286f, 287, 288f
Martensitic transformations
definition, 277
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NiTi memory metal, 281
Materials chemistry, 1, 479
Materials-dependent technologies, 12
Materials life cycle, 1- 8,479
Mechanical energy, effects, 278
Mechanical friction, analogy to electrical

resistance, 198
Mechanical stress, effects, 156, 165
Meissner, W., Meissner effect, 301
Meissner effect

definition, 301, 431-432, 479

demonstration, 308(demo), 436-437

illustration, 304f

levitation, 305
Melts, in synthesis of solids in liquid

media, 338
Memory metals

applications, 298

commercial supplier, 494

CsCl structure, 113

dependence of transition temperature

on composition, 297
Metal(s)

band structure, 188- 205, 210f

basis of color, 204- 205

charge carriers, 192

conversion of bcc to fcc packing, 280

defects, 156- 174

deformation, 156, 159- 160

description, 480

ductility, 156

effect of temperature on resistivity, 210,

404

electrical conductivity, 191- 199

electrical resistance, 196- 199

electronic transitions, 204

Fermi level, 254f

hardening, 170- 174

hydrides, 64

laboratory activity, 123(lab)

optical properties, 204- 205

packing, 98, 106t, 363

polycrystallinity, 164

processing, 156

reflectivity, 204, 205f

resistivity, 196- 199, 303, 304f

strengthening, 167, 170

superconductivity, 301, 302f

thermal conductivity, 200- 203

three-dimensional structure, 363

usefulness, 97
Metal alloys, disordered solid solutions, 61
Metal atoms, modeling, 98, 100
Metal cluster, definition, 337
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Metal crystal
effect of mechanical stress, 156
molar heat capacity, 24
Metal defects, dimensions, 156
Metallic bonding, 98, 191
Metallic elements, packing arrangements,
56, 57f
Metallic reflectivity, See Reflectivity
Metalloids, 49
Metastable phase, iron carbide, 171
Methane, molecular orbital treatment, 206,
207f
Metrex, metals recycling plant, 8
Mho, definition, 480
Mica, structure, 134f
Micromotors, 9
Microstructure, definition, 156, 480
Mineral samples, commercial supplier,
495
Minority carriers, 252
Mobile electron, as basic species, 251
Mobile hole, as acidic species, 251
Modeling crystal structures, software, 490
Modeling kits, commercial supplier, 490
Modeling metal atoms, 98
Modified chemical vapor deposition,
synthesis of optical fibers, 343- 344
Molar heat capacity
and specific heat, 26- 27(demo)
selected solids at 298 K, 26t
temperature dependence, 25
versus temperature, 25f
See also Heat capacity
Molar specific heat, 353
Molecular beam epitaxy (MBE)
definition, 480
in solid-state synthesis, 342
preparation of p- n junction, 260
Molecular geometries, determination from
optical transform slides, 90f, 91f, 92
Molecular orbital theory
band formation, 188- 191
diamond, 207- 209
methane, 206, 207f
Molecular solids, 59, 126
Molybdenite (molybdenum disulfide)
catalyst in HDS process, 6
commercial supplier, 491
definition, 480
production, 6
removal of layers, 124
structure, 124, 125f
surface for STM, 23
X-ray powder diffraction pattern, 387f
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Molybdenum
body-centered cubic structure, 56
coordination number, 124
Molybdenum sulfide, study of properties,
367
Mondo-tronics, commercial supplier, 494
Monoatomic gas
average kinetic energy, 24
molar heat capacity, 24
Monoatomic solids, molar heat capacity, 25
Monoclinic structure, array of atoms, 88f,
R
MoS», See Molybdenite

Mdller, Alex K., 302, 432
Multimeters, commercial supplier, 493
Multimode optical fibers, 342
Muscovite
structure, 133
X-ray powder diffraction pattern, 387f

N

n-type semiconductors
alkaline solution analogy, 252, 258
definition, 252, 480
Fermi level, 254f
Nanobattery, preparation, 22, 23f
Nanometer-scale galvanic cell, STM
images, 23f
Nanostructure, definition, 480
Nanostructured materials, definition, 155
NASA Research Center, ferrofluids, 36
Nernst equation, 258, 446
Net dipole moment, mechanical induction,
43, 44f
Neutralization reactions, semiconductors,
255- 257
New materials, 10- 11
NiAl
crystal structure, 331
preparation, 331
synthesis, 332(demo), 333f
NiAs, structure, 114, 115f
NiAs structure, compounds exhibiting
structure, 146
Nickel
crystal structure, 331
Curie point, 34(demo)
deformability, 157
effect of concentration on temperature
of phase transition of NiTi, 298f
face-centered cubic structure, 56
Nickel- titanium (NiTi) memory metal,
See NiTi memory metal



Index

Nickel- Titanium Naval Ordnance
Laboratory, 281

Niobium alloys, use in superconductor
technology, 302

NiTe, preparation, 337

NiTi memory metal
acoustic properties, 294, 295(demo)
annealing into new shape, 289(demo)
changing memorized shape, 289- 290
changing phase with pressure, 290
commercial supplier, 496
counterintuitive property, 282
determination of physical properties,
427
deviations in chemical composition,
297
effect of substitution of Ni, 297
experiment, 423-428
hysteresis, 296- 297
in automatic transmissions, 298- 299f
in sculptures, 300
martensitic transformation, 277, 281
mechanical properties, 292- 293(demo)
mechanism for accommodating stress,
287
preparation, 297
properties, 290
shape-memory property, 281, 282-
283(demo)
smart material, 11
stoichiometry, 298f
superelasticity, 290, 293- 294(demo)
tension and compression, 291f
transformation to martensite, 290
transition temperature study, 424f
uses, 298- 301
See also Nitinol

Nitinol
definition, 480
effect of Ni concentration on transition
temperature, 426f
experiment, 423-428
high-temperature phase, 426f
memory metal, 281
properties, 425
See also NiTi memory metal

Nonaqueous solvents, in synthesis of
solids, 337- 338

Nondirectional bonding, metals, 189

Nonmetals and semiconductors, review
articles, 502

Nonstoichiometric compounds
Berthollide compounds, 474
definition, 480

variable stoichiometry, 63
Nucleation sites, definition, 372

O

Ochsenfeld, R., Meissner effect, 301

Octahedra, 110- 111(demo), 127, 142, 490

Octahedral crystals, 110(demo)

Octahedral holes, 113- 117, 122f, 480

Oersted, H. C., magnetic field induction,
305, 306f

Ohm's law, 303

Oleic acid, use in ferrofluids, 36, 37f

Olivine, solid solutions, 62, 130

Onnes, H. K., discovery of
superconductivity, 301, 431

Optical diffraction, experiments, 379-384

Optical fibers, 11, 342- 345, 480, 495

Optical properties, metals, 204- 205

Optical transform(s), 78f, 81- 92

Optical transform experiment, 78f, 79

Optical transform kit, commercial
supplier, 489

Optical transform slides, 85- 86(demo), 90-
92,495

Order- disorder phase change, 277,
317(demo), 481

Orthodontic braces, use of memory metals,
300

Outside vapor deposition, synthesis of
optical fibers, 344- 345

Oxidative intercalation of graphite, 194-
196(demo)

Oxide-derived superconductors, 312t

Oxides with variable stoichiometry, 64t

Oxygen sensors, 269- 270

Oxygen vacancies, effect on 1-2-3
superconductor, 311- 312

P

p- n junction
band-energy diagram, 260f, 265
biasing, 261- 269
definition, 481
electronic properties, 260
forward and reverse bias, 261, 262f
LED, 262
Nernst equation, 258
operation, 260
photovoltaic cells, 265f
preparation, 258, 260
preparation of diode laser, 264
schematic, 259f

p-type semiconductors
acid solution analogy, 252, 258



definition, 252, 481
Fermi level, 254f
Packing, effect on slip plane motion, 156,
158f
Packing arrangements
coordination number and geometry,
363, 364f
metals, 56, 57f, 363
Packing efficiency
body-centered cubic structure, 171
face-centered cubic structure, 171
for various packing types, 106t
formula, 405
hexagonal close packing, 103
simple cubic packing, 102
three dimensions, 102
two dimensions, 99
unit cell, 366
Palladium
effect on NiTi memory metal, 297
hydrides, 64
in catalytic converter, 12
Parallelepiped, model for extended
structure, 363
Parallelogram, unit cell, 365f
Paramagnet, response to magnetic field,
30, 31f
Paramagnetic solid, response to magnetic
field, 30, 31f
Paramagnetism, 28- 32,481
Pauli principle, 191, 208
Performance, definition, 2
Periodic properties
LEDs, 406-412
review articles, 499
Periodic table, main regions, 49
Permanent magnet, formation, 32
Perovskite(s)
alteration to superconducting material,
128, 129f, 130f
atomic ratios, 311
definition, 481
piezoelectric material, 12
stoichiometry, 58
structure, 127, 128f, 311, 434-435
1-2-3 superconductor, 311
unit cell, 58
Perovskite structure, compounds
exhibiting structure, 146
pH
and thermodynamic electrochemical
potential, 253
relation to Fermi level, 253, 254f
pH sensor, miniaturization, 9
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pH value, use in classification of solutions,
253
Phase changes, 277
Phase transformations, iron, 170- 171, 172,
290
Phonons, 212, 219, 220, 481
Phosphorus, as dopant in silicon, 245, 251
Photoconductivity of cadmium sulfide,
214(demo)
Photocurrent, versus number of cells and
concentration, 268f
Photons, counting with solar cell, 266-
267(demo)
Photovoltaic (solar) cells
operation, 260
p- n junction, 265f
Piano wire
annealing, hardening, and tempering,
173- 174
commercial supplier, 491
type of steel, 171
Piezoelectric crystals, 42- 46
Piezoelectric effect, 45(demo)
Piezoelectric lighter, commercial supplier,
488
Piezoelectric materials
definition, 20
properties, 12, 43
use for STM tip positioning, 20
Piezoelectric scanner, in STM, 20
Piezoelectric tip, enlarged view, 21f
Piezoelectric tube, 21f
Piezoelectricity, definition, 481
Pigments, tungsten trioxide, 415
Pinning, definition, 481
Pixel, definition, 481
Plastic deformation
and dislocation, 162- 164
definition, 156, 481
demonstration, 165(demo)
mechanism, 158f, 159
movement of dislocations, 174
Platinum
effect on NiTi memory metal, 297
in catalytic converter, 12
use in STM tips, 19
Platinum- iridium alloys, use in STM tips,
19
Point defects, 160, 165(demo), 481
Poisson ratio, definition, 3, 482
Polonium, unit cell, 55
Polyatomic solids, molar heat capacity, 25
Polycrystalline material, grains, 164f
Polyester, commercial supplier, 488
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Polyether polyurethane foam, commercial
supplier, 488
Poly[ethylene glycol bis(allyl carbonate)],
CR- 39, use in radon testing, 397
Polymers
defects to detect radon gas, 164(lab)
detectors for alpha particles, 12
review articles, 503
Polymorph, definition, 121, 482
Polyurethane, 2- 3
Polyurethane foam, 2, 3, 5f
Potassium bromide
molar heat capacity, 25
X-ray powder diffraction pattern, 389f
Potassium chloride
F-center, 176, 178f
X-ray powder diffraction pattern, 389f
Potassium fluoride, molar heat capacity, 25
Potassium iodide, molar heat capacity, 25
Pre-assembled models, commercial
supplier, 490
Precipitation hardening, definition, 170,
174,482
Precursor techniques in solid-state
synthesis, 334- 336
Pressure, effect on equilibrium, 278- 281
Pressure-induced phase transformation,
290, 292f
Principle of linear superposition, 79
Projector mirror, construction, 322f
Pseudoelasticity, definition, 290
Purple plague (AuAly)
fluorite structure, 119
preparation, 119
Pyroxene, definition, 130, 131f, 482
PZT ceramics, piezoelectric material, 12

Quartz, piezoelectric material, 12, 43, 44- 45
b-Quartz, structure, 137f

Quaternary solid solutions, 62

Quenching, definition, 482

R
Radiation, absorption and reflection by
metals, 204
Radiochemistry, solid solutions, 62
Radium, removal from uranium ore, 62
Radius ratio, 108- 109, 117, 482
Radon
health problem, 397
testing, 395-399
Radon-222, description, 397
Radon test disk, commercial supplier, 496
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Rare earth iron garnets
preparation and characterization,
33(lab)
structure, 33
Rayleigh scattering, optical fibers, 343
RbCI, preparation of solid solutions, 181
Re-entrant foam
definition, 482
effect of processing, 4(demo)
from polyurethane, 3
preparation, 4(demo)
Re-entrant pore, representation, 5f
Reactivity, effect of solvents, 336(demo)
Recombination of electron- hole pairs, 242,
244
Recording devices
principle, 32
use of ferromagnetic materials, 32
Reflectivity
as function of wavelength, 205f
demonstration, 205(demo)
of metals, 204
Refractive index, optical fibers, 342
Relative specific heat, 353, 356
ReO 3 structure, compounds exhibiting

structure, 146
Resistance, 303, 482
Resistivity
definition, 482
of superconductors, 303, 304f
temperature dependence, 304f
units, 196
Reversed-biased p- n junction, definition,
261, 262f
Rhodium, in catalytic converter, 12
Rhombohedral phase, austenite-to-
martensite transition, 297
Rock salt model, commercial supplier, 490
Rock salt structure, projection, 88f, 92,483
Rubies, color enhancement, 449

S
Salt(s)
disordered solid solutions, 61
F-centers, 176- 183
molar heat capacity, 25
Salt crystals, commercial supplier, 491
Sapphires, color enhancement, 449
Scanning tunneling microscope (STM)
computer control, 19
constant-current mode, 19
description, 483
direct evidence for atoms, 15- 23
indirect evidence for atoms, 24- 27



instructional use, 15
instrument setup, 20
operation in air, 23
principle, 8
tip, 19- 20
Scanning tunneling microscopy (STM)
applications, 20- 22
principle, 16- 18
Schottky defect
alkali halides, 175
definition, 483
Screw dislocation, 162
Sculpture, use of NiTi memory metal, 300
Second-order phase change, definition, 304
Seeding, effect on crystal growth, 371
Semiconductors
analogy to aqueous solution chemistry,
269
as acid- base system, 251- 257
autoionization, 241- 245
autoionization equilibrium constant,
243t
band structure, 210f
carrier concentration, 211
compensation process, 256, 257f
conductivity, 237
definition, 483
delocalized bonding picture, 238f
diamond structure, 209- 214
effect of temperature on resistivity, 210-
211
electrical resistance, 411
extent of ionization, 254- 255
Fermi level, 253
generic absorption spectrum, 212, 213f
localized bonding picture, 238f
models, 412
neutralization reactions and buffers,
255- 257
preparation by CVD methods, 341- 342
properties, 261(lab), 401-412
resistivity, 196, 197f
review articles, 502
similarities with aqueous solutions,
260t
tetrahedral geometry, 206
tungsten trioxide, 413
zinc blende structure, electrical and
optical properties, 215- 218
Shallow dopants, 251
Shape-memory alloys
applications, 298
definition, 425
experiment, 423-428
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Shape-memory cycle, 282- 288
Shape-memory effect, loss, 297
Shape-memory property, NiTi memory
metal, 282- 283(demo)
Shear, definition, 483
Shearing motion, 285f
Siemen, definition, 483
Silanols, definition, 466
Silica
crystalline forms, 136
in optical fibers, 342
synthesis, 342(lab)
Silica gel sensors, 463-471
Silicates
linear and cyclic, 130, 131f
network, 132
polymer, 463
sheets, 132, 133f
structure, 131f
substitution of Al for Si, 132- 133
X-ray powder diffraction pattern, 391f
Silicon
autoionization, 241, 243
band gap, 212
carrier concentration, 211
conductivity, 237
delocalized bonding picture, 238f, 240
dielectric constant, 248
doping with aluminum, 255
doping with phosphorus, 245, 247f
effect of dopants, 251- 252
energy levels for isolated impurities,
249f
localized bonding picture, 238f
optical properties, 212
resistivity, 197
Silicon- germanium molecular
compounds, 59
Silicon- hydrogen molecular compounds,
59
Silicon oxide, molar heat capacity, 25
Silicon tetrafluoride, nonpolar nature, 42
Siloxane group, 466
Silver, face-centered cubic structure, 56
Silver chloride, Frenkel defect, 175
Simple cubic cell, definition, 483
Simple cubic packing
array of atoms, 87, 88f
calcium titanate, 58f
corner-shared atoms, 55- 56(demo)
packing efficiency, 102
perovskite, 58f
sketch, 55f
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structure of anions based on cation
position, 121t
unit cell and nearest neighbors, 102f
versus body-centered cubic packing,
366
Simulated diffraction patterns, 83f, 89f, 91f
Single crystals, slow solvent diffusion, 369,
372
Single mode optical fibers, 342
Sintering, definition 310, 483
Slip plane, 156, 158f, 484
Slow solvent diffusion for single-crystal
growth, 369-376
Smart materials, 11- 13, 40- 42, 282, 483
Smoky quartz, origin of color, 176- 177
Sodalite unit, shape, 136f, 137f
Sodium
band structure, 189- 190
carrier concentration, 192, 211
conductivity, 192
electrical conductivity, 193
ionic radius, 109
Sodium bromide, molar heat capacity, 25
Sodium chloride
band gap, 227
band-structure diagram, 227f
charge compensation, 176
commercial supplier, 491
defects due to substitution, 175- 176
mechanism of conduction, 176, 177f
molar heat capacity, 25
phase transformation, 280
thermoluminescence, 182- 183(demo)
unit cell, 52, 53f, 54f
Sodium chloride structure, 113- 114, 145
Sodium fluoride, molar heat capacity, 25
Sodium hydroxide solution, carrier
concentration, 192
Sodium iodide, molar heat capacity, 25
Sodium tungsten bronzes, variation of
color with composition, 64- 65
Soft chemistry, definition, 345
Sol, definition, 466
Sol- gel
ceramics, 468
formation, 470
preparation of silica gel sensors, 463-
471

process, 466
Solar cells, 260, 266- 267(demo), 420f
Solid(s)

classification, 196, 209- 210
cooperative behavior, 30
diffusion, 450, 453
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electronic structure, 187- 235
gas-phase synthesis, 338
high-temperature synthesis, 333
LeChatelier's principle, 278- 281
X-ray analysis, 385-393
Solid compounds, stoichiometry from unit
cells, 58
Solid electrolyte, synthesis and phase
transition, 439-445
Solid-phase techniques for synthesis, 330-
336
Solid phases, metal strengthening, 170
Solid- solid phase transition, shape
memory alloy, 425
Solid solution
alum structure, 369-376
definition, 373
hardening, definition, 170, 484
impurities, 174
limited substitution, 62
preparation, 63(lab), 181, 374
radiochemistry, 62
substitutional, 483
unlimited substitution, 62
with zinc blende structure, 218- 226
Solid state, LeChatelier's principle, 280
Solid-state concentration cell, 257- 269
Solid state model kit, commercial supplier,
489
Solid-state phase changes, 33, 277, 280
Solid-state structure and properties, 361-368
Solid-state structure software,
MacMolecule, 140
Solid-state synthesis
examples, 331- 334
chemical vapor deposition, 340
chemical vapor methods, 338- 345
molecular beam epitaxy (MBE), 342
precursor techniques, 334- 336
Solvents
in synthesis of solids in liquid media,
336- 338
influence on reactivity, 336(demo)
Soot blank, 345
Sound barrier, atomic motion, 166(demo)
Sound of metals due to atomic motion, 166
Specific heat
and molar heat capacity, 26- 27(demo)
definition, 356f
formula for calculation, 356-357
Specific heat capacity, definition, 483
Spectroscopy
F-center, 180- 182



indirect evidence for the existence of

atoms, 15

of defects, 176- 183
Sphalerite

definition, 483

structure, 119, 120f

unit cell, 316f

zinc blende structure, 215
Spin states of electrons, unpaired versus

paired, 28f
Spodumene, linear silicate, 131
Sputtering, definition, 483
Square packing

and coordination number, 99, 364f

packing efficiency, 99

sketch, 98f
SQUID (superconducting quantum

interference device), 313, 484
Steel, formation, 170- 171
STM, See Scanning tunneling microscope

and Scanning tunneling microscopy
Stoichiometry

definition, 49

extended structures, 49

indirect evidence for the existence of

atoms, 15
Stress

definition, 290

metal deformation, 159- 160
Structure

determination with diffraction data,

77- 9%

review articles, 497- 499

software for visualization, 55
Structure and composition, definition, 2
Substitutional defect in crystals, 161f
Substitutional solid solutions, 60, 61f, 62- 63
Substitutional stoichiometry, 59- 63, 484
Sulfides with variable stoichiometry, 64t
Sulfuric acid, autoionization, 251
Superconducting magnets, 305, 314
Superconducting motors, 313
Superconducting state, 301, 309
Superconducting Super Collider (SSC), 314
Superconductivity

ceramics, 302- 303

discovery, 301, 431

effect of oxygen vacancies, 312

mechanism, 309- 310

Meissner effect, 301

metals, 302

theory, 309
Superconductor(s)

applications, 313- 315, 432
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by alteration of perovskite structure,
129f
ceramic superconductors, 312t
commercial supplier, 494
loss of electrical resistance, 437
properties, 10, 303- 308, 310- 312, 436-437
resistivity, 303, 304f
types, 304

1-2-3 Superconductor
discovery, 303
effect of oxygen content, 311
similarity to perovskites, 311
structure, 311- 312
synthesis and properties, 303(lab)
See also YBayCuz07.

Supercooling during solid-state phase
changes, 280- 281
Superelasticity, definition, 290
Superheating during solid-state phase
changes, 280- 281
Supersaturation, 281
Surfaces
review articles, 503- 504
study by STM, 20- 21
Surfactant, definition, 484
Synthesis and processing, definition, 2
Synthesis of materials, 329- 352
Synthetic reactions in liquids, 336- 338

T
Talc, structure, 132, 134f
Teaching scanning tunneling microscope,
488
Temperature
effect of autoionization equilibrium
constant, 244
effect on band gap, 224
effect on carrier concentration, 244
effect on compensation temperature, 460
effect on Cooper pairs, 310
effect on electrical conductivity, 196
effect on emission of LEDs, 223-
224(demo)
effect on equilibrium, 278- 281
effect on magnetic properties, 460
effect on molar heat capacity, 25
effect on resistivity, 196, 198, 210- 211
Tempering, 172(demo), 173(demo)
Tensile stress, 291
Tension, 291f
Ternary solid solutions, 62
Tesla coil, use in F-center production, 178,
179f
Tetraethyl silicate
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acid- versus base-catalyzed
polymerization, 464-465
sol- gel process, 466-467
Tetrahedra, 110- 111(demo), 130, 142, 490
Tetrahedral crystals, 110(demo)
Tetrahedral holes, 117- 121, 122f, 484
Tetrahedral molecules, bonding and
geometry, 206- 209
Tetrahedral solids, band formation, 206-
209
Tetraiodomethane, thermal instability, 109
The Three Hands, sculpture using memory
metal, 300
Theory of superconductivity, 309
Thermal conduction, definition, 200
Thermal conductivity
ceramic materials, 212
classroom demonstration, 200-
201(demo), 202f(demo)
definition, 484
diamond, 212
metals, 200- 203
values, 203t
Thermal energy, 355
Thermal spray coating, 12, 484
Thermochromicity, CupoHgly, 441
Thermodynamic electrochemical potential
and pH, 253
Thermodynamics
indirect evidence for the existence of
atoms, 15
review articles, 499- 500
Thermoluminescence
definition, 182, 484
from F-centers, 182- 183(demo)
Thin films
applications, 12
preparation, 340
role in control of interfaces, 10
Time-division multiplexing, 345
Tin
solvent for synthesis, 338
sound due to atomic motion, 166
a-Tin
band gap, 213
phase transformation, 280
b-Tin, phase transformation, 280
Tin disease, 280
Titanium, packing, 98
Tooth enamel, 62
Total materials cycle, 5, 6f
Transition metal(s), review articles, 502
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Transition metal hydrides, variable
stoichiometry, 64
Transition metal oxides, variable
stoichiometry, 63
Translation of unit cell, 50, 51f
Transmittance, definition, 419
Tridymite, 136
Tunability of physical properties,
importance in semiconductor industry,
59
Tunable band gaps, 218- 226
Tungsten
body-centered cubic structure, 56
resistivity, 196
use in STM tips, 19
Tungsten bronze, structure, 415
Tungsten trioxide
color variation with composition, 415,
416f
hydrogen insertion, 413-417
structure, 415f
Tunneling
definition, 18, 485
gquantum mechanical phenomenon, 16
Tunneling current
as a function of horizontal probe tip
position, 17f
detection, 20
probe of interatomic separation, 18
Two-dimensional packing, 98- 102
Type | superconductors, 304, 307
Type Il superconductors, 304, 307

U
Undoped semiconductors, Fermi level, 254f
Unit cell(s)
basis of stoichiometry, 50- 59
body-centered cubic structure, 56
commercial supplier, 490
contents, 363, 364f
definition, 50, 485
determination by X-ray diffraction,
390-391
face-centered cubic structure, 56- 57
metallic elements, 56
number of atoms per cell, 52
packing efficiency, 99, 366
shapes, 52, 53f
simple cubic packing, 55, 102f
stoichiometry of solid compounds, 58
three dimensions, 50, 55
translation, 50
two dimensions, 50, 51f, 365
YBasCuz07. y, 432, 433f
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Unit cell parameter, variation with
composition for garnets, 460

Unpaired electrons, magnetic effects, 28

Uranium ore, removal of radium, 62

V
Vacancy
definition, 485
demonstration, 165(demo)
schematic representation, 161f
Vacuum evaporation equipment for thin
film deposition, 340f
Valence band
definition, 485
formation in diamond, 207, 208f, 209f
Van der Waals forces, definition, 485
Vanadium, body-centered cubic structure,
56
Variable stoichiometry, 63- 65, 485
Variant, definition, 485
Vegard's law, 218
Vermiculite
layered structures, 133
X-ray powder diffraction pattern, 387f
von Laue, Maxwell, 78
Vortices, 304

W
Water
autoionization, 241- 243
carrier concentration, 192
cooling curves, 201(lab)
free energy versus temperature and
pressure, 320f
similarity to gallium, 279
specific heat, 359
Weak acids, deep donor analogy, 252
Weak bases, deep acceptor analogy, 252
White tin, 280
Work-hardened metal, density of
dislocations, 167
Work hardening
demonstration, 169(demo)
description, 167
model, 167, 168f
Wu, M. K., Jr., superconducting oxides,
303
Wurtzite
compounds exhibiting structure, 146
definition, 485
structure, 119, 120f

X
X-ray, definition, 390
X-ray analysis of solid, 385-393
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X-ray crystallography, use in structure
determination, 390
X-ray diffraction
layered materials, 133(lab)
solids, 372
use to probe crystalline structure, 390
versus optical transform, 78f
with optical transform slide, 87(lab)
X-ray powder diffraction pattern
biotite, 388f
chlorite, 391f
KBr, 389f
KCI, 389f
layered silicate, 391f
MoS,, 388f
muscovite, 387f
vermiculite, 387f
X-ray powder diffraction study of magnetic
garnets, 457
X-ray powder diffractometer, schematic
diagram, 392f
X-ray source, copper, 392
Xenon atoms, positioning by STM, 22
Xerogels, 465, 467

Y

YBapCuz07, formation by alteration of
perovskite structure, 129f
YBasCuz07.
discovery of superconductivity, 303
electrical resistance, 431f
oxidation states, 310
preparation, 333- 334, 432, 433f
properties, 429-438
representation as fused octahedra, 130f
structure, 435-436
synthesis, 310
unit cell, 432, 433f
See also 1-2-3 Superconductor
Yttrium iron garnet
magnetic properties, 335(1ab)
preparation, 334- 335, 338

Z

Zeolite(s)

definition, 485

ion exchange, 346
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Zinc aluminum spinel, preparation, 335
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compounds exhibiting structure, 146
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solid solutions, 62, 218- 226
stoichiometry, 367
structure, 119, 120f, 407

561

Zinc sulfide, preparation by chemical
vapor transport, 339

Zirconium phosphate layered solid,
formation, 347f

Zone refining, 348, 485

ZrO»
ionic conductor, 269
oxygen sensor, 270f
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