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isotopes, 32-33, 34-35, 427
Lewis symbol, 157

mass spectrum, 33, 33
molar mass, 7§

nanotubes, 214, 215

phase diagram, 213-214, 214

questions regarding, 246aq
sinigle bond, 187
triple boad, 187
Carban-11,422
Carbon-12, 33, 33, 34, 35, 424-42¢
Carbon-13, 33, 35
Carbon-14, 33
beta decay of. 419
emission of gamma radianon and decay
of, 420
formation of, 410
half-life of, 423424, 425¢
radiocarban dating, 416417, 424-425, 442
Carbon atom
hybridization of, 201, 204
structure of, 220
Carbon dating, 416417, 442
Carbon dinxide,
in air, 113, 113¢e
chemieal bonds, 42
combustion of gasoline and emission of, 98
s compressed gus, M460-246dq
dissolution in water, 361
dry ice, 22223
as greenhouse yus, §7
nuass, 122-123
Maxwell-Boltzmann dismriburion, 130, 730
removal from ges. 127-128
from sodfum bicarbonate and hydrachloric
scid, 126-127
van der Waals constant, 134¢
Carben dioxide capture, 211dq
Carbon dioxide scrubbery, | lleg
Carbon disulfide, 246cq
Carbon fiber, 214
Carbon fiber composites, 26
Carbon monaside, 268
combustion of octane and, 93, 93-94, 94
Carbon sequestration, §7-89, §7k
Carbon tetrachloride, 246bg
Carbanates, 32¢, 700
Carbonation, 343, 373-374, 374
Carbon-carbon bonds, 187, 187¢
Carbon-carbon double band, 50

" Carbonie acid, 371¢

Carboxylic acids, 51,51t
Cumlli::?o

Camot cycle, 263, 283-284
Catalywis, 333-335, 330, 339fq
molecular perspective of, 334-335
process engincering and, 33§
Catalyst poisons, 33%hq
Camlysts, 40, 333k
chemical equilibrium and, §64
cifeet on equilibrium, 364
hewrogeneaus, 333-334, 333k
homogencous, 133-334, 333k
Ziegler-Natta, 240
Canalytic convereers, 109, 335-334, 739
Cathode, 385k ’
in lithium-ion battery, 412413, 473
standard reduction potentials and, 391, 792
Cathodic protection, 194, 304k
Cations, 36k, 54
commaon, 51t
formanion, in ioaic bonding, 181, 18]-184,
183,211

metals and, 45
transition metals and, 47, 47
Caustic soda, 23, 24
ccp structures. Ser Cubic close-packed strocnires
Cell adhesion, 179
Cell notation, 385, 3183k
Cell potendal, 387k, 388-10
carmoson and, 387~ I8N
description of, 387
equilibrium and, 396-308
equilibrivum constanty and, 397-398
free encegy and, 396-397
measuning of, IN8-301, 390
nonstandard conditions, 394-396
questions regarding, 414+ 4dg
standard reduction porentialy, 391-394,
V1K, 391 592
Celsing seale, 15, 16, 16
Cement
Portland, 341-342, 341k, 347
Cestum- 137, H21qg -
Cerium, radivactive isotopes, H42e-fy
CFCs Ser Chlorofluorocarbong
Chain reaction, 433, 433, 433k
Chain termination, 239
Chalcapyrite, 111cq
Chapman, Sydncy, 104
Chapman cycle, 304, 304, 304k, 309, 320-330,
33231
Charge, 408-409
Charge-to-mass ratio, 73
Charles, Jicques, 119
Charles’s law, 119k
Chart of the nuclides, 426, 426-427, $20k. 442
Chemical bonds, 3842, 38k, 212, 246
biomedical applications, 178-179, 200.211.
211ag. 21 ey
band encrgy, 183k
band length, 185k
band polarity, 188191, 197, 211, 2115-21 Ihq
chemical reacoons, 1R5-186
covilent bands, 40, 41-42, 31k 184 |Rs,
184k 211, 21 1aq
duavp' tion of, 4042
double bood, 187k
clestronegativity, 188, 149, 21 13-21 Iy
energy and, |84-165, 159185, 1861, 267-268
hydrogen bonding, 231-233, 233
hydrogen bonds, 246
mtermoleculur forces, 228-233, 220k 244
lonie bonds, 4041, 40k, 47, 42,179-184,
211, 211aq
Lewis structures, 191-197, 211, 2 Iy
metallic bonds, 40, 3,41k, #2
in metaly, 221-223, 222
molecular strucrure and, 186-1488
octet rule, 186-187
arbital overlap and, 195-200, 198k, 199, 21 1kq
pi bonds, 199, 199k, 209
polur honds, 189k
resonanes, |96-197, 197
sigima bonds, 199, 190k 200
single hond, 187
in solids, 221-228, 244
wriple hond, 187k, 188
valence hond moded, 199-200
valence electrons anl, 166
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Chemieal ealeulations. See wbo Stoichiomerry
Avogadro's number, 79-80
dilution, §6-57
emptrical and molecular formulas, 39
molar mass, 79-87
molanry, $4-586
mole ratio, 78k, 95-99, 04
moles, 80-87
ratios, 14-22,95-09
STP conditions, 127-128
Chemical changes, 7-4
Chemical dynamies, 330
Chemical encryy, 252k
Chemical equations, 62k Sev adm Chemnical
eqquililiniuny Chemical resction:
Storchiometry
aueois reactions, 71-71
balancitg, 63-68, 66-68, 6, Y4-99
interpreting, 77
winle rato, 7Rk
mole ratios fram halanced, Y5-99, %6
molecubir equation, 72k
et jonic equation, 73k
questions reganding, $%a-8%hg
reversing, 331352
total ionic equation, T3k
two-way arrow, 74
unbalanced, 64
62-63
Chermical equilibrivm, 340-379
acacds and bases, 368-374, 369k, 370k, 379,
3794-370¢q
adjusting stoichiometry of, 352-353
catalysts and, 364
common wan effect, 167308, 367k
concentration changes and, 339-364
concrete, 341-343, 376-378, 17%q, 7%
dynamic equifibrium, 345k, 379
electrochemistry, 397-39R
hritn concentrations, 354-359,
379k-37%q
cqguilibrinm constants, 347-354, 347k, 3¢1,
353354, 379, 37%-37%q
equilibrinm expression, 347-348, 347k,
350351, 379
forward reacnony, 343-343
free energy and, 374-174, 375, 179, 170
gas phase equilibria, 348-349
heterogencons equilibenm, $44-350, 349k
hoim equilibirium, 349-350, 340k
LeChatelier’s principle, 339364, 330k,
179, 3709
mathematical relationships, 346-347
molar eoncentrations, reliability of using, 368
molar solubility, 365-367, 365k
pressure changes and, 361-362
rate huws and, 346-347
reactant changes and, 359-361
roverse reactions, 343345
roversing the chemical equation, 351-352
solubility equilibria, 364-3068, 379dq
solubility product constant, 364-165, 165k 379
temperature changes and, 363364
Chemical formulas, 39k
description of, 3940
quesnons regarding, §%3-80hq
ruley for, 3940

Chemical kinetics, 302-339
sctivation energy, 323k 328
Arrhenius behavior, 324-329
catalysis, $33-335, 339, 130fg
differential rate law, 309-313, 309k, 319,
3393-339cq
half-lite, 320-322 320k
integrated rare laws, 313-22, 314k, 339,
§300-330ey
order of the reaction, 310, 310k
oronedepletion, 502, 303-305, 305, 339q
of rufioacrive decay, 422425
rate constant, J10-311
rate-determining step, 3322333, 332k
reaction mechanisms, 329-333, 330k, 339,
339e-339ig
reaction rates, 303-300, Wak, 339-33%q
temperature and, 322-329, 339, 3300q
wropaspheric azone, $35-338, 33943 10gq
Chemical nomenclature, $1-55, 52k 5§
tanary compoundy, $2-55, 52¢
cavalent canpounds, 52-33
ionic compounds, 53-35, 54¢
Chemieal properties, Sk
Chemical reactions, 185-186. See adw Chenical
equations; Chemical eyuilibrinm: Chemi-
cal kinetics; Thermodynamics
nciid-bave reactions, 73-77
sctivated complex, 323-324
uctivation encrgy, 323, 3123k, 32§
addiion polymerization, 2358, 238k, 230
sddition reactions, 50
aqueous solutions, 63, 6777
Arrhenius hehavior, 324-320
Avogadro’ number, 77-T8, 89
cutalysi, 333-335, 339, 339/
chentical bonds, 185156
eondensation polymernization, 240-242
depolymerization, 289, 296207
clementary, 330-332, 330¢
endothermic, 263Kk, 279, 363, 364t
exathermic, 203k, 323, 363, Jode
firstsorder, 315-317, 315k, §16-3/7
formation resctions, 268, 271274
forward and reverse roactions, 343345
free encrgy anid, 295297, 205¢
Ralf-reactions, 382-384_ 414
heat und, 267-268
heat of reaction, 267, 268, 264-273
lmulvin’ grases, 126128
wrevermhle, 295
lisniting reactants, 99103
mole, BO-R7
neutralization, 73
order of, 310, 310k
oxidanon-reducnon, 382-388, 414
percentige yields, 104-108
photochemcal rescoon, 63, 114
polymerization (Ser Polymenzation)
precipitation, 75-77, 349-350, 352
rate-determmng step, 332-333, 332k
rates of reactites, 305309, 306k, $39-3303y
reaction mechanisam, 329-333 330k, 339,
339c-339fq
reversing, 351-152
sccond-order, 317320, 317k
shile resctions, 104

ty, 281281
stoichiometry (See Stoichiometryh
STV condioons, 127128
theoretical vield, 104-108
ttration, 106-107, 107
wero-onder, 314-315, 314k 515

Chemical vapor deposition (CVD)
Chemistry
as “central science,” 4
conceptual problems, 22-23
as empinical science, 10,27
inorganic. 4647, 46k, 58 by
interplay with engmeenng, 2
macroscopie perspective, 4-6, u
microscopic (particulare)
64,27
models, 12-13, 12 27
numbers and messurcmenty, 13-19
ulservations, 10-11,
organic, 46k, 47-51, 58
prohlem solving in, 19-25
symbalic perspective, 4k
wymbaolic represenzauon, Y, 9
visualization in, 23-25
Chlorute, $4¢, 70t
Chloride ion, 37t
Chlorides, 70t
Chlorine, 43, 4647
stosnic weight, 15, 36¢
jonization energy, 172t
wans, 36
isatopes, 35, Sikg
oxyanions, 34, 54¢
Chlorine gas, reaction with phosphers
wichlonide, 357-338
Chilarite, 54¢
Chlarocthylene, 111:2q
Chlarofiuorocarhans, 111fg, 1395, 192-19,
302,322,333
Chlarophyll, B%q
Chromate ion, 72
Chromiwm, 1 le=111fg, 150, 173, 306-397
Cinnabar, 37%q
Climmate change, carbon sequestration s,
7-8Y
Close-packed wrracrures, 216, 216
Caoal, 249, 2751
Cumating, rate of, 411
Cobalt-60), 442kq :
Coherent light, 179k
Cohesion, 237k
*Cold packs,” 278cq
Collivion encrgy. 327, 325, 329
Collision geamerry, 3M
Color of lighe, 143
Cambustian, Sk, 156
of gasoline, 98, 99100, 105,252
heaw of, 268
of hydrocarbans, 93,274
incomplete, of alkines, 91
limting reactant, 94100
of methane, 64, Y3-96, 267. 270
of ocrane, 93-9%
percentage yield, 108
of propune, 64-66
Common 1on effect, 367, 367308, 367k
Compound nucleus, 430-431, 430k
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Compound(s), 3842, 39k 58, 59, See abw
Chemical nomenclatire; Moleenles
bimary, 32,52k
chemical bonding, 39, 4042
covalent, 52-55
fluorinie (See Fluorine compaunds)
o (SeeTomic compoundy)
Computer chips, 438
Concentration
chemical equifibrmam and changes in, 350-364
dilution, R6-87
molarity, 84-86
rate laws, 309-313
of sulutions, 69k
Caneeproal chemistey problems, 22-23
Concrete, 304
bendable, 376-378
weathering and produstion of, 341-343, 322,
373-374
Comdensanion, 344, 344345
ol water, 264t
Candensation polymers, 240, 240-242, 240k
Candensed phases, 215-221, Ser abin Liquic(s);
Solid(s)
Comducton bamd, 224k, 225
Conductivity, 23-224
Conjugate acid, 170k
Conjugate ackl-hase pairs, 370k
Conjugate base, 370k
Conszrvation of energy, 233-255, 278
yuestions reganding, 27832780y
Conservation of maner, 63k
Constructive interference, 198
Contuct process, 37%q
Control rods, 434, 434k
Control sulweations, 276, 277
Coordinanion number, 219, 219k
Copolyiners, 242, 242-243, 242k
aleernating, 242, 242k
block, 242, 242k
praft, 242, 242k
randim, 242
Copper, S8aq, 78, 8%q
in galvanic cell. 392
silver nitrate reacton with, 47, 383384
silver plating atd, 407
apeciic heat, 258¢
Copper-64, 442Mg
Copper chlaeide, 110. 110
Copper plating, 409
Copper sulfate, squeous solutions of, 89
Copper(T) ion, 52¢
Copper(ll) jon, 52t
Copper(ll) sulface, 384
Core clectrony, 166k
Caren stover, §6
Caorrosian, 5, 38/, 3181k, 414
crevice, 382k
deseription of, I81-382
vlecrroplanng and, 407
malvanic, 382k, IKT-3R8, 392-393
prevention of, 394, 407
rust, J¥0
space program and, 381
uniform, 382k, 387388
Commic rays, 416417, 410k, 44244
Coulomb potenial, 156

Coulomb (uniy, 32
Coulombs law, 37, 37k, 154,427
Covalent bonds, 4142, 41k, 184k 211
description of, 184188, 211
* octet rule, 1H6-1K7
polar, 189190
questions reganding, 211aq
in silicon-based polymers, 46
Covalent compounds, naming, §2-33
Crevice corrosion, 382k
Criteria pollugants, 114k
Critical mass, 433k
Cross-links, 243244
Cryolite, 24, 1 1 Ldq. 404
Crypmmendiol, 53
Crystal structure
coordmnanon nomber, 219, 219k
packing efficiency, 215-217, 215k, 216-217
periodic table and. 219-220, 220
third law af thcmmdymuua 289
Cryatalline palyethylene, 2032
Crystalline solids, 246
Cubiic close-packed structires, 216, 217
Cubie lattice, 217
Cumene, #%dq
Curie (i), 422k
Curingity rover, 140
Clurrent, 08409
Cyanide, S2e. 407
Cyamde solunons, 411
Cyberattacks, clecrical grd and, 277
Cybersecurity, 277
Cyclohexane, 301gq

D

d block, 168
d orbaral, 139, 161, 161102
Dhacron, 244 241
Daltan, John, 124
Dalron's law of parual pressures, 124k
Daughter, in radivactive decay, 418
DT, degradation of, 339%q
Decane, 92¢
Decay
positron, 421
radioactive (Ser Radioactive decay)
Decay constant, 423Kk
Decay hear, 434k
Decay series. 427, 427, 427k
Deductive ressoning. 11412, 11k
Degree of polymerization, 239k
Delta symbol, 254
Detuarium, 27eq
Dendrochronology, 414
Density, 5k, 25¢
s function of stomic number, 43, 43
periodic table and, 4344, 44
variationg in, 173
Depolymerization. 289, 296207
Dermved umits, 15
Desorption, 134 J
Destructive interference, 198
Deutesium, 436
Diwmond
crystal structure of, 219-220, 220
physieal properties of, 213
structure of, 213-214

Diatomic axygen, 304
Diborane, $%q, 102
Richlorofluoromethane, 192-193
Diesel fuel, snergy density of, 2751
Diethyl echer, 511, 301eq
Diethylaluminum chlonde, 40
Differential rate law, 309-313, 00k, 339,
3394-139%xq
Diffracton, 155k
Digesnon (aluminum ore), 24
Dilute, 69
Dilution, 8687, 86k
Dimensional analysis, 20k
Dimethyl terephthalate (DM, 280, 250
3 6-Dhmethylphenol, 49-50
2 2-Dimethyipropane, 91
Dinitrogen monaxide, 57
Dinitrogen pentoxide, 53, 308
decomponition of, 331-332, 339y
Dinitrogen rettoxide, 55, 359, 360, 361, 362,
36k, 365
Dinitrogen trinside, 57
Dipale, 189
Dipole moment, 229
Dipale-dipole forces, 230, 230, 246
Dispersion forces, 228210, 228k 229, 244
Dissociation, 71
of hydrochlonic acid, 74
of sodivm hydmxde, 74
of strong acd, 73-74
of strong base, 73-74
Dissociation reaction, 71k
Dissobving. 69, Ser alss Solutions
Distance units, 14¢
Distnbution function, 129-1 50, 129k
Distribution substation, 276, 276
Disulfur dichloride, 111dg
DNA, hydrogen honds in, 231
Danor level, 225k
Doping, 225, 225, 225k, 246dq
Dase
uhsarhed, 430k, 340
cquivalent, 439k, 440¢
measuring radiation, 439340, 4400
Dosumercr, 439, 439, 430k

Double bonds, 157k, 208

delivery, molecular scale engineenng for,
209-211, 21 ey
Dry cell, 399
we, 22-23
Ductile, 221k
Duoctile material, 377
Dynamic cquilibeam, 235k, M5k 379

Farth, interactiony of human seciery with, 3
FCC See Enginesred comentitivas composites
Economic growth, encrgy use and, 245, 22¥
Economics of recycling, 297301, 301eq
Edison, Thomas, 404

Effective nuclesr charge, 168-145, 1edk
Einstein, Albert, 149

Einsteink 428420, 442

Elastic modulis, 25h, 25¢

Elasnoty, of polymers, 144

Elestric charge, 32, 37, 5§

Electric current unit, 14¢
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Electric fisld, 143, 144
Electric potental, direction of, 390, 390
Electric power plant, 266
Electrical conductivity, metals and, 41
Electrical encregy, 252
Electrical grid, 275-278, 275k, 276, 278¢q
Electnaty production, 266, 266-267
encrgy wie and, 249-250
Electrochemical series, 191
Electrochemistry, 380-414, 385k Ser alio
Oxidation-reduction reactions
batreries (Ser Hatreries)
cell potential (See Cell potential)
chemical equilibeium and
corrosion (See Corrosion)
electrolysis (See Elcctrolysis)
clectmmonive force, 357k
equilibrium constants, 397-10%, 19§
Faraday constant, 395k
gatlvanic cell, 154, 384187, 385k, 414aq
galvanic carcosion (Ser Galvanic corrosion)
half-reacnions, 382-384, 383k, 414
Nemst equation, 3%4-395 103k
oxidation-reduction reactions, 382-384,
IRk, 414, 4142
stancard hydrogen clectrode, 389, 389-390, 189%
stamdard reduction potential, 391-394,
191k 191t
Electrodes, 385k
Electrolysis, 8, 8, 4034407, 405k, 414
active, 405k, 406407
aluminum refming, $05-406, 406
deseription of, 404405
electroplating, 406407, 407, 407k
nasses of substances used in calculations,
9410
passive, 405406, 405k
polarity and, 405,405
questions reganding, +14d—414eq
smichiometry and, 408410, 414eq
Electrolytes, 71k, 72
Elecrromagmetic spectram, 143-152, 143k, 176aq
Electromative foree, 387, 387k
Idectron affinicy, 171173, 171k, 173
jon formartion and, 179, 181
Electron capturc, 42 1k
Electron configuration, 165, 163k, 176
arhitals, 163165
penodic table and, 167168
guestions regarding, 1760-176cq
rules for determining, 165167
Electron density plots, 162
Electron pairs, 211
molecular shape and, 203¢, 205-206¢

mass, 12
m metallic bonding, 41
orbitls, 155, 159-165
Pauli exclusion principle, 163k
in quantum moxlel of stom, 155, 15§
spin paired, 163k
spin quantum number, 163
valence, 166k
Electroplating, 394, 406407, 407k
flash, 408

Elemenit number 126,430

Elemental analyss, 82-84, R2k

Elementary steps, 330-332, 330k, 330¢

Flements, 6k. See alw Periodic table
atomic symboly, 33-34, 34¢
isotopes, 12-33, 32k
representative (main group), 44k
superheavy, 430

EME Ser Electromonve force

Empirical formuls, 39k

Endothermic resctions, 263k, 279, 363, 164t

Energenes of nuclear reactions, 428-430

Energy

sctivanon, 323, 323k, 28, 329

hatteries (See Batterion)

binding. 150-151, 150k

biofuels, 61, 62

chemical, 252k

chemical bonds and, 184185, 184185,
267-268,278

conservation, 253-255, 278, 278s-278kq

conversion, 235, 256¢, 278

defining, 251-253

efficiencies, 255, 256, 256¢

electrical, 252

first law of thermodynamies, 255, 278

forms, 252

free (See Free encrgy)

fucls, 91-94, 108-109

heat and work, 252, 278

internal, 251-252, 251k

wmization, 170, 170-171, 170k, 172¢

kinetic (See Kinetic energy)

latnce, 183k

mechanical, 252

nuelear, 252

photon, 150

potential, 156-157 (See abo Potential energy)

questions regarding, 278aq

radiant, 252

resonance and, 197

second law of thermodynamics, 287-289

stolchiometry and, 271275

thermochemical equation, 267-268

l:.nglnncmd cementitious composites, 377, 377

Enthulpy, 262-268, 263k, 278
bonds and energy, 267-268
defining, 262-263
AH of phase changes, 263-266
heat of reaction, 267, 268
questions regarding, 278bq
sponmancous processes and, 283
vaparization and electricity production, 265
266-267
Enthalpy change, 278
Enthalpy diagram, 269k, 270
Enthalpy of formanon
enthalpy change for chemical reaction and,
271,271-2712
Enthalpy-driven processes, 293k
Entropy, 283-287, 283k
changes, in processes, 286-287, 202, 202¢
definiton, 285-286, 301
description of, 283, 283-284
questions regarding, 301b-301cq
second law of thermodynamics, 287-289,
287k, I01eq
third law of thermodynamics, 289-291,
289k, 200, 301c-301dq
Entropy-driven processes, 293k
Environmental Prowetion Agency, 112,114,
135,336
EOR. Ser Enhanced ail recovery
Equations
Arthenins, 324, 324-325, 324k, 327
chemical (See Chemical equations)
Einstein’s, 428-429, 442
empirical, 39
molecular, 72k
net ionic, 73k
Schridinger, 155-158
thermochemical, 267-268
wal fonie, 73k
van der Waals, 133,139
Equilibriom, dynamic, 235k. Ser alio Chemical
uilibrium

oy

Equilibrivm calculations, 338-3359

Equilibrium cancentrations, 354-359,
379b-37%q

FEquilibrium constants, 347-354, 347k,
348-349, 351, 353-354, 379, 37%-37%kq,
397-398, 39§

Equilibritm espression, 147-34K, 347k,
350-351,379

Electron sea model, 42, 222, 222, 222b, 246 third law of thermodynamics, 280-291 Equivalent dose, 439k, 440
Electron valt (unit), 4+16 transformation, 253-255, 27Ha-278by Error
Electronegatmry, 158-190, 188k, 211a-21 kg units, 15,253 random, 10k
Electronegutivity values, 188, 149 waste, 255, 2546, 256t systematic, 10=11, 10k
Flectron(s), 31, 11k, 38 Energy density, 61,275, 275k, 275t Ester linkage, 240
binding energy, 150-151 in batteries, 403 Erching, 245, 245k
in Bobr model, 154155, 155 Energy economy, 247k Ethane, 72¢, 235t
honding pair, 204 Energy use Ethanol, 51, 51¢, 81, 89aq, 246cq
chemical bonds, 4041, 41 cnergy sources, 249 a5 gasoline additive, 109
configuration (Ser Electron configuration) questions regarding, 778aq heat of formation of, 272-273
care, 166k LS, production and consumption, 248-251, producton, 59
excited stawe, 135k 249-250 Ethers, $1t
lome pair, 204 world economy and, 2¢4¥-249, 248251 Ethyl group, 40
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Ethylene, STt
formulas, 19, 39
polymerization of, 5537, 56
structural formula, 5§
Ethylenc glycol, 290
in PET synthesss, 280, 250
Europium., 58dq, 24daq
Evaporanon, 344, 344345
Excited state, 155k
Exothermic reactions, 263k, 23, 363, 364¢
Esplosives, 72
Exposure, radiation, 439k 440¢

F

Shlock, 167
Face-centered cubic strucure, 216k, 277, 219
Factor-label method, 20k
Fahrenher scale, 15-16, 16
Faraday, Michael, 395
Faraday constant, 395k
Fatty scidds, $42¢
fee structure. Ser Faco-centered cubie structure
Feedstock chemicals, 81-82
Feedstock recycling, 280
Fermi level, 224
Ferrous metals, 34
Film-badges, 439, 439
First law aof thermodynamics, 255k, 278
First-order integrated rate law, 315-317,
16317
First-order reaction, $15-317, 315k, 316-317
half-life, 320321
radinactive decay, 321
Fission, 420k, 430, 431-433, H2cH2dq
Flash clectroplating, 408
Fluoreseence, 142-143
Fluoride lon, 37¢, 182
Fluondes, 70t
Fluorine, 43, 301gq
combined with hydrogen, 43
clectronegativity of, 188189, 159
reaction with nitrogen dioxide, 31%hq
reaction with xenon, 339gq
Fluorine-18, 425t 442fq
Fluorine compounds
bond palarity, 188, 189190
chlorofluorocarbons, 111f, 139§, 192193,
W2, 322 333
Freon-12, 111d, 111, 322
PTFE, 186,2
Teflon, 186
Fluarine-fuarine band, (87
Flux, 406
Fly ash, 131-342
Force, coulombie, 37, 77
Formaldehyde, 51 66, 93
bailing poing, 235¢
burming of, 67-68
Formation reactions, 268k
Hesos law and, 277, 271-273
Farmic acid, 339hq, 371t
Formulu unit, 41k
Forward reactions, 143-345
Fossil fucls, 249-250, 249-251
carbon flow and combuston of, £7, §8
energy densitics of, 275, 275¢
Fourier Teansform Infrared spectrometer, 147

Free energy, 301, 301eq
cell potentials and, 396-397
chemical equilibeium and, 374-376, 375,
379, 37%q
chemical reactions and, 295-297, 295¢
Gibbe, 291-295, 201k, 301, 301dg
nonstandard condinons, 375-376
spantancous change and, 291204
standard Gibbs, 295-296, 205¢
work and, 294295
Free radical mechanisum, addition polymeriza-
tion and, 237§
ree endicals, 550, 437
Freszing point of water, 264¢
Freon-12, 111dq, 111fq, 322
Frequency, 143k, 143-144
Frequency factor, 324k, 327
FTIR. See Fourler Transform Infrared
spectrometer
Fuel additives, 108-109, 108k
Fuel rods, 433k, 434, 434
Fuel(s), 91-94. See wiss Gasoline
altermative, |08<100
enesgy density, 275, 275¢
hydrocarbans, S1k, 91k, 93, 108, 274
oxygenated, 109k
percentage yichd, 105
rocket, 102103
as source of volatile organic chemicaly, 114
Fuels cells, 40304, 401k
Fukushima Daiichi power plant, 434,
+Hlcg
Fuller, Buckminster, 213
Fullerenes, 213
Functinnal groups, 50-51, 50b, S1c
Fusion, 264¢, 429k 430, $36-437, 442e442dq

G
GABA. See Glamma sminobutanoic ack
Gallium, 58, $8aq, 227, 301cq
Gallium-68, +42fq
Gallium assenide, 228
Galvani, Luigi, 385
Galvanic colls, 384-385, 345, 385k, 4l4aq
atomie pesspective on, 386-387
terminology for, 385-386
Galvanie corrosion, 382k, 387388
origin of, 392-391
Galvanized stecl, 394k
Gamma aminobutancic acid, Seq
Gamma decay, 420
Gamma rays, 417k, 415, 418k, 438
Garbage patches, in oceans, 300, 300
Gas law, 119123, 13%a-130kq
Avogatlro’s law, 119k
Bayles law, 119k, 139
Charles’s law, 119k, 139
Dalton'’y law of partial 124k
wdeal, 122-123, 126, 132, 133, 139
in terms of mass, 13%q
Gias phase equilibria, 348-349 E
Gas sensors, 135-139, 130dq
Ciasles), 6k 112139
aromic structure in, 7, 7
chemical reactions of, 126-128
effect of change in pressure on equilibrium
with presence of, 361-362

s phase equilibria, 348-349
ideal gas law, 122-123, 126,132, 133, 139
kinctic-molecular theary, 126-135, 128k,
139, 139¢-1 3%q
LeChatelier’ principle, 358-363
Maxwell-Bolrzmann distribution, 130k, 131
noble, 44k
paruial pressure, 123-126, 124k, 130kq
phass changes, 263-266, 264t
peessure and, 116-119, 139, 13%q
propermes, 115-1106
rave, 44k
sensors for, 135-139, 1 3dq
stoichiometry of reactions imvolving,
126-128, 139k-139cq
STP condinans, 127-12§
transitions among solids, liguids, snd, 264
umivernal gas constant, 115-116k, 139
van der Waals constants, 133, 1 34¢
vin der Waals equation, 133k, 139
i writing chemical equations, 64-66
Gasoline, 9194, |08
addinves 1o, 108, 108109
combustion of, U8, 99-100, 105,
111cq, 252
corttposiuon of, 91
energy density of, 275¢
lead in, 108-109
octane, Y1-94
questions regarding, 111q
reformmlated, 109k
GDE See Gross domestic product
Geckos, 246dg
Geiger counter/Geiger-Mueller tmbe, 430,
439, §39%
Generating station, 270, 276
Geological injection, £
Germamum, 226
Giilibs, |, Willard, 291
Gibibs frec energy, 201-295, 201k,
301, 301dq
Gluconic acid, 371¢
Glucose, 89iq
Gluons, 424
Glutnmic acid, 50, 50-81
Glycine, 240
Gold, 259
eightoen-carar, 84
electrolysis and, 410
Gold- 198, 442kq
Goldschimide process, 111eg
Graft copolymer, 242, 242k
Gram (wut), 78
Graphene, 233
Graphite, 213
in alkaline battery, 399
applications, 214
erystal structure of, 219221, 227
diamond production and, 214
meermoleculir forces, 232233 233
Gray (unit), +0¢
Giross domestic produet, energy use and,
248, 24¥
Ground state, 1535k
Group | cations, 70t
Groups (periadic tahle), 4334, 43k
Guldberg, Cato Muximilian, 347
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H
Haber privcess, 339aq, 330hq
Half-life, 320-322_ 3520k 423k
radicactive isotopes, 425t
Half-reacnion equilibrium, 386
Halfereactions, 382-384, 383k, 414
standand reduction potentialy snd,
391-392,391¢
IHalides, 52¢
Hall, Charles Martn, 12, 406
Hall-Heroult process, 406, 406
Halogens, 44k, 54
hep. Se¢ Hexagonal close-packing
HDPE. See High-density polyethylene
Health effects, of radistion exposure, 438, 47§
Heat, 252,252k, 278, See ado T hermodynamics
calarimerry, 257, 260-262, 27!
chemical renctions and, 267-268
electricity production and, 266-247
enthalpy, 262-268
secand law of thermodynamics, 2§87-289
wpecific, 238¢
work and, 287-288
Heat capacity, 257-260 3
molar, 257k, 258¢, 259
Questions reganting, 278bq
Heat flow, 278
enthalpy, 262-263
phase changes, 263-266, 264¢
Hear of combustion, 268, 272
Heat of formation, 268k, 272-273
Heat of fusion, 264
Heat of nevtralization, 268
Heat of reaceion, 267k, 268, 278:q
Hews's law and, 269-273
Heat of vaporization, 264
Heisenherg, Werner, 161
Helhum, 121, 1342, 135-139
Helium atom, 165
Helivm-neon laser, 1760q
Hehmont, Jan Raprist von, 894
Hematite, 111eq, 396
Hemoglobin, 8%¢q
Hemolysis, 190
Heprane, 92¢, 246cq
Hepronic acid, 371¢
Heroaly, Paul, 406
Hess’s law, 269, 269-271, 269h
formation reactions and, 27/, 271271
fquestions regarding, 2780q
Heterogensous caalysts, $33-334, 333k
Heterogencous equilibrium, 342-350, 349k
Hexagonal close-packing, 216, 217, 210
Hexamethylenodiamine, 240
Hexang, 92¢, 336
High-demsity polyethylenc, 29, 57k, 239, 209¢
High-level nuclear waste, 434433
Hindenburyg airship, §
Homogeneous catalyses, 33 3-334, 133k
Humogencous equilibrium, 349-350, 340k
Hund' rule, 165-167, 165k
Fiytirid orbiraly, 200-201, 201k 21 kg
Hybridization, 200b, 201
Hydrates, 40k
Hydraulic fluids, 246dq
Hydrarine, 106, 11 1eq, $14fq

Hydriodic acid, 74¢
Hydrobromic acul, 74¢
Hydrocarbons, 51k, 91k, 108. Ser aim Gasoline
combustion of, 93, 274
Hydrochlonc acid, 74x, 100, 111fq, 126-127
dilution caleulation, 86
Hydmcyanic acid, T4¢, 371¢
Hydrofluoric acid, 74t 371t 379dq
in MEMS, 245_245%
Hydrogen, 44
tomie t, 3ot
energy dendity of, 275¢
fuel cells and, 404
isotopes, 436
penodic table and, 43
reaction with axygen, 63, 64, 77,97
van der Waals constant, 134¢
Hydrogen-3,425¢
Hydrogen atam, 165
atomic spectra, 153-154
wave functions for, 160t
Hydrogen azide, 211dg
Hydrogen bonding, 231-233, 273, 246
in water molecules, 266-267
Hydrogen bromade, 3391
Hydrogen carbonate, 52¢
Hydrogen cyanide, 89dq, 362
Hydrogen fluoride
chemical bonds in, 231
van der Waals constan, 1 i4¢
Hydrogen gus
electric discharye applied w, 152, 152-153
production of, 111k
reaction with lodine gas, 355-357
Hydrogen iodide, 339gq
Hydrogen bon, 72, 73, 353
Hydrogen molecule, covalent bond in, 198
Hydrogen orhitals, radial prohability funcrion
of, 164, 164163
Hydrogen peronde, 330kq, 3394-3397q
Hydrogen sulfate jons, $12
Hydrogen-hydrogen bond, 157
Hydranium ion, $2t
Hydroxide, 52t 70¢
Hydroxide wons, 74, 351
Hydroxy radicals, 325
Hydroxyupatite, 188
Hydruyearboxylic acid, 3421
bis~(2-Hydroxyethyl) eerephhalate, in PET
synthess, 280, 250
Hydroxyl radical, 437
Hypochlorite, $4¢

1
lee

eltmg, 293

spectfic heat, 258e
Ideal gas equation, 133135
Ideal gay law, 122-123, 126, 132, 133, 139
Inches of mereury, 118
Inchicator, 106-107, 106k
Indluced dipole, 229
Inductive reasoning, 11-12, 11k
Inerr guses, 44
Infrared radiation, 146, 146, 147
Infrared spectroscopy, 147

Ingress of carbonared zone, 374

Initiatar, 40

Injection, &%

Inorganic acids, 371t

Inorganic chemistry, 4647, 46k, 58

Insoluble, 70k

Instantancous dipole, 220

Instntancous dipole-induced dipole forces.

228-230

Instantaneous rate, 308-309, 308k, 309

Insulators, 224k
band energy diagram, 224, 224

Integrated rae laws, 313-322, 314k, 339
fist-order, 315-317, 317
questions regarding, 339¢-33%q
second-order, 317-320
zerv-arder, 314-315

Interference, 198, 19§

Intermolecular forces, 228-233, 228k, 246
dipole-dipole furces, 230, 230
tispermon forces, 228-230, 228k, 229
hydrogen bonding, 231-233, 233
questions , 246hq

[nternal energy, 251-252, 251k

International System of Units (Systéme Interna-

rumale d'Unirés, ST), 13, 14, 15¢

International Union of Pure and Applicd

Chemintry (TUPAC), 36

Interstellar hydrogen clouds, 13%cq

lodides, 70e

lodine, 301fq

Todine-131, 425¢, 440431
decay of, 422-423, 423

lodine gas, reaction with hydrogen gas,

155-357

lon exchange, 58kq

lon propulsion engine, 176dq

lomic bonding, 179-184, 211, 21 1aq
anion formation, 181, 1R1-184, 183, 211
cation formation, 179-180,211
questions regarding, 211ag

lonic bonds, 4041, 40k, 41, 42, 179-180

Tonic compounds, 41, 4/

lanization energy, 170, 170-171, 170k, 172¢
jonic bonding and, 179-180

lonization gauge, 137, 137, 138, 176dq

lonizing power, 442

lonizing radiation, 437438, 434

lon(s), 33, 36-38, 36k, 58
Coulomby law, 37
monatomic, 36k, 37t
polyutomic, 36k
properties, 38
spectatar, 73k

IR spectroscopy, 147

Iridium, 246q

Iridium-192, 4428

Iron, 44, 78
catians, 47, 54
in galvanic cell, 392
1on farmation, 180
mass of, 26
rusting of, 187, 38§

[ron-52, 442fq

Iran-53, 442fg

Iron(11), 54, 11 1eq

Iron(11) chloride, 47
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Iron(IT) jon, $2¢

Iron(IT) nitrate, 89fg
Trond111), 54

Iron(111) chloride, 47
Tron(I11) jon, 52¢

Iron(11) axide, 382
lron-platinum, 212
Irreversible change, 295k
Isobutane, 235¢

Isobutene, 101-102
lsocyanic scid, 11 1eq
Isoelectronic, 211kg
Isamers, 48, 91, 91k
Isatactic polymer, 219, 240k
Isotsctic polypropylenc, 239
lsotapes, 32-33, 32k
Isotopic sbundances, 33k
ITER, 436-437

J
Joule (unit), 15, 253k

K

K capture, 421k

“K shell,” 421

Kelvin scale, 15, 16, 16
Rankine scale and, 122

Kelvin (umit), 14¢

Kennedy Space Center, 381

Kerosene, 275¢

Ketones, 51t

Kevlar, 57, 241

Kilobyte, 14

Kilogram (unit), 14¢

Kilometer (unit), 14

Kilowatt-hour (unit), 278k, 409

Kinetic energy, 251, 251k
Schrodinger equanon and, 156

Kinetic-molecular theory of gases, 128-133,

128k, 130, 139¢-13%q, 322-324

postilates of the model, 128131
real gases and limications of, 132, 132-133

Kinetics. See Chemical kinetics

K-radiation, 162

Krypron, 166

Krypton-42, 431

L

Lambert, Frank, 301
Lanthanides, 44k
Laser welding, 176dq
Lasers, 155, 173176, 173k, 176cq
Latnice, 4041, 40k
Lattice encrgy, 183k
Law of conservation of mass, 12
Law of conservation of matrer, 63k
Law of partial pressures, 124k
Laws, 12k
Laws of thermodynanics
first law, 255k, 278
second law, 287-289, 287k, 301cq
third law, 289-291, 289k, 290, 301e-301dq
LDPE. See Low-density polyethylenc
Lead, in gasoline, 108-109
Lead nitrate, 76
Lead selenide manocrystals, 21 1dq
Lead storage batteny, 402, 402403, 402k, 403¢

LeChatelier, Henri Louis, 359
LeChateliers principle, 359-364, 359k, 379
effoct of catalyse on equilibrivm. 364
effect of change in pressure on equilibrium
when gases are present, 361-362
effect of change in reactant or uct con-
centration on equilibrium, 359-361, 360c
effect of change in wmperature on equilib-
rinm, 363-364, 364¢
questions regarding, 37%q
LEDs, Ser Light-emitting diodes
Lewis, G.N,, 186
Lewis dot symbol, 186-187, 186k, 187
Lewis structures, 187k, 191197, 211, 21 1kq
resonance hybrid, 196k
VSEPR theory, 202k, 208, 211
Light
coherent, 174k
electromagnetic spectrum, 143-132, 143k
frequency/wavelength relationship, 143, 144
modern sources of, 173-176, 176cq
monochramatic, 174k
particulate nature of, 148-152
photoclecrnic effect, 198, 148k, 149
phatons, 149-151, 149k
refraction, 145-146, 145k, 146
visible, 143k, 146
wive nature of, 143147
wave<particle duality, 149k, 176
Light intensity, unit of, 14¢
Light-emittng diodes, 155, 173-176, 173k,
174, 175, 176cq
organic, 175, 175
Lignosalfonare, 342¢
Limestane, 301eq, 341
decomposition of, 347
Limiting reactants, 99, 99-103, %9k
questions regarding. 111a-111bq
Line structure, 48-49, 48k, 50
Linear molecule, 203, 206¢
Linear polyethylene, 56, 54, 57
Liquids, 6b, 7, 7
Liquid(s), 6b, 233-237
atomic structure my, 7, 7
bailing point, 235-236, 215¢
phase changes, 263-266, 264t
yuestiong regarding, 2460-2460q
surfuce tension, 236-237, 236k, 257
transitions among solids, gases, -
and, 264
vapar pressure, 233-235, 234, 2
235¢, 236
Lithtum, 36¢
Lithivm atams, 163
bonding in row of, 223
Lathium batteries, 400, 00, 400k, 403¢
Lithium hydroxide, 74t
Lithium jon, 37¢
Lithium niobare, 211dq
Lithiutm-jon batteries, 412-413, 412k, 413
London farces, 228-230, See alsm Dispersion
forces
Lanc pairs, 187k, 204, 205-206¢
Law-density polyethylene, 57k, 239, 209¢
Lowry, Thomas, 369
L-radiation, 162
Lubricants, 233

Macromolecules, 30
Macroscapic perspective, 46, 4k, 27
Madelung constant, 183
Magic numbers, 430, 430k
Magnesire, 88
Magnesium, 80dq, 139cq

1on formation, 180

Wmnization energy, 171, 172t
Magnesium carbonate, |11y, 139fq
Magnesiom fluonide, 379dq
Magnesium hydroxide, 364-365, 367
Magnesinm ion, 37t, §2¢
Magnesium mirride, 111kq
Magnesium oxide, 75
Magnesinm salts, 342¢
Mugnetic field, 143, 144
Magnetic quantum number, 158k
Magnetic resonance imagmg, 163,430
Magnetite, 396
Main group clements, 44k, 4647
Malleability, 5k
Malleable, 221k
Mandelic acid, §9%cq

Manganese, 173, 246aq
axides of, 301h

Mangunese(I11), 400
Manganese(IV) oxide, 399-400
Mask, 245
Masking, 245
Mass
conservation of, 12
conversion to moles, B0-81, §2-84
molar, 78k, 79-57, 89, 96-97
unit of, 14t
Mass action expression, 347-348
Mass defect, 428k
Mass density, 5k, 2122
Mass number, 32k
Mass spectromcter, 32, 33, 138-110
Mass spectrum, 32
Material selection, 25-26
Mazerials science, Ser ala Polymier(s)
buckminsterfullerene, 213
fullerene, 213
nanotbes, 214k, 275
Mathematical reladonships, in chemical
equilibemm, 346-347
Marrer, 4k
chemical properties, Sk
interaction with radanon, 437244,
S H4leg
law of conservation of, 63k
phases of, 6-5, 6k
physical properties, 5k
Matter-antimarner, 421
Maxwell-Boltrmann diseribation, 130, 1 0k
131,285, 286, 323
Mean free path, 132k

Measurement
pressare, JI17, 117118
questions 27a-28hq

significant figures, 16-18, 17k
units, 13-16, 14¢ 15t
Mechanical eneriry, 252
Medical imaging methods, 440242 442¢q
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Mehing of ice. 203
- MEMS, Se Micro-clectrieal-mechunical

syt )
Mendeleey, Dmim, 4243
Meniscus, 237, 257
* Mercury, $8aq, 75, 176k, 176¢q
in barometer, 117-118

M:rmry(ll) thiocyanate, 139fq
porous lll‘cl udm m-ll", .’l”
Mcxnhulhm. 140
Metal axde semiconductor fichl effect
transistor, 227
Metal oxides, 398

Metallic banding, 40, 41, 41k, 42
band theary, 222-223
questions regarding, 246a-240bg
sea of electrons model, 222, 222

Metilloids, 4546, 45k

Metalls), 4546, 45k
allali, 4k
allaline earth, 44k
band energy diagrun, 224, 224
band structurs, 223-224
bonding in, 41, 221-223, 222
crystal structure, 220
clectromegativity, 188, 189
Fermi level, 224
ferrous, 34
formation of smons, 181, 187
impurities i, Y
malleability of, §
in periodic table, 47, 47
phwsical propertics, 221
squestions reganling, 246a-246bq
transition, 44k, 4647

Merer (unin), 14, 14¢

Methane, 92¢, 111eq
in Andrussow process, 352, 158

Microwaves, 146, 146
Millimeters of (omic), 1IN
Muodeds, 1213, 12k, 27, 27aq
Molar concentration, 83k
relishility of using, 368
Molar hest cupacity, 257k, 258¢, 259
Molar mass, 78k, 89
calculatings using, SO-87
determimng, 79-80
staichiometry and, 96, V608
Molar solubility, 365-367, 365k
Molanty, -84, $5k
Muole fracdan, 124k
Mole ranos, TRk, 95-99, 95k, 111
Malecular equstions, 72k
Molecular furmulas, 39k
Molecular models. Ser alm Molecular shape
VSEPR thoory, 202k, 208,211
Molecuiar perspective, of catalyss, 334-335
Maolecular scale engineering, for drug delivery,
200-211, 211eq
Malecular shape, 202-200, 202k, 203, 2031,
205-206¢, 21 1cq
Moleculur structure, 186-188
Maleculusey, 330, 330¢
Molecules, 6k, 28, 39k
chemical formmlas, 3940, 30k
clemental analys, 82-84 82k
forces between (Sev Intermolecular forces)
temperature effects, 322-123
Mole(n), 14¢, 77k, 78, 89
cilculations nsing, HU-87
convendon to mass, S0-H1, 82-84
convermon to molecules, 80-82
deseription of, 77-78
Questiogs regaeding, B9-8%q
stoichiomerry and, 275, 274
Maonatomic jone, 36k, 37, 37t

Neopentane
batling pom, 235¢
Neptunium-237, 42fq
Nernst equation, 394-395, 394k
Net Jonie equarion, 73k
Neutralization, 75, 75k
hests of, 268
Neutrino, 419, 421
Neutron, 31k
Neurron numbers, 430
Neutron-proton ratio, 427
Newlamds, John, 42
Newron (unit), 118
Nickel, 26, 3011g
Nickel alloy, 84
Nickel tetracarhonyl, 139cq
Nickel-metl-hydride battenes, 401, 401k,
402, 405t
Nicotine, 8%
Nitrates, $2¢, 70¢
Nitric acid, 74¢. 89dq, 89¢q. 11 1aq. 139iq
w MEMS, 245, 245
Nitric onde, 274, 337
Nitride ion, 37¢
Nitrites, 70t
Nitromaline, 82-831
Nitrogen, 211dq
i air, 113-114, 115
atomnic weight, 36t
binary compounds with onygen, 52, 53
electronegativity of, 188
wonization energy, 170, 172c
reaction with oxygen, 274
van der Waals constant, 134¢
Nimrogen-14,417
Nitrogen cyele, 211dq
Nimrogen dionade, 53, 13Y%¢q, 339hq
dir pollution and, 114, 115, 337

combustion of, 64, 93-96, 267, 270, 01d naming, 34 concentration of reaction change, effect on
conventon to mcthanol, $75-376 Maonochromatic light, 174k equilibrinm, 359, 366
encrgy density of, 2751 Monomers, 30k pressure change, effect an equilibrium, 361, 362
Lewis serucruee of, 200 M feam ghon reaction with fluonine, 33Vhq
production of, 301q Muntresl Protocol, 302, 333 temperiture change, ¢ffect an equililinum,
van der Waals consany, 134t Morphine, 370eq 363, 363
Methanol, 51, 11 1ky, 232 MOSFET. See Metal oxlile semiconductor field — Nitrogen molecale, 199
bailing point, 235¢ cffect transistor Nitrogen monoxiide, §3
cambustion of, 301cq Mot protble speed, 131k Nitrogen oxides, 334, 334
conversion to methane g, 375-176 MRL Ser Magnetic resonunce maging air pollution and, 114-115, 115
in PET synthesis, 280, 240 MSN. See Mesoporons silica particlos Nitroglycerine, 278¢
peoducton of MTBE and, 101-102 MTBE (nethyl-rere-buy! ethers, 101-102, Nitrony! chloride, 37%q
Methanotrophy, 379kq 108, 109, 111q Nitroay] fluotide, 208
Method of continuous variation, 109-110 Murphys law, 301a Nitrops onde, decomposinon of, 3135, 317,
- Methyl chloride, 51 “Musr” 27cq 318-110
Methyl cyanoacryhate, 89d-89¢q, 21 1oy Noble gases, 4k, 166,430
Methyl ethyl ketone, $1¢ . N Node, 161k
Methyl fluonide, 232 Naming chemical compounds. See Chemical Nonane, 92t
Methyl group, 239, 230240 nomenclatare Nonarmmment area, 114k
Methyl micthucrylite, 48 Nanomachines, | Nondestruetive testing, 141-142, 141k
polymenzation of, |R7-188, 26%, 206-297 Nanometer (unit), 20 Nonelectrolytes, 71k
Methylamine, S1t, 74t Nanoscale canveyor bele, Nanjonizing radiation, 437414
2-Methylburane, 91 Nanotechnology, 213 Nonmetals, 45-46, 45k
Microactuatar, 240cq Ninorabes, 214k, 215 Nonstandard condirions, 394-396
Micro-electrical-mechanical systema, 244-246,  + Nupoleon, 3 Normal bailing poing, 235-236, 235k, 235¢
243k Narches Teace Parkway Bridge, 340 Noryl, 49
Microfabrication, chemistry of, 244-246 Natta, Giulio, 240 Notation
Microscopie (particulato) porspective, 4k, 69,27 Natural gus, 249,251 ball-and-stick model, 7
Microstate, 285286, 285h, 286 Neon, 176 Lewas structures, 191-197, 211
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line structure, 4849, 48k, 50
space-filling model, 47
n-type semiconductors, 226k, 246dq
Nuclear binding encrygy, 428429, 428k
Nuclear chemstry, 415442
carhon dating, 416417, 442
cosmic rays, 416-417, 416k, 4423q
Einstein equation, 428-429, 442
fission, 431431, 433, 442c-442dq
fusion, 433, 436437, 442c-442dq
interacton of radistion and matier, 437440,
H2d-442eqy
medical fmaging methods, 440-342, 442¢q
nuclear reactions, 416k, 428430, 442, 4424
42k, 442cq
nuclear reactors, 433434, 434
nuclear stability, 426-428, 442k-441cq
nuclear waste, 434416, 435
radioactive decay, 416417, 416k, 417425,
442, 442kq
radioactivity, 417425, 442, #42a442kq
transmutation, 430431, 430k,
HM2e-4424dq
Nuclear encryy, 252
Nuclear fission, 429k, 430, 431433, 442
+2dq
Nucloar fusion, 429k, 430, 436437, 442¢c—
#2dq
Nuclear reactions, 63, 416k
binding energy, 428430, 428k, 429
description of, 416
energenics of, 428430
equations for, 428429
magic mumbers, 430
yuestions reganding, 442cq
summary of, 442
Nuclear reactors, 433-434, 434, 442dq
Nuclear shells, 430
Nuclear stability, 426428, 442k—442cq
Nuclear waste, 434-436
Nuclear Waste Policy Act, 435
Nucleus, 31, 31k
compound, 430, 430431
Nuclide(x), 417k, 426 i
chart of the, 426, 426427, 426k, 442
Numbers
questions regarding, 27s-28bq
rounding, 17
scientific notation, 16-18, 16k
Nylan, 240, 24|
Nvlon-6, 246¢q

o

Olbservations
deseription of, 27
interpreting, 11-12
yuestions regarding, 273
significant figures, 16-18
uncertainty in, 10-11
Oceans, garbage patches in, 300, 300
Octahedral molecule, 203¢, 2060
Ocrane, Y2¢t, 93, 13%¢q, 278fq
combustion of, 93, 93-94_ 94 111ag
energy density of, 275¢
molecular structure of, Y2¢
Octane number, 108
Oczet rule, 186-187, 186k

Oil (crude), 249
energy denuty of, 275t
Qil (heating)
energy density of, 275¢
OLEDs. See Organic light-cmitting diodes
Olivine, 88
Operator, 155k
Orbit, atomie, 31, 37
Orbital energies, 163165
Orhital hybridization, 200, 207
Orbital overlap, 198-200, 1981, 199
chemical bonds, 198-200
pi band, 199, 199
sigma honds, 199, 199
Orhiral(s), 155k, 159 See alo Atomic
structure
antibanding molecular, 223k
aufbau principle, 165167
bonding maolecular, 223k
d, 159, 161, 161-162
electron vons, 163-165
Hund’ rule, 165-167
hybrid, 2002201, 201k, 211kq
159, 161, 161-162
ial energy and, 156-157
L 159, 161, 16]1-162
sigma bondy, 199, 199
visualizing, 160-163, J60-163, 160t
Order of reaction, 310, 310k
Organic acids, 371t
Orpganic chemistry, 46k, 47-51, 38
notation, 48
structural formula, 55
Organic halides, 51t
Organic light-emitting diodes, 175, 175
Oualite jorn, 21 leg
Ohaalic acad, 301eq
Oxidation, 3824, Ser alw Electrochemistry,
Oxidation-reddction reactions
Oxidation half-reaction, 383384
Ouxidation-reduction reactions, I82-388, 382k
414, 414aq. Ser sl Electrochemistry
clectrolysis, 404407, 405k
Faraday constant, 395k
Nernst equation, 394395, 394k
Oxide jan, 182
Oxide ores, 396

Oxyanions, 54k, 54t

gen
tnair 113114, 113t
In Andrussow process, 352, 358
ammic weight, 36¢
binary compounds with nitrogen, 52, 53
conversion of ozane to, 307, 312-313,323
distamic, 304
clectronegativity of, 188
fuel cells and, 404
iunization energy, 172t
reaction with hydrogen, 63, 63, 77,97
reaction with nitrogen gus, 274
van der Waals constang, 134¢
Oxygen-15, 425¢
Oxygen-19, $42kq
Oxygen difluorde, 191192
Oxygenate, 109k
Oxygenated fuel, 109k
Ozone, 8Ycq, 114-115, 21 1dq, 303

Chaprnan cycle, 304, 304, 304k, 309, 329~
330,332-333
canversion to oxygen, 307, 312-313, 325
destructon by chlorine radicals, 330, 333
farmation of, 332-333
photodisseciation of, by UV light, 320,
320322
 tropospheric, 335338, 339330y
Ozane depletion, 302, 303-308, 305, 306, 339
Ozane hole, 702, 304-303
Ozone layer, 303

P

¢ block, 168, 176
p orcbizal, 139, 767, 161162
Packing efficiency, 215-216, 215h, 216
Palladium alloy, 84
PAN, Ser Peroxyacetyl nitrate
Parent, in radicactive decay, 418
Part per milbon, 114k
Partial pressure, 123-126, 124k, 13%q
Dalton’s law of, 124k
s spectrometer, | 38-139
Particles, number of, 14¢
Particulate marrer, 114
Particulate (miicroscopic) perspective, 4k, 6-9, 17
Particulate nature of light, 148-152
Parts per billion (unit), 15k
Parts per million (unit), 13k
Pascal (unir), 118
Passive clectrolysis, 405406, 405k
Panli exclusion principle, 163k, 176kqg
Pegasus rocket, 90
Pentune, 92¢, 336
structural nomers of, 91
p-Pentane, 215¢
2-Pentene, 101gq
Percentage yield, 104-105, 104k, 111kq
Perchlorates, 34¢, 70t
Perchlonic and, 74¢
Periodic law, 42k
Periodic table, 4246, 58, 167, 167168, 176k-
170¢y. Ser aln Elements
anion formaton, 187, IN1-184, 143
arrangement, 4346
atomic properties, tretuds in, 168-171
atomic size and, 168-170
cation formution, | 79-180
crystal structure and, 219-220, 220
electron affimty andd, 171173
electran configueation and, 167168
clectroneganviry, 188190
omization eneryy and, 170-171, 172¢
views, 44, 45
Periodic trends, 168-173, 1760y
Periodicity, 42k
Periods, 4344, 43k
Peroxides, 238
Peroxyacetyl nitrate. 33%dg
PET. See Poly(ethylene wercphthalare);
Positron emission tomography
Petagrams (Pg), 88
Petroleum distillates, 336, 337t
pH scile, 372, 372
Phase changes, 263-266, 2
heat of fusion, 264
heat of vaportzation, 264




Phase diagram, 213k
for carbon, 213-214, 214
Phases, of matter, 6-8, 6K. See wlso Ganles);
Liquidisy; Phase changes; Salid(s)
Phenanthroling, 111eq
Phenolphthalein, 343, 3437
Phenols, 51t
Phenyienediamine, 240
Phosgenes, 111aq
Phosphate, 52t
Phosphate jons
Lewits strucrure of, 193-194
reaction with hvdrogen ions, 353
Phosphates, 70t
Phosphoric acid, 74t 111e<111dg
Phosphorus, 227, 101e, 33%hq
elemental, 111ky
Phosphorus pentachloride, 357-358
Phosphorus michlorude, 337355
Phoocathode, 148
Photochemical ¢ 63k, 114k
Photochemical smog, 334, 335-337,
135k, 339gq
Phowelecmic effecr, 148, 148k, 149,
176y, 176dgq
- Photons, 149151, 149k
gamta Jecay and, 420
Photosynthesis, biomass and, 60-61, 41
Physical changes, 7-8
Physical properties, Sk
Pi bonds, 199, 199k, 209
Picloram, $3%c-339dq
Pigments, 244
Pimenc acidy, 342¢
Planek, Max, 149
Planck’y constant, 149, 17 6cg
Plasma, 6
Plasticizers, 244, 337¢
Plastics, recyeling, 279, 280-281, 287,
298-300, 299¢
achvanced, 289
depolymerization, 289, 206-207
econoatics of, 297-301
entropy and, 298
yuesuons regarding, 301ag
Plexigias, 48, 283
Plutonium-239, 442eq
I"M. See Particulate matter
PMMA._ Ser Poly(methyl methacrylate)
p-n junction, 227, 227k
Polar bond, 189k
Polar coordinates, 160
Polar covalent bonding, 189-1%0
Polarity, 179k
electrolysis and, 405, 405
Polaruzahility, 229k
Pallutants. See ado Alr pollution
criteria, | 4K
debmed, 112
Pulanium, 296aq
Palaninm-210, +2dq
Polyatomic fons, 36k
naming, 54
Polybutadiene, 58kq
Polyethylene, $5-57, 56
branched, 56, 56, 57
“erystalline, 203204

dispersion forees in solids of, 229
empirical formula, 39
high-density, 57
lincar, 56, 54, 57
low-density, 57
muolecular structure of, 30, 30
production, $5-56
questions regarding, 3011-301gg
ulrea-high molccular weight, 57
uses of, 57
Poly(ethylene wrephthalare)
industrial sypthesis, 240
250, 297, 29%
Polymer hackhone, 0k
Polymerization
addition, 23¥, 238k, 240
condensation, 240-242
degree of, 23%
entropy and, 287
thermodynamics of, 200-291
Polymer(s), 29, 2031, 20k, 90, 237-244, 246
addition, 238, 238-240
additives to, 244
atactic, 239, 240k
condensation, 240, 240-242, 240k
copolymers, 242, 242243
covalent bonds and, 42
cross-linking, 243-244
jons and, 38
sotactic, 239, 240k
physical properties of, 243-144
spuestions regarding, S8ag, 2460
silicon-hased, 46
syndintactic, 239, 240k
synthests and recycling, 287
thermal properties of, 243
thermoplastic, 243, 241k
thermosctting, 243, 243k
Poly{methyl methacrylate)
bone cement und, 179
formation of, 187-188, 288
recycling/depolymerization of, 289, 206-297
in spontancous process, 283
stractural formula, 48
Poly{phenylene axide), 49
Polypropylene, 239, 290¢
Polystyrene, 29, 240, 244dg, 290t
Poly(tetrafluorocthylens), 186, 294
Polyurethane, $8¢q
Paly(vingl aleuhol), 194
Poly(vinyl aleobol) fibes, 377, 377
Polg(vinyl chloride), 29, 30, 30-11, 244, 200y
formula, 39
Poly{vinylidene chloride), 30, 31
formula, 39
Poly(vinylpyrralidone), 50
Portland coment, 141-342,_ 341k, 347
Poxitron, 418k
Positran decay, 421
Positron emission, 421, 421422
Positron emission tomography, 440, 447
Potassium acctate, 75
Patassium chlorate, 70
Patassiom hydroxide, 74¢, 399
combined with acetic acid, 7%
Porassium ton, 37¢, 52¢, 72
Potassitnm permanganate, 70, 1111q, 1391g

Porential encrygy

anton formanon and, 182

descripuion of, 251, 251k

Schrixinger equation and, 156-157
Power distribution, 275-278, 278¢q
Precpitanon reaction, 75-77, 75k, 76, 344

350,352

Precision, 10k, 71
Preczpanential lscor, 324k, 327
Prefixes

Groek, 52t
SEsystem, 13, 15t
Pressure, 13%q
atmospheric, 116, 116
chemical equitibrivm and changes in, 361362
defined, 116k
effeet of change In on équilibrium, 361-362
gan bawy, 1192123, 1392-139kq
gases and, 116-117, 116-119, 139
measuring, /17, 117118, 135-136, 136
partial (See Parnal presvore)
units, | 18-119
Pressure sensory, | 3%dq
Primary cells, 109401, 109k, 4011, 414
Primary standards, 114k
Priminve cubne, 217
Principal guantum number, 158k
Probability, spontaneouns change and, 284,
284285
Prollem solving, in chemistry and engineering,
19-25, 27k-27cq
Proces engineering, 335
Products, 62k
effeer of change in on equilibrivm,
359-361, 360¢
Propane, 42, 8Ycq, 11 1eq, 139y,
246c-246dq, 33%eq
boiling point of, 235¢
cormbustion of, 64-66
energy denwity of, 275t
heat of combustion of, 272
molecular structure of, 92¢
Propanoic acid, 37 1¢
2-Propanol, 81-82
Protctinium-234, 420
Prowcins, as polymers, 46
Protons, 111, 58
FTFE. Ser Poly(tetrafinorocthylene)
prtype semiconductors, 226, 226k, 246dq
Putrescine, 89%¢q
PVC. Ser Polytvinyl chlonde)
PVework (presare-volume work), 252k
Pyridine, 89dq
Pyrophoric, 3014
Pyrrule, 89dq

Q
Quulity sssurance, trace analyss and, 141
Quality factor, 440k
Quuntitauve information. 13
Quanuized, 154k
Quantum mechanical model of atom,
155163, 1 76kq
Quantum numbers, 157-160, 157k, 159
Quantum theary
sufbian prinaple, 165-167, 165k
Humd's rule, 165167, 165k




orbitals, 155k, 156-157, 159, 160163, 160¢,

161-163
quantum oumbers, 157-160, 157k
Sehrodinger equarion, 155-158, 155k
uncertainty principle, 161k
Quarks, 32, 428

Radial probhility function, {64
Radiant energy, 252
Radiation
background, 439k
detection methods, 438-439
dene meursinents, 439440
expostire, 430k, 440t
gamma, 417k, 415, 418k, 43K
imaging uses of, 430441
interaction with matter, 437440,
Hid-442eq
fonizing and penetrating power of,
437438, 442
Radiation absotbed dose (md), 440t
Radio wave radiation, 146, 148
Radiactive decay, 416-418, 416k, 442kq
alpha decay, 418-419, 418k
heta decay, 419-420, 419k
gamima decay, 420
kinetics of, 422425
Radwactive motopes, 33
half-lives, 425t
modical uses of, 440-442
Radiocarbon dating, 424425
Radivisotope thermoelectrie generator, 442fg
Radon, 437
Radon-226,4421g
Random erear, 10k
Rankine remnperature scule, 16, 122
Rare gases, 44k
Rato constants, 310311
for reactions in atmespheric chemistry, 336¢
second-order, 313%q
Rate laws, 309-313
chemiesl equilibrivm and, 346347
determmation of, 311-313
differential, 309313, 309K 339,
310a-1309cq
integrated, 313322, 314k, 339, 3303 300q
questions reganding, 339s-33%q
Rare-determining step, 332-333, 337k
Rates of reaction, 305-309, 306k, 139-339aq
average rate, 308-309, 308k, 309
catalysis, 333335, 339, 3306q
differential rate law, 309-313, 300k, 330,

$30a-130cq

instuntancous rate, 108-300, 308k, 309

integrated rate laws, 313-322, 314k, 339,
339339y

rate constant, 310-311

rawe faws, 309313

rate-determining step, 332-333, 3320
Ratios

problem solving using, 19-22

in stoichiometry, %5-99, 96
RHEE. Seve Relative biological effectiveness
Reactants, 62k

chemical equilibrium and changes m,

150-3s1

effect of change n on equiliboum,
159-361, 36t
half-life. 320-322
limaring, 99, 99-103, %k, 11ia-111kg
Reaction mechanisms, 129-333, 330k, 339,
33963396
Rescrion quotient, 347k
Reaction rate, 305-309, 306k, 339-33%aq. See
alw Rates of reacoon
Reaction stwichiometry, See Stoichiometry
Resctions, See Chemical reactions
Reactive intermediate, 331k
Resctor core, 433k

Ressonmg

deduetive, 1112, 11k

inductive, 11-12, 11k
Rechargeable batteries, 400,401
Reclamarion, 281
Recycling, 289

advanced, 289

aluminum, 297-298

ceonamics of, 297-301, 301eq

entropy in, 287

feedstock, 289

PET, 297

plastic, 279, 280-281, 207, 208-300),

290, 301aq
Redax reactions, 382k, Ser abiv Ouxiclution -
reduction reactiony

Reduction, 382k
Reformulated gasoline, 109k
Refraction, 145-146, 145k, 144
Relative biological effectivence, 440k
Rehahility, of using malar concentrations, 368
Representative elements, 44k

Resins, 49

Resanance, 196197

Resanunee hylieil, 196k

Resanance struczures, 196-197, 196k
benzene, 197, 197
sulfur dioxide, 196197

Reverse reactions, 343-345

Reversible change, 204k

RFG. Ser Reformulated gasoline

RH chesicals, 336-337

Ruadmup ts Ackieve Delrvery Systems

Cybersecariry - 2011, 277

Rocker engine design, 102-103

Roensgen (umt), $90¢

Roat-mean-square speed, 131k

Rounding numbers, 17

RIG. See thermackoctric gencrator

Rust, 350, 381 187, 358, 397. Ser aln
Cormosion

Rutherford, Emest, 417, 418, 442¢q

S

£ block, 167, 17

s ochimal, 159, 161, 161-162
Sacrificial anodes, 194, 394k
Salicylic acid, 371¢

Sult. Ser Sodivm chloride

Salt (product of an aciil-base reaction), 75
Salt bridge, 384, 384-385, 385k
Saturated solution, 71

we lattice. See Simple cubic lattce
Seandium, 26,173

Scanning probe microscopy, 28
Schridinger equation, 155-158, 155k
Scientific method, 4, 4k 13
Scienufic notanon, 16-17, 16k
Scmtillation counter, 439
Sca of clectrnns model, 42, 222, 222, 222b, 246
Sea of instability, 426k
Seabory, Glenn, #42¢q
Seaborgium, 44209
Seaborgium-259, 425t
Sccond law of thermodynamics, 287-289,
287k, 301, 301cq
Second (unit), 14¢
Secondary cells, 399k, 401403, 403, 414
Seeondery quantum number, |58k, 159
Secondary standards, 114k
Sccond-order inregrated rate law, 317-320
Second-order rate constants, 33%q
Second-order reactions, $17-320, 317k
Secsaw molecular shape, 205t
Semicondociory, 224-228, 438
band energy diagruom, 224, 224
223,225, 225k
n-type, 220k, 246dq
p-n junction, 227k
p-type, 226, 226k, 246dq
Semimenals, 45—36, 45k
Shapes of molccules, 202-209, 203¢, 205-206¢
SHE. See Standard hydrogen clectrode
Shell, 158k
Shiclding, 164k
SI system, 13, 4, 15¢
Sidde reactions, 104k
Sievert (uni), $H0¢
Siggrma bonds, 129, 190k, 209
ficant figures, 16-18, 17k
278¢, 3014
Silicur, 4647, 3014, 339hq
atomie wetght, 36¢
dopiny, 225, 225
unization energy, 172t
isotopes, §5
Lewis symbal, 187
MEMS and, 245, 245
as sermicanductor, 225-226
wtructure of, 220
Sillcon carhide, 111bg
Silicon dinxdde, 210, 2
Silicon nitride, $%aq, 240cq, 27%-27Hiq
Silicon tetrachloride, 36, 47
Silicon-bused polymers, 46

Silver nitraze, 385

copper wire in, 3¥3, 183384
Simple cubic latice, 217, 217k
Sine waves, 144, 19
Single bond, 187
bmglcn-coteffea.ili

24,2

Swmog, 112, IH 334,335-337, 335h, 339pq
Sodium

lonization energy, 171, 172t

jons, 38
Sodium azide. 89kq, 13%q
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Sodium bicarbonate, 126-127
in Solvy process, 104-105
Sodivm carbonare, 75, 89fq -
production of, 104-108
Sodium chlaride, 41,41, 47
Sodium fluodide, 182183
Sodium hydroxide, 23, 74¢, 361
Sodium hypochlorite, 85, 106
Sodium jon, 37¢ 52¢
Sodium lamp, 176 '
Sodium sulfates, 76
Solid{x), 6k
atamnic soractare i, 7, 7
botuding i) 220, 221-228, 222-223, 246
packing efficiency, 215-217, 215k, 216-217
phase changes, 264
yuestions regarding, 246aq
strucrure, 215-221, 216-217, 246
Solid-state devices, 174, 175
Solubility
defined, 6%
mular, 365-367, 365k
ales for, 70, 70c
Soluhility equililiria, 364-368, 37%q
common ion effect, 367-368
malar solubility, 365-367
Solubility product constant (K,), 364-365,
365k, 379
Soluble, 69k
Solures, 69k
dilution, 86-87
clectrolytes, 71, 72
molarity, B354
Solutions, 69-71, 69k
concentration, (Yk
dilution, 8687
dilution formuls, 86
clectralytes, 71, 72
malarity, 84-86
saturaced, 71
stoichiometry, 105108, 104, 107,
ITk=111ecq
Salvay process, 104-105
Salvents, 6%k
Saor, 93
p ochital, 201, 201
' orbital, 201, 201, 209
' arhital, 201, 201
Space program
corrosion, 381
rocker fuel, 102-103
Space-filling model, 47
Spandex, 232
Sparingly soluble, 365k
Speaific heat, 257k, 238
Specific heat capacity, 2581
Spectatar ions, 73k
Spectra. Ser Atomic spectrs; Electromagnetic
spectrum
Speed, 129
average, 131k
Maxwell-Bolezmann distribation, 130, 130k, 131
most probahle, 131k
root«mean-square, 131k
Spin paired, 163k
Spin quantum number, 163
Spontaneous changs

free energy and, 291-204
probability and, 284, 284-2§5
Spontaneous processes, 28 1-283, 282k,
301a-301kg
enthalpy and, 283
Square planar molecule, 206¢
Square pyramidal molecale. 206t
Standard Gibbs free energy change, 295-296,
295k, 295t
mmplications for reaction, 296-297
Standard hydp electrode, 349, 389-39%0
Standard molur enthalpies, of water, 264¢
Standard molar entropy, 289-290, 289k, 28%¢
Standard reduction potentials, 391-194, 301k,
191¢, 392
measurement of, 390-391
Standard state, 268, 385-386_ 385k
Standard temperature and pressure,
127-128, 127k
State funcnon, 269k, 278
Statistical mechanics, 285k
Steel
galvanized, 394k
properties of, 25¢
Stiffoess, 25
Stimulated emission, 175
Stoichiometric cocfficients, G4k
Stotchiometry, 64k, 94-111f, 94k
adjusting, of chemical equilibrium, 352-353
of chemical reaction, sdjusting, 352-353
electrolysis and, 408-410
energy and, 273-27$
equilibrium canstant and, 347
fundamentals, 94-99, 111-111aq
limiting resctants, 99, 99103, 9%
molar mass, 96, 96-9%
percentage yields, 104-105, 104k
ratios, 9599, 94
reaction rate and, 306-308
of resctions involving gases, 126-128,
139k-139cq
solutions, 105<108, 106, 107, 111b-111cq
STP conditions, 127-128
thearetical yields, 104-105, 104k
utranon, 106-107, 106k, 107
word origin, 94
STP. See Standard temperature and pressure
Strength, of marenal, 25
String, vibrating, 157, 15§
Strong acids, 7374, 74¢
Strong bases, 73-74, 74t
Strong electrolytes, 71k
Strong foree, 428, 428k
Strantium, $8dq
Strontium hydroxide, 74t
Strontium nitrate, 13%9q
Styrene, 49, 111dg, 242
Subshells, 15%
Substrate, 245

Snlfntn 52e, :0:

Sulfide son, 37t

Sulfides, 70t

Sulfur, 78, 166
atormic welght, 36¢
clectron configuration, 167

Sulfur dionde, 111q, 379q
effect on plants, 125-126
resonance structures, 196
van der Waals constant, 134¢
Sulfur hexafluoride, 111hq
Sulfur oxides, 98, 347348
Sulfur tetrafluoride, 207
Sulfur rinxide, 278
reaction with water, 270-271
Sulfuric acid, 74¢, 111aq, 111cq, 111q, 379fq
aluminum reaction with, 111fq
conversion of corn stover and, 86
formation of, 270-271
titration of, 107-108
Superalloys, 168
Superconductors, 27hq
Superheavy elements, 430
Surface tension, 236-237, 236k, 237, 246
Surfactants, 236
Surroundings, 254k
Symbalic perspective, 4k
Symbolic representation, 9, 9
Syndiotactic polymer, 239, 240k
Syndiotactic polypropylene, 239
Syndiotactic polystyrenc, 246dq
System, 254k
Systemutic error, 10-11, 10k

T
Taconite, 89%q
Teflon, 186
Tellurium-128, +42eq
Temperature
absolute, 122k
chemical equilibrium and changes in,
363-364
chemical kinetics and, 322-329, 339, 33%q
effect of change in on equilibrium,
163-364, 363
entropy and, 287, 293
s lawes, 119, 119-123
units, 14¢, 15-16
vapor pressure and, 234, 236
Temperature scales, 15-16, 15k
Terephthalic acid, 240, 240
Termalecular seps, 330k, 330¢
Terpenes, 337t
Testing, nondestructive, 141-142, 141k
Tetracthyl lead, 108, 108-109
“letrahedral molecule, 203¢, 205t
Tetraphosphorus trisulfide, 98
Thallium, 36t
Thallium-201, 442iq
Thearctical yi:ld. 104105, 103k, 11 1kq
Theory, 12k
Thermal pollution, 255
Thermochemicul equation, 267-268, 267k
Thermochemstry, 251k
Thermocouple gauge, 136, 136-137, 13§
Thermodynamics, 172, 301, See aim Heat
delta symbal, 254
endothermic reactions, 263k, 279, 363, 364t
enthalpy (See Enthalpy)
entropy (See Entropy)
exothermic reactions, 263k, 323, 363, 364e
first law of, 255k, 278
Giibbs free energy, 291-205, 291k, 301, 301dq
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heat of reaction, 267k, 268, 264273
Hess's law, 269, 269-273, 260k, 271
of polymertration, 200-291
second liw of, 287-269, 287k 101, 301¢q
spontaneity, 281-283
thermochemical equation, 267-268
third law of, 289-291, 289k, 29, 301c-
Jtdg
Thermolysis, 280
Thermoplastic polymers, 243, 243k
Thermosetting polymers, 243, 241k
Third law of thermodynamics, 289-291, 289k
290, 301e-301dq
Thorium, 418
Thormm-232, 442hq, $42cq
Three Mile Island nuclear reactor accident,
277278
Thyrold problems, diagnosis of, 440-44|
Time, unit of, 14¢
T plaung, 410-411
Titanium, 25¢, 27cq, 173
Titanimm-45, 441442
Titration, 106107, 106k, 107
Torr (unit), 118k
Torneelli, Evangelista, 11§
Total lonie equation, 73k
Trace analysis, 141-143, 141k, 1514152, 176uy
“Transition metals, 43h, 4647
Transmission substation, 276, 276
Transmuzavion, 450431, 430k, 442c-442dq
Tricthanolamine, 342¢
“Trigonal hipyramidal molecule. 203¢, 205¢
Tnxuml planar molecale, 203, 205¢
Trigonal molecule, 204, 205¢
Triple bond, 187k

Tritium, 436, 4420

Trapospheric ozone, 335-338, 339£-339¢q
T-shape molecule, 205¢, 2068

Tungsten alloys, 168

Turnover number, 335k

Town-way arrow, 74

u
Ultra-high molecular weight polyethylene, $7k
Ulieaviolet, 146, 146
Uneermainty principle, 161k
Unifor cotrosion, 382k, 387-188
Unimolecnlar steps, 330k, 330¢
Unit cell, 216k
Uinited States
electrical grid, 275
production and consumpption of energy iy
248251, 299-270
US. Depanmment of E
Units, 13-16, 14¢, 15¢
encrgy, 251
euililicium constant and, 354
ideal gau law and, 122-123
pressute, | {8119
Universal gas constant, 115-116k, 139

207

Universe, 254k
Urunthiun, 417,428
1sotopes, SHaq
Uranium-233, 442fq
Uranium-23%5, 425¢,431. 433, 453, Hleq
Uraninm-236, 431
Uraniim 238, 418, 4250, 327, 427, 433, 442¢q
Urca, 79, 139h-139¢q

v

Valence band, 224k
Valener bond model, 198k, 199.200
Valence clectrony, 166k

atomic size and, 165109

nommetal elements, 184

Valence shell electrun pair ropulsion theory

(VSEPR theory), 202k, 204, 211

van der Waals constants, 133, 134¢
van des Waals equation, 131k, 139
van der Waals forces, 246dq
Vinadiom, 173

Vipor prossure, 233-235, 234, 2440 2158 236 44

Vaporizanon, 266-267
electricity production and, 266, 266-267
heat of, 264
of water, 264¢

Vinyl sleohal, 194196, 208200

Visible light, 143k, 146

Visuwalization, in chemistry, 23, 2325, 24

VOCs. See Volatile organic chemiculs

Volanle, 234k

Volatile anganic chemicals, 114-115, 114k, 111,

336-337, 137¢, 330¢q
‘oltanoes, sir pollution cansed by, 124-125
Volts, Alessandro, 399
Voltmerer, 385, 75§
Volume, gus laws und, 179, 119-123
Vuleanization, 244

w

Waage, Peter, 347

Washingron Manunent capstone, 3

Witz energy, 255, 256, 256t

Wiste treatment, 409

Wiater, See alie Aqueous solutions
boiling of, 7, 7-8
boiling point, 215-216, 235¢, 234
Heonsted- Lowry theory, role in, 369-370
chemical bands, 42
combustion of octane and, 93, 9304, %4
imsolumon of carbon dioxade in, 361

resction with sulfur trioside, 270-271
reaction with water, 36Y-370
specific heat, 258
symbolic represenmnon of, ¥
vart der Wials constant, 134¢
vapor pressurce of, 234, 2358, 256
Wiater moleeule, 72
Water vapor. | 13
Wzt funit, 409
Wiave function, 155k
Wave nature of light, 193147
Waselength, 143k, 144
Wave-particle dualiry, 140k, 176

© Wavels)

characteristios of, 143, 144
diffracnion of, 155
interference betwesn, 198, 198
Schridinger equation, 155-158
Weak acids, 74, 74e, 370-374
Weak bases, 74, 74¢, 370-372
Weak electrulytes, T1k
Weathering, of enncrete, 331-343, 343,
373374, 34
Whewell, William, 395
Wind farms, 247
Wood, oven dry, 275t
Work, 252, 252k, 253,278
froe energy and, 294205
hear converted 10, 257-28%
second law of thermudynamics

X

Xenon, 168
reacuon with fluoene, 33%eq
Xenon hexafluoride, 110dqg
X-ray flnorescence (XRF), 142-143, 1421 143,
TS 162, 162-163, 165
X-rays. 146, 146. 162, 163, 440

Y
Yield, of chemical reactions, 104-103,
1 H1ky
Yield strength, 25k 25t
Yoeea Mountam, nuclear waste disposal at, 435,
435, 4424y

Zz

Zerosorder rate low, 314-318
Zuro-order reaction, 314-315, 314k, 315
Ziegler, Karl, 240
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