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A

absolute temperature scale, 350-351
absolute zero, 351
acceleration of gravity, A.23t
accuracy, A.5
acetic acid (CH;COOH)
buffers, 575-576, 581-582
conjugate acid-base pairs, 540
ionization constant, 553, 554t
manufacture of, 451
titrations, 590-592
as weak acid, 144t, 145, 551-552
acid-base pairs, conjugate, 540-544
acid-base reactions, 538
autoionization of water, 545-547
gas-forming exchange, 150-151
net ionic equations for, 148—150
neutralization, 146-150, 561-566t
of salts, 146-151, 561-566
acid-base titrations, 587-594
acidic solutions, 546, 650-652, A.32t—-A.33t
acid ionization constant expressions, 550-551
acid ionization constants (K,) . See ionization constants,
acids (K,)
acidosis, 576
acids, 143. See also acid-base reactions; ionization
constants, acids (K,); specific entries, e.g. carboxolic acids,
lactic acids
Brensted-Lowry concept, 538-544
buffer solutions, 575-586
conjugate acid-base pairs, 540-544
equilibrium constants, 475t
ionization constants, 550-561, A.28t
Lewis, 566—568
organic, 544
pH scale, 547-550
properties, 143—145
solubility of salts, 597-598
solutions, 546, 650-652, A.32t—-A.33t
strengths, 145-146, 555-556
titrations, 587-594
water's role, 540
actinides, 55, 250-251
activated complex, 433
activation energies (E,), 434, 438-440, 445, 447, 449450
active sites, 449
activities, 466, 547, 703-706
activity series, metal, 159-160
actual yields, 121
addition, 45, A.6, A.9
addition, significant figures in, A.6

air, 342-343, 366-370, 380-381, 706
aklyl groups, 70-71
alcohols, 64, 505-507
aldehydes, 278-279
alkali metals, 55, 106
alkaline batteries, 670
alkaline earth metals, 55
alkaline fuel cells, 674
alkalosis, 576
alkanes, 68-71, 277-278, A.25-A.26
alkenes, 280-283, A.26-A.27
alkyl group, 70-71, A.25-A.26
alkynes, 281, A.27
allotropes, 23-24, 208, 403—405
alpha particles, 38-39, 693-696, 697, 699-700
alpha radiation, 693
alpha rays, 36-37
aluminum (Al), 7, 8t, 103, 634-635, 682
amines, 544-545
ammonia (NH;)
amines, 545
Bronsted-Lowry base, 538-539
complex ions, 567
ionization constant, 554t, 561
standard molar enthalpy of formation, 210t
structure, 64t
synthesis, 107-108, 462, 494-495
VSEPR model, 312-313
as weak base, 145, 539
ammonium ions, 74, 77
amorphous solids, 396
ampheres (A), 658
amphiprotic species, 540
amphoteric metal hydroxides, 567, 602
amplitude, 223
amu (atomic mass unit), 46
analytical chemistry, 114
Anderson, Carl, 696
angular geometries, 314
anions, 72, 76, 78, 257-258
anodes, 37, 654. See also electrochemistry
anodic inhibition, 683—684
antibonding molecular orbitals, 298
antimatter/antielectrons, 696
aqueous equilibria. See also acid-base titrations; buffers
factors affecting solubility, 597-602
precipitation, 603—604
solubility product constant, 594-597
aqueous solutions (aq), 100. See also buffer solutions;
solutions
electrolysis, 675—678
electrolytes, 82—83, 136, 527528, 654-655
ionic compounds, 136—139
molarity, 166—168
standard reduction potentials in, A.32t—A.34t
stoichiometric relationships in, /67
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titrations, 168—169

vapor pressures, 522—-524

water's role as acid or base, 540
Arrhenius, Svante, 438, 538
Arrhenius equation, 436440
Arrhenius equation defined, 438
arsenic (As), 2—4, 517
atm (standard atmosphere), 344
atmosphere, 342-343, 366-370, 706
atmospheric pressures, 380-381
atom economy, 123
atomic mass units (amu), 46, A.21
atomic nuclei, 38-39, 697-702
atomic numbers (Z), 4648, 694-700
atomic orbitals. See orbitals, atomic
atomic radii, 254-255, 256-257
atomic structures, 35-40, 697-702
atomic theory, 19-21, 100
atomic weights, 49
atoms, 19. See also orbitals, atomic

atomic/mass numbers, 4648, 694-700, A.21

Bohr model of hydrogen, 229-234

color codes, 432

economy, 123

excited state, 231-232

ground state, 230

isotopes and atomic weights, 4851, 697-700

molar mass, 5354

moles, 51-53

radii, 254-255, 256-257

sizes and units, 4043

structures, 3540, 697-702

theory, 19-21, 100

weights, 49
autocatalyzation, 486
autoionization, 545-547
automobiles, 451-452, 670-673
average reaction rates, 420
Avogadro, Amadeo, 51, 352-353
Avogadro's law, 351-353
Avogadro's number, 51-53
axial positions, 315-316
azimuthal quantum number, 238

B

background radiation, 713

Bacquerel, Henri, 36

bacteria, 486487

balanced chemical equations, 100-101
ball-and-stick models, 308—309

band of stability, 699-700

bar, 344

barometers, 344-345

base ionization constant expressions, 552—553

base ionization constants (K5). See ionization constants,

bases (Kj)

bases, 145. See also acid-base reactions; ammonia (NH3);

ionization constants, bases (K5)
Bronsted-Lowry concept, 538-544
buffer solutions, 581-585
common, 144t
conjugate acid-base pairs, 540-544
equilibrium constants, 475t
Lewis, 566568
pH scale, 547-550
properties, 145-146
salts, 562564
solutions, 546, 652—-653, A.34t
strengths, 145-146
water's role, 540
basic salts, 562—-564
basic solutions, 546, 652653, A.34t
batteries, 654-655, 669—675
Beckman, Arnold, 549
Becquerel, Antoine Henri, 693, 704
becquerels (Bq), 704
bent geometries, 314
benzene (CsHo), 8t, 294
Bergius, Friedrich, 462
beta particles, 693—-696, 699
beta radiation, 693
beta rays, 36-37
bicarbonate, 73-74
bimolecular reactions, 432, 434-436, 441-442
binary acids, 556
binary inorganic compounds, 66—67

binary molecular compounds, 66—67, 126—127, 156

binding energies (£y), 700—702
binding energy per nucleon, 701
biological periodic table, 91-92
blood, 362, 576578
Bohr, Niels, 230-233, 234, 707
Bohr model of hydrogen atom, 229-234
Bohr radius, A.23
boiler scale, 142
boiling, 380
boiling point elevations, 524-527
boiling points, 6, 381
alkanes, 68t, 69
cis-trans isomers, 282
intermolecular forces, 330, 331t, 333
noncovalent forces on, 384t
Boltzmann, Ludwig, 347, 616
Boltzmann distribution curves, 347
Boltzmann's constant, 616, A.23
bomb calorimeter, 203
bombs, 712
bond angles, 310-315
bonding electrons, 273
bonding molecular orbitals, 298

bonds, chemical, 67-68. See also covalent bonds; molecular
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structures
angles, 310-315
electronegativities, 288-290
electrons, 273
energy, 201-202
enthalpy, 201, 202, 203, 285-288, 620
hydrogen, 332-335, 505-507
ionic compounds, 74-75, 80-83
lengths, 271, 283-284
metallic, 407
molecular oribitals, 298
multiple, 278, 280-283, 321-325
orders, 299
properties, 288-290, 325-328
single, 272-278
structural formulas, 63
valence models, 318-319
Born-Haber cycle, 262-263
boron (B), 50
Bosch, Carl, 462, 494
Bose-Einstein condensate, 617
boundary surfaces, 237
Boyle, Robert, 350
Boyle's law, 349-350
branched-chain alkanes, 70-71, 277
brine, 678—679
Broglie, Louis de, 235
bromine (Br), 50t, 53—54
bromobenzene, 8t
bromthymol blue indicators, 550, 588
Bronsted, J.N., 538
Bronsted-Lowry acids and bases, 538—544
buckyballs (buckminsterfullerenes), 24, 404
buffer capacities, 585
buffers, 575
buffer solutions, 575
addition of acid or base, 581-582
buffer action, 575-577
buffer capacity, 585-586
pH change on addition of an acid or a base, 582—585
pH of buffer solutions, 577581
butane, 8t, 68, 70, 210t

C

cadmium (Cd), 672, 709

Calcium (Ca), 104

calcium carbonate (CaCQOs), 104, 142, 150, 210t-211, 484—
485

calculations, significant figures in, 45

calculators, A.7-A.8

calories, 179-180

calorimetries, 203-206

cancer, 714, 716

capillary action, 378

carbon (C)

allotropes, 24, 103, 210t, 403—405
energy, 634
organic compounds, 63, 67-69, 125
thermodynamics, 633-636
carbon-14 dating, 705-707
carbonates, 142, 150
carbon dioxide (CO), 64t, 116, 366-370, 392
carbonic acid (H.COs3), 150
carbon monoxide (CO), 210t, 451
carbon tetrachloride (CCly), 64t
carbonyl group, 278-279
carboxylic acids, 544-545
catalysts, 445452, 464
catalytic converters, 416
cathode-rays, 37
cathodes, 37, 654. See also electrochemistry
cathodic protection, 684
cations, 71-72, 76-78, 257-258
cell potentials, 668—669
cells, unit, 398-401
cell voltages, 658—662
celsius temperature scale, 6, 350-351, A.20, A.22
Chadwick, James, 39
changes of state. See phase changes
Charles, Jacques, 351, 352
Charles's law, 350-351, 354-357
chemical bonds. See bonds, chemical
chemical changes, 10. See also reactions, chemical
chemical compounds. See compounds, chemical
chemical elements. See elements, chemical
chemical equations, 100-101, 107-110
chemical equilibria. See equilibria, chemical
chemical formulas, 23, 25
chemical kinetics. See kinetic energies
chemical periodicity, law of, 54—55
chemical potential energy, 179
chemical properties, 11-12
chemical reactions. See reactions, chemical
chemical symbols, 21-22, 25-26
chemistry/chemists, 2, 13—14
chlor-alkali process, 678—679
chlorine (Cl), 48, 153, 678-679
cis isomers, 281
cis-trans isomerism, 282-283
Clausius-Clapeyron equation, 381-382
closest packing, 399, 400
coal, 103, 633-634
coefficients, 101
colligative properties, 522
color codes, atom, 432
combination reactions, 102—103
combined gas law, 355-357
combustion analysis, 123
combustion reactions, 100
common ion effect, 598—600, 604
complex ions, 567
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compounds, chemical, 14. See also ionic compounds;

molecular compounds
alkanes, 69-71
atomic theory, 20
biological periodic table, 91-92
gram-mole conversions, 53—54, 8485
inorganic, 63, 66—67, A.30t-A.31t
ions, 71-74, 77-79
moles (mol), 83—-86
oxidation numbers, 156
properties, 14—15
compressibility, gas, 350
concentrations, 161
calculations from rate law, 429430
cell potentials, 668—669
reaction rate effects, 422425
solutions, 161-166, 516-521
condensation, 194, 383-385
condensed formulas, 64-65
conduction bands, 407
conductors, 407
conjugate acid-base pairs, 540544
conservation of energy, law of, 182
chemical reactions, 185186
Gibbs free energy, 634-635
heat transfers, 191-192
Hess's law, 206208
phase changes, 189-191
transference of energy, 180—186
constitutional isomers, 69—71
continuous spectrum, 229
conversion factors, 8-9, A.2-A.3, A.20-A.22
conversions, gram-mole, 53—54, 84-85
cooling curves, 406
coordinate covalent bonds, 566567
copper (Cu), 8t, 48-49, 647—649
copper(Il) ions, 654-655, 660—661
core electrons, 248-249
corrosion, 682—684
coulombs (C), 37, 658
Coulomb's law, 74
covalent bonds, 271
bond properties, 283288
coordinate, 566567
disulfide bonds, 448
exceptions to octet rule, 294-297
formal charges, 290-292
Lewis structures, 272278, 292-294
molecular orbital theory, 297-302
multiple, 278-283
network solids, 403—-405
solute-solvent interactions, 508
VSEPR models, 309-315
Crick, Francis H. C., 308
critical mass, 709
critical pressure (P.), 393

critical temperature (T.), 393
Crutzen, Paul, 416

crystal lattices, 80-81, 397
crystalline solids, 396, 397403
crystallization, 386

cubic close packing, 399, 400
cubic unit cells, 398

Curie, Marie, 36, 693, 704
Curie, Pierre, 36, 693, 704
curies (Ci), 704

Curl, Robert, 25
cycloalkanes, 277-278
cysteine, 448

D
Dalton, John, 19-21, 353, 361
Dalton's atomic theory, 100
Dalton's law of partial pressures, 361-362
daughter products, 694
debye (D), 325
Debye, Peter, 326
decay, radioactive. See radioactive decay
decomposition, thermal, 104
decomposition reactions, 14, 19, 104—105
delocalized electrons, 294
densities, 6—7
crystalline solids, 399—401
electron, 237, 243-244, 277
equation for, 7
gases, 359-361
of selected substances, 8t
unit cell calculations, 403
deposition, 387388
deuterium (D), 48, 50t
dew point, 382
diamagnetics, 254
diamonds, 24, 210t, 404, 634, 635-636
diatomic elements, 53-54
diatomic molecules, 23, 298-301
dietary minerals, 92
diffraction, 228, 229
diffusion, 349
dimensional analysis, 7, 8, 9-10, A.2—-A.4
dimers, 295
dioxygen, 24

dipole-dipole attractions, 331-332. See also hydrogen bonds

dipole moments, 325, 326-327

disintegration reactions, 702—707

dispersion forces, 329-332, 386, 505-507
displacement reactions, 105-106, 159-161, 646—647
dissociations, 82, 136

disulfide bonds, 448

division, significant figures in, 45, A.6

double bonds, 278, 280-283, 323325, A.26-A.27
double-displacement reactions. See exchange reactions
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dynamic equilibria, 145, 379, 462, 510. See also equilibria,
chemical

E
Edison, Thomas, 405
effective nuclear charges, 256257
effusion, 349
Einstein, Albert, 228, 700-701
electrical charges, 36
electrical energies, 178
electrochemical cells, 654-657, 669—-675
electrochemistry, 645—646. See also oxidation-reduction
reactions
cell voltage, 658662
common batteries, 669—673
counting electrons, 679-682
E° and Gibbs free energy, 666668
effect of concentration on cell potential, 668—669
electrochemical cells, 654—657
electrolysis, 675-679
fuel cells, 674—675
standard reduction potentials, 662—665
electrodes, 654, 659-661
electrolysis, /05, 675-679
electrolytes, 82-83, 136, 527-528, 654655
electromagnetic radiation, 222-224, 229-234
electromotive forces (emf), 658
electron afinities, 260261
electron capture, 696, 699
electron configurations, 244. See also electrons; orbitals,
atomic; periodic table
Bohr model, 229-234
ground state, A.24t
ions, 251-254
main group elements, 245-248
quantum mechanical model, 235-237
quantum numbers, 237-242
transition elements, 250-251, 253-254
valence electrons, 248-249, 250-251, 294-297, 407408
electron densities, 237, 298, 299
electron density models, 277
electronegativities, 288—290
electronic calculators, A.7—A.8
electronic charges, 37
electron-pair geometries, 319-322
electron-pair repulsions, 313
electrons, 37. See also electron configurations; VSEPR
models (valence-shell electron-pair repulsion)
affinities, 260261
capture, 696, 699
charges, 37-38, 40
counting, 679—682
delocalized, 301-302
densities, 237, 277, 298, 299
geometries, 310-315, 319-322

ion formations, 71-74
radioactivity, 693
spin, 241-242
transfers, 152
unpaired, 254
valence, 248-249, 250-251, 294-297, 407-408
electron transfers, 152
electroplating, 681-682
electrostatic energy, 179
electrostatic forces, 74-75, 80-83
elementary reactions, 431, 432, 433-436, 440442
elements, chemical, 14. See also periodic table
atomic numbers, 46—47
biological, 91-92
block, 249, 251
isotopes, 48-51, 697-700
mass numbers, 47-48
names and symbols, 21-22, 25
oxidation numbers, 156
properties, 14—15
types of, 22-24, 55, 250
emissions control, 451
empirical formulas, 89-90, 124-127
endothermic, 189-190
chemical bonds, 202
Le Chatelier's principle, 488—491
phase changes, 382, 383, 385
end points, 587
energy, 11-12. See also conservation of energy, law of;
enthalpies, bond (H); Gibbs free energy (G); kinetic
energies
bands, 407
binding, 701
chemical bonds, 201-202
diagrams, 434-435, 436, 447, 450
dispersal, 613—615
electrochemistry, 666—668
entropies, 615-620
heat capacity, 186—189
heat/heating, 182—183
internal energy, 184
ionic compounds, 261-263
levels, 237-243
nature of, 178-180
potential, 179
principal levels, 238
systems/surroundings, 184
thermodynamics, 613—-615
transformations, 180-182
units, 179-180
work/working, 182
energy bands, 407
energy conservation, 634
energy diagrams, 434435, 436, 447, 450
energy levels, 237-243
energy units, 179—180
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enthalpies, bond (H). See also enthalpy changes (AH®)
chemical bonds, 201-203
condensation/vaporization, 194, 383385
energy, 189-195
heat transfer at constant pressure, 191-192
phase changes, 189—-194, 383387, 405t, 406
principles, 201, 202, 203, 285-288
standard molar enthalpies of formation, 208-213
state functions and path independence, 194195
enthalpies of fusion, 193, 385-387, 405t, 406
enthalpies of hydration, 511-513
enthalpies of solution, 509-510, 512-513
enthalpies of sublimation, 387
enthalpies of vaporization, 194, 383—-385
enthalpy changes (AH"), 192
activation energies, 434
calorimetry, 203-206
chemical bonds, 201-202
chemical reactions, 197-200, 620
Hess's law, 206208, 210-213
standard, 195
entropies (S), 492
calculating changes, 620-621
ionic compounds in water, 513
measuring energy, 615-620
second law of thermodynamics, 621-625
solvents/solutes, 510, 529
vapor pressures, 524
entropies of vaporization, 524
entropy values, standard molar, 617t
enzymes, 448-450
enzyme-substrate complex, 449
equations, chemical, 100-101, 107-110
equatorial positions, 315-316
equilibria, chemical, 462. See also equilibria constants (K.)
characteristics, 462—464
Haber-Bosch process, 493-495
Le Chatelier's principle, 482491
nanoscale, 491-493
solubilities, 510-513
equilibria, thermal, 183
equilibria concentrations, 472—473
equilibria constant expressions, 466
equilibria constants (K.), 466
combination of multiple reactions, 469471
determination of, 472475
dilute solutions, 467-468
example of, 464-466
Gibbs free energy, 629-631
meaning of, 475-478
pressures, 471
pure liquids and solids, 467
related reactions, 468—-469, 477
selected at 25°C, 475t
temperatures, 475-478

using, 478-482
writing, 467
equilibria constants, standard (K°), 629-630, 667—668
equilibria systems, 493
equilibria vapor pressure, 379-381
equivalence points, 168
ethane, 68, 70
ethanol, 8t
ethyl group, 70
evaporation, 383385
exchange reactions, 106—107. See also acid-base reactions
gas-forming, 150-151
ionic compounds, 136-139
net ionic equations, 140-143
precipitation reactions, 139—142, 603—604
excited states, 231
exothermic, 190, 202, 382-383, 386-387
expanded electron configurations, 247-248
exponential curves, 438
exponential notation, A.8—A.10

F

fahrenheit temperature scale, 6, A.20, A.22
Faraday, Michael, 666

Faraday constant (F), 666, 679—-680
fats, 508

ferromagnetics, 254

fertilizers, 494

fires, 120

first law of thermodynamics, 180-182
first-order rate constants, 703
first-order reactions, 427, 429, 702
forces, 328-334

formal charges, 291-292

formation constants (K, 601
formulas, chemical, 23, 25
formulas, molecular, 63—-66, 89-90
formula units, 80

formula weights, 84

fossil fuels, 714

free radicals, 295

freezing, 194, 385-387

freezing point lowering, 525-528
frequency, 223-224, 233-234
frequency factors, 438

Frisch, Otto, 707

fuel cells, 674-675

Fuller, R. Buckminster, 24, 25
fullerenes, 24, 404

functional groups, 64, 278-279
fusion, 192—-193, 385-387

G

Galvani, Luigi, 654
galvanic cells, 654—657, 674-675
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gamma radiation, 693694
gamma rays, 3637

gases, 17. See also equilibria constants (K.); ideal gases

atmosphere, 342-343
carbon dioxide, 366-370
densities, 359-361

kinetic-molecular theory, 17-19, 345-349, 364-366

mixtures/partial pressures, 361-364
molar masses, 359-361

phase changes, 194, 382, 383-385, 387-388

phase diagrams, 389—393
pressures, 344-345
properties of, 345-346
quantities in chemical reactions, 357-359
real, 364-366
solubilities of, 513-515
vapor pressures, 379-382
gas-forming exchange reactions, 150-151
gas laws, 349-357, 361-362
gasoline, 612, 673

half-reactions, 647, 648, 649—653
halide ions, 78

halogens, 55, 102-103, 153

heat capacities, 186—187, 188—189
heat/heating, 178, 182—-183, 185-186
heating curves, 388-389

heat of fusion, 192-193, 385-387
Heisenberg, Werner, 236

helium (He), 693
Henderson-Hasselbalch equation, 578-579
Henry's law, 514-515

Henry's law constant, 515

hertz, 223

Hertz, Heinrich, 223

Hess's law, 206208, 210-213, 262-263
heterogeneous catalysts, 450—451
heterogeneous mixtures, 12
heterogeneous reactions, 416

hexagonal close packing, 399, 400
homogeneous catalysts, 447

gas phase reactions, 620 homogeneous mixtures, 12. See also solutions
Gay-Lussac, Joseph, 352 homogeneous reactions, 416
Geiger counters, 704 Hund's rule, 246
geometric isomerism, 282-283 hybrid cars, 673
geometries, molecular, 310-318 hybridization, 318, 319, 320-325
Gibbs, Josiah Willard, 625 hybrid orbitals, 319-322
Gibbs free energy (G), 625 hydrated compounds, 86
conservation of, 634—635 hydration, 511
effects of temperature, 627-629 hydrocarbons, 67, 6871, 280-283, A.25-A.27
equilibrium constants, 629-631 hydrogen (H)
maximum work, 631-633 Bohr Model, 229-234
oxidation-reduction reactions, 666—668 electrolytic production of, 680—681

principles of, 625-626 fuel cells, 675
Gibbs free energy, standard (AG®), 666668 ions, 73
global warming, 368-370 isotopes, 48, 48
gold (Au), 8t, 681-682 isotopic masses, 50t
Gore, Al, 369 naming oxoanions, 78
Goudsmit, Samuel, 241 hydrogen bonds, 332-335, 505-507
grams, 40, 53 hydrogen carbonate ions, 73—74
graphing, A.14-A.15 hydrogen electrodes, 659-661
graphite, 24, 403-404 hydrolysis, 562
gravitational energy, 179 hydronium ions, 143
grays (Gy), 713 hydrophilic, 505
Greatbatch, Wilson, 670 hydrophobic, 505
green chemistry, 123 hydroxide ions, 145
greenhouse effect, 366368 hypertonic, 530, 531
ground state, 230 hypothesis, 4
groups, 55 hypotonic, 530, 531
H I

Haber, Fritz, 462, 494 ICE tables (reaction tables), 472-474
Haber-Bosch process, 493, 494, 495 ideal gas constant, 354

Hahn, Otto, 707 ideal gases, 349. See also ideal gas law
half-cells, 654 amount-volume relationships, 351-352
half-lives, 430432, 702703 law of combining volumes, 352-353
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pressure-volume relationships, 349-350
temperature-volume relationships, 350-351
ideal gas law, 354-357
density of gas calculations, 359-361
molar mass calculations, 360-361
immiscible, 505, 506
indicator paper strips, 550
induced dipoles, 329
induced fit, 449
initial rates, 422-423
inner transition elements, 250-251
instantaneous reaction rates, 420-421
insulators, 407
integrated rate law, 426429
Intergovernmental Panel on Climate Change (IPCC), 367—
369
intermediates, 443
intermolecular attractions, 377-379
intermolecular forces, 329-332, 386, 505-509
internal energies, 184
International System of Units (SI), 17t, 40t, 344, 350-351,
A.18-A.20
intramolecular forces, 329
ion electron configurations, 251-254
ionic bonding, 74-75, 80-81
ionic compounds, 71. See also salts; solubilities
aqueous solutions, 82—83
bonding, 74-75, 80-81
charges, 71-72
classification, 75
combination reactions, 103
dissolution, 737
electrolytes, 82—83
energy considerations, 261-263
formulas, 76-77
hydrates, 86
molar mass, 84
naming, 79—-80
percent composition, 87—88
properties, 80—83
solubilities, 136139
ionic crystal structures, 401403
ionic hydrates, 86
ionic radii, 257-258
ionization constants, acids (K,), 551
buffers, 577-579
expressions, 550-552
problem solving using, 556-559
relationships, 560-561
values of, 553-555
weak, A.28t
ionization constants, bases (K5)
expressions, 552-553
problem solving using, 556557, 559-560
relationships, 560561
values of, 554t, 555

weak, A.29t
ionization constants, water (K), 545-546
ionization energies, 259260
ion product (Q), 603
ions, 38, 71-74, 76-79, 140, 252-254
IPCC (Intergovernmental Panel on Climate Change), 367—
369
iron (Fe), 8t, 682—683
iron-56, 701
iron(I1l) oxide hydrate, 682—-683
isoelectronic, 251-252
isomers, 69-71, 125, 281-283
iso-osmotic, 530, 537
isopropyl group, 70
isotonic, 530, 537
isotopes, 4851, 697-700

J

Joule, James P., 179
joules, 179, 180

K

K-capture, 696, 699

Kekulé, Friedrich A., 294

kelvins (K), 350-351

Kelvin temperature scale, 351

kidney stones, 604

kilocalories, 180

kilojoules, 179

kinetic energies, 178, 416. See also reaction rates
Arrhenius equation, 436-440
catalysts, 445448, 450-452
earth, 181
elementary reactions, 431-436
enzymes, 448—-450
gases, 346-348
rate laws, 425-431, 440-442
reaction mechanisms, 442445
thermodynamics, 635-637

kinetic-molecular theory, 17-18
corollary, 180
elementary reactions, 431-436
gases, 345-349, 364-366
properties, 17—19

King, Reatha Clark, 271

Korff, Serge, 706

Kroto, Harold, 25

L

lactic acid, 317

lanthanides, 55, 250-251

latent heat of vaporization, 383
lattice energies, 262-264, 511-513
Lavoisier, Antoine, 100, 538
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law of chemical periodicity, 54-55 measurements, 4446, A.3, A.20-A.22

law of combining volumes, 352-353 mechanical energy, 178

law of conservation of energy. See conservation of energy, Meitner, Lise, 707

law of melting, 192-193, 385-387, 391

law of conservation of mass, 19-20, 100-101 melting point curve, 390

law of constant composition, 20 melting points, 6

law of multiple proportions, 20-21 cis-trans isomers, 282

laws, 4 ionic compounds, 80-81

lead (Pb), 8t lattice energies, 263264

lead-acid storage batteries, 670—672 metals, 405

Le Chatelier, Henri, 483 membranes, 528

Le Chatelier's principle, 483 Mendeleev, Dmitri, 54, 54t
pressure changes, 485-488 meniscus, 378
reactant/product concentration changes, 483—485 mercury (Hg), 8t, 344, 379
solubilities, 513, 514, 604 mercury (II) oxide, 627-628
temperature changes, 488—491 mercury batteries, 670
using, 482483 metabolism, 63

lengths, 41 metal activity series, 159-160

Lewis, Gilbert N., 248, 271, 272, 566 metal alloys, 672

Lewis acids/bases, 566568 metal carbonates, 104

Lewis dot symbols, 249 metal ions, 566-567

Lewis structures, 272278, 292-294 metallic bonding, 407

Libby, Willard, 705, 706 metalloids, 22, 55-56, 75

limestone, 104, 142, 150, 210t-211, 484-485 metals, 22

limiting reactants, 115-120 classification, 75

linear geometries, 310 combination reactions, 103

line emission spectra, 229, 230 cubic unit cells, 398, 399

liquids, 17 displacement reactions, 106
gases in, 514-515 electrons in, 407408
heating curves, 388-389 Gibbs free energy, 635
kinetic-molecular theory, 17-19 ions, 77-78, 252-254
phase changes, 382, 383-385 molar heat capacities, 188
phase diagrams, 389-393 properties of, 405-406
properties, 377-379, 393-395 reactions with nonmetals, 71-72
solids in, 511-513 recycling, 634—635
vapor pressures, 379—382 as reducing agents, 154—155

lithium-ion batteries, 672673 transition, 73, 255-256

litmus, 143 metathesis. See exchange reactions

logarithms, A.10-A.12 methane, 68, 70

London, Fritz, 329 methanol, 621-622

London forces, 329-332, 386, 505-507 methyl group, 70

lone pair electrons, 273, 311t, 312-315 methylpropane, 70

Lowry, T.M., 538 methyl red indicators, 588

metric system, 40
M microscales, 16

Milikan, Robert, 37-38

macroscales, 16, 26, 110-115 .
millimeters of mercury (mm Hg), 344

magnesium (Mg), 8t, 76 ) g
main group elements, 55, 245-248, 255-256 minerals, major, 92

mass, 40, 53, 117-120. See also molar mass m%SCIbles’ 505, 506

mass difference (Am), 700 mixtures, 12-15, 361-364
mass fractions, 516 models, 5, 19-21, 308-309
mass numbers (4), 46, 47, 48, 694697 moderators, 709

Moissan, 679
mass percent, 87-90 molal boiling point elevation constant, 524
matter, 2, 1219, 222-224 K

. B molal freezing point constant, 525
maximum work, 631-633 molality (m), 520-521
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molar enthalpies of formation, standard (AH®y), 208-213 N
molar heat capacities, 188—189 nanoscales. 16
molarity, 161-168, 518-521 elementary reactions, 431-436

molar mass, 52 equilibrium at, 491-493
chemical reactions, 110-115 representation of, 26

gases, 348, 359-361 stoichiometry, 110-115

gram-mole conversions, 53-54, 84—85 theories. 17-21

ionic compounds, 84 nanotubes, 24, 404, 405

molar heat capacities, 188—189 Nernst equation, 668669

molecular compounds, 83 net ionic equations, 140-142, 148-150
molar volume, standard, 354 network solids. 403—405
molecular compounds, 63. See also covalent bonds neutralization r’eactions 146-150. 561-566t

acids/bases, 145-146 neutral molecules, 568

classiﬁca?ion, 75 neutral salts, 561-562
combination reactions, 103 neutral solutions, 546

dissolution of, /37 neutrons, 39-40, 694, 697-700
formulas, 63-66, 88-90 newtons (N), 344
hydrocarbons, 67-71 nicad batteries, 672
molar mass, 83 nickel, 8t
naming, 6667 N nickel-cadmium batteries, 672
percent composition, 8788 nickel-metal hydride batteries, 672—673
properties, 82t nitrogen dioxide (NO,), 64t
molecular formulas, 63-66, 89-90 nitrogen fixation, 489-490, 494

molecular geometries, 310-318 nitrogen narcosis, 362
molecular models, 308-309 nitroglycerin, 104
molecular 0rb1tql§, 297-302 Nobel, Alfred, 105
molecular polarities, 325-328

molecular shapes, 309-318, 330 noble gas notations, 246247
molecular structures noble metals, 160

acid S t?eng.ths, 355-556 noncovalent interactions, 328, 329, 330-334
hybridization, 318-325 nonelectrolytes, 82

molecular models, 308-309 nonmetals, 22, 71-72, 75, 103
noncovalent interactions, 328-335 nonpolar covalent bonds, 288

polarities, 325-328 nonpolar molecules, 325
VSEPR models, 3 0_973 18 normal boiling points, 381
molecular transformations, 431-436 Novee 1230, 120
molecular weights, 83
molecules, 23
mole fractions, 362
mole ratios, 110-111, 117-120, 199

noble gases, 55

nuclear charges, 256-257

nuclear chemistry
atomic nuclei stability, 697-702
disintegration reactions, 702—707

moles (rpol), 51 . fission, 707-711
chemical reactions, 110-115 fussion. 711-712
of compounds, 83-86 radiation, 713-716
conversion from/to grams, 53-54, 84-85 radioactivity, 693694
Fleﬁmtlon, A18 reactions, 694—697
ionic hydrates, 86 nuclear fission, 707-711
size of, 52 nuclear fussion, 711-712

Molina, Mario, 416

momentum, 235-236
monatomic ions, 72-73, 78, 156
monoprotic acids, 553

nuclear power plants, 709-711

nuclear radiation, 713-716

nuclear reactions, 694
equation, 694

Mosc?ley, H.G.J., 54 fission, 707-711
multiple bonds, 323-325 fussion. 711-712
multiple covalent bonds, 275, 278 radioacitive decay, 694-697

multiplication, significant figures in, 45, A.6 nuclear reactors. 709—711
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nucleons, 694
nucleus, 38-39

O
octahedral geometries, 310, 316317
octet rule, 272273, 294-297
octets, expanded, 315-318
orbital box diagrams, 247-248, 253
orbitals, atomic, 237. See also electron configurations
electron configurations, 245248, 250-251
electron spin, 241-242
hybridization, 318-323
orientations, 239-240
principal energy level, 238
shapes, 238-239, 243-244
order of reactions, 425, 426, 427431, 702
organic acids, 544
organic compounds, 63, 67—69, 125
osmosis, 528-529, 531-532
osmotic pressures, 528-531
overall reaction orders, 426
overvoltages, 677
oxalic acid, 650-652
oxidation, 152
oxidation numbers, 155, 156, 157-158
oxidation-reduction reactions, 151. See also electrochemistry
balancing, 650—652
combination reactions, 102—-103
corrosion product-favored, 682—-684
displacement reactions, 105-106, 159-161, 646—647
electron transfers, 152
half-reactions, 647-653
oxidation numbers, 155-158
oxidizing/reducing agents, 152—155
oxidation states, 155-158
oxidized, 152
oxidizing/reducing agents, 152—155
oxoacids, 556
oxoanions, 78
oxygen (0O,)
allotropes, 2324
combination reactions, 102—-103
naming oxoanions, 78
as oxidizing agent, 154
ozone, 24, 292-293

P

pH, 547
acid/base additions, 582-585
buffer solutions, 575, 577-581
salt solutions, 564-566
scale, 547-550
solubilities, 597—598

pH meters, 550

pOH, 549-550

p-block elements, 249, 251
paramagnetics, 254, 297
parent nucleus, 694
partial pressures, 361
equilibrium constants, 471
gas mixtures, 361-364
relative humidity calculations, 382
solubility of gases, 514-515
parts per billion, 517
parts per million, 517
parts per trillion, 517
pascals (Pa), 344
path independence, 194-195
Pauli, Wolfgang, 241
Pauli exclusion principle, 241
Pauling, Linus, 288
peninsula of stability, 699
pentane (CsH,,), 64t
percent abundance, 49-50
percent composition by mass, 87-90
percent yields, 121-123
periodic table, 55. See also electron configurations;
elements, chemical; periodic trends
atomic numbers, 4648, 694700
atomic radii, 254-257
atomic weights, 49
biological, 91-92
electron affinities, 260-261
examples, 50, 56
features, 55-56
ionic radii, 257-258
ionization energies, 259-260
Mendeleev's contributions, 54
monoatomic ions, 72—73
periodic trends
atomic radii, 254-257
bond lengths, 283
electronegativity, 288, 289, 290
ionization energies, 259-260
periods, 55
permanganate ions, 650—652
pesticides, 432
phase changes, 192
conversion processes, 382
critical temperature and pressure, 393
enthalpy, 189-195
heating curves, 388-389
melting and freezing, 192—-194, 385-387, 391
phase diagrams, 389-393
sublimation/deposition, 387—388, 391
vaporization/condensation, 194, 383-385
phase diagrams, 389-393
phenolphthalein, 143, 168
phenolphthalein indicators, 588
photoelectric effects, 227-229
photons, 228
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physical changes, 6. See also phase changes quantitative information, 4, A.2
physical constants, A.23 quantum, 225

physical properties, 5-10, 19, 186—187, 188t quantum mechanics, 235-237

pi (1) bonds, 323-325 quantum numbers, 237-243
pitchblende, 693 quantum theory, 225

planar network solids, 404 quartz, 508

Planck, Max, 225 quorum sensing, 486—487
Planck's constant, 225 quotients, reaction (Q), 478—480, 668—669
Planck's quantum theory, 224-229

Planté, Gaston, 671 R

plasma, 712 radial distribution plots, 243

polar covalent bonds, 288 radiation, 222-224, 693, 713716
polarmes’, bond, 288-290, 325-328 radiation absorbed dose (rad), 713
polarization, 329 radiation exposure survey, 715
polar molecules, 325, 326, 331 radioactive decay, 694-697, 699-700, 702705
pollution, thermal, 513 radioactive series, 695-696
polonium (Po), 693 radioactivity, 36-37, 693-694
polyatom%c ions, 73-74, 78, 110, 156, 301-302 radium (Ra), 693

polyatomic molecules, 301-302 radon (Rn), 714, 716

polymer§, 672—673 rads, 713

polyprotlc a'c:ld's, 553-555, 593 Raoult's law, 523

positron emissions, 699 rate constants, 422, 437438

positron emission tomography (PET), 696

it 696 rate law equation, 703
positrons,

rate laws, 422

potepqal energy, 179, 433-434 concentration effects, 422-425
precipitates, 139 elementary reactions, 440—442
prechhltatlon reactions, 139-142, 603—604 integrated, 426-429
precision, A.5 order of reactions, 425-431

prefixes, A.18-A.19, A.25-A.26
pressures, 344. See also partial pressures
atmospheric, 380-381
dissolving gases in liquids, 514-515

rate-limiting step, 443

rates, reaction. See reaction rates

rates of disintegration reactions, 702—707
reactant-favored, 462

gases, 344_345. reactant-favored reactions, 612—613, 629-630, 632633,
ideal gas behaviors, 349-350 675-679

vapor, 379-382, 522-524
P qestley, Joseph, 104, 627 reaction intermediates, 443
primary batteries, 670 reaction mechanisms, 442-445
principal energy levels, 238 reaction quotients (Q), 478-480, 668—669

principal quantum numbers, 230 reaction rates, 416. See also rate laws
problem solving strategies, A.1-A.2 arrhenius equation, 436-440

reactants, reaction, 10

product-favored, 462 ) calculation of, 416419

product-favored reactions, 612—613, 621-625, 629633 catalysts, 445448, 450

products, reaction, 10 concentration effects on, 422425

propane, 68, 70,'210t of disintegration, 702—707

properties, physical, 5-10, 19, 186—187, 188t generalizations, 493-494

proportionality constants, 422, 437-438 instantaneous 4120 421

proportionality factors, 8-9, A.2—A.3, A.20-A.22 stoichiometry’ 419-420

propyl group, 70 reactions, chemical, 10. See also acid-base reactions;

proton-exchange membranes (PEM), 674-675

. 38. 39, 694. 697700 equilibria constants (K.); exchange reactions; oxidation-
protons, 38, 39, 694, 697

reduction reactions; reaction rates

purification, 12-13 acids/bases, 143-146
aqueous solution titrations, 168—169
Q atomic theory, 20
quadratic equations, A.12-A.14 combustion, 100
qualitative information, 4 conservation of energy, 185-186
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decomposition, 14, 19, 104—105
elementary, 431-436, 441-442
enthalpy changes, 197-200
gas quantities in, 357-359
Haber-Bosch process, 493495
heterogeneous/homogeneous, 416
intermediates, 443
mechanisms, 442445
metals with nonmetals, 71-72
molarity, 161-168
molar mass, 110-115
nuclear, 694-697, 707-711
orders of, 425, 426, 427-431, 702
patterns, 101-107
product-favored, 612-613, 621-625, 629-633
quotients (Q), 478-480, 668—669
reactant-favored, 612613, 629-630, 632—633, 675-679
solution concentrations, 161-166
tables, 472474
thermochemical characteristics, 197—198
reaction tables (ICE tables), 472—-474
real gases, 364-366
redox reactions, 151. See also oxidation-reduction reactions
reduced, 152
reducing agents, 152—155
reduction potentials, standard, 662—665, A.32t—A.34t
reductions, 152
reformers, 675
refraction, 228
relative humidity, 382
rems, 713, 715
resonance hybrids, 293
resonance structures, 293-294
reverse osmosis, 531-532
reversible processes, 615
roentgen equivalent in man (rem), 713
roentgens (R), 713
Rontgen, Wilhelm, 713
rounding, significant figures in, 4546
Rowland, Sherwood, 416
rust, 682—683
Rutherford, Ernest, 38, 40, 693—-694
Ryberg constant, 232

S
s-block elements, 249, 251
sp hybrid orbitals, 319-320, 321-322
sp*hybrid orbitals, 320, 32/-322
sp* hybrid orbitals, 320-323
salt bridges, 655
salts, 146
acid-base reactions, 146—-151
ionic crystal lattices, 401-402
K, values, 595t
solubility, 597-598

salts, neutralization reactions, 561-566
saturated hydrocarbons, 277-278
saturated solutions, 510

Schrédinger, Erwin, 236

scientific notation, A.8—A.10
screening effects, 257

secondary batteries, 670—673

second law of thermodynamics, 621-625
second-order reactions, 427, 429
semiconductors, 407, 408
semipermeable membranes, 528
separation, 12—13

shells, electron, 238, 242t, 245-248
shifting equilibria, 483

sieverts (Sv), 713

sigma (0) bonds, 321-322, 324-325
significant figures, 44-46, A.5-A.7
silicates, 403

silver (Ag), 648-649

single covalent bonds, 272

SI units (International System of Units), 17t, 40t, 344, 350—

351, A.18-A.20
slopes, 421, 429-430
Smalley, Richard E., 25
Soddy, Frederick, 694
sodium chloride (NaCl), 8t, 80, 81. See also salts
sodium chromate (Na,CrO,), 683—684
solids, 17. See also solubilities
crystalline, 396, 397403
equilibrium constants, selected, 475t
heating curves, 388—389
London forces, 386
network, 403—405
phase changes, 382, 385-388
phase diagrams, 389—393
properties, 395-397
solubilities, 510
equilibria, 510-513
factors affecting, 597-602
gases, 513-515
intermolecular forces, 505-509
ionic compounds, 136—139
precipitation, 139-142, 603—604
salts, 597-598
solubility product constants, 594597
temperatures, 513-514
solubility product constant expression, 594
solubility product constants (Ky,), 594-597, A.30t-A.31t
solutes, 161
dissolving, 509-510
preparation of solutions, 161-166
solvent interactions, 504-509
solutions, 12. See also aqueous solutions (aq); buffer
solutions
acidic, 546, 650652, A.32t—-A.33t
basic, 546, 652-653, A.34t
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boiling point elevations, 524-527
colligative properties of electrolytes, 527-528
concentrations, 161-166, 516-521
formations, 509-510
freezing point lowering, 525-528
osmotic pressure, 528-531
pressure and dissolving gases in, 514-515
reverse osmosis, 531-532
types, 504, 510-511
vapor pressure lowering, 522-524
solvents, 161, 504-509
specific heat capacities, 186—187, 188t
spectator ions, 140
spectrophotometer, 473
spectroscopy, 233
spectrums, 222, 223
speed of light, 223
spin quantum number, 241
square planar geometries, 316-317
square pyramidal geometries, 316
standard atmosphere (atm), 344
standard conditions, 658
standard enthalpy changes, 195
standard equilibria constants (K°), 629-630, 667-668
standard Gibbs free energy (AG®), 666—668
standard hydrogen electrodes, 659-661
standard molar enthalpies of formation (AH®¢), 208-213
standard molar volume, 354
standard reduction potentials, 662—665, A.32t—A.34t
standard solutions, 168
standard states, 208
standard temperature and pressure (STP), 354
standard voltages (£°), 658—659
state functions, 194
steric factor, 435
Stock, Alfred, 78
Stock system, 78
stoichiometric coefficients, 101
stoichiometric factors, 110-111, 117-120, 199
stoichiometry, 101
determination of equilibrium constants, 472
gases in chemical reactions, 357-359
gram to gram conversions, /77, 112-114
nanoscales, 110-115
reaction rates, 419-420
solution molarities, 166—168
STP (standard temperature and pressure), 354
straight-chain alkanes, 70-71
Strassman, Fritz, 707
stratosphere, 343
strong acids, 143. See also acids
strong bases, 145. See also bases
strong electrolytes, 136
structural formulas, 63
structural isomers, 69-71

subatomic particles, 3540

sublimation, 387-388, 391

subshells, 238, 239-242, 245-248,250-251
substances, 5, 1214

substraction, significant figures in, 45, A.6
substrates, 449

sulfate ions, 74

sulfides, 150-151

sulfites, 150151

sulfur dioxide (S0O,), 103

sulfuric acids, 671-672

supercritical fluids, 393

supersaturated solutions, 510

surface melting, 391

surface properties, 377-378

surface tension, 378

surroundings, 184

symbolism, 25-26

systems, 184

Szilard, Leo, 707

T
tellurium (Te), 251
temperatures (T), 6. See also thermodynamics
critical, 393
energy, 182-183
equilibria constants, 475-478
Gibbs free energy, 627-629
ideal gas behaviors, 350-351
Le Chatelier's principle, 488—491
reaction rates, 436—440
scales, 6, 350-351, A.20, A.22
solubilities, 513514
STP, 354
vapor pressures, 363t, 379-381
viscosity, 377
tetrahedral geometries, 310, 314
theoretical yields, 121
theories, 4-5. See also kinetic-molecular theory
atomic, 19-21, 100
molecular orbital, 297-302
Planck's quantum theory, 224-229
thermal decomposition, 104
thermal energies, 178
thermal equilibria, 183
thermal pollution, 513
thermochemical expressions, 195-199, 209
thermodynamics, 178. See also Gibbs free energy (G);
temperatures (T)
calculation of changes, 184, 620-621
energy dispersal, 613-615
entropy, 615-620
first law of, 180-182
and kinetic stability, 635-637
reactions, 612-613
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second law of, 621-625

third law of, 617

values, A.35t-A.41t
thermostoichiometric factors, 199
third law of thermodynamics, 617
Thomson, Joseph John, 37, 693
three-dimensional networks, 404
time, 429430
titanium (T1), 8t
titrants, 587
titration curves, 588
titrations, 143, 168—-169, 587-594
torr, 344
Torricelli, Evangelista, 344
trace elements, 92
trans isomers, 281
transition elements, 55, 250
transition metal ions, 252-254
transition metals, 73, 255, 256
transition states, 433
triangular bipyramidal geometries, 310, 315
triangular planar geometries, 310
triple bonds, 278
triple point, 389—390
tritium (T), 48
troposphere, 343
t-shaped geometries, 316
two-dimensional networks, 404

U

Uhlenbeck, George, 241

uncertainty principle, 44-46, 236

unimolecular reactions, 431-434, 440

unit cells, 398-401

unsaturated hydrocarbons, 280-282, A.26-A.27
unsaturated solutions, 510

uranium (U), 693

uranium-235, 707-709

v

van't Hoff, Jacobus Henricus, 527

van't Hoff factor, 527

valence bands, 407

valence bond models, 318-319

valence electrons, 248-249, 250-251, 294-297, 407408

valence-shell elctron-pair repulsion models (VSEPR). See
VSEPR models (valence-shell electron-pair repulsion)

van der Waals equation, 365-366

vaporization, 194, 383385

vapor pressure, 363t, 379-382, 522-524

vapor pressure curve, 390

Villard, P., 693

viscosity, 377

vitamins, 508

vitrification, 711

volatility, 379
Volta, Alessandro, 654—655
voltaic cells, 654-655, 669675
volts (V), 658, 662, 677
volumes (V), 43, 349-353
VSEPR models (valence-shell electron-pair repulsion)
bonding pairs, 309-312
bonding pairs and lone pairs, 312-315
expanded octets, 315-318
multiple bonds and molecular geometry, 312

W

water (HO). See also aqueous solutions (aq); phase changes
acid/base, 540
autoionization, 545-547
boiler scale, 142
contaminated, 2—4
decomposition reactions, 104, 105
density, 8t
displacement reactions, 106
ionic compounds, 511-513
ionization constants, 545-546
neutralization reactions, 146—148, 561-566t
properties, 393-395
solubilities of some alcohols in, 507t
standard molar enthalpy of formation, 210t
surface tension, 378
vapor pressures, 363t, 382, 522-524

water of hydration, 86

Watson, James, 308

wave equations, 236-237

wave functions, 236-237

wavelengths, 223-224, 233-237

weak acids, 143. See also acids

weak bases, 145. See also bases

weak electrolytes, 143

weight percents, 516

Wilkins, Maurice, 308

work/working, 178, 182, 185-186, 191-192

Y
yields, 121-123

zeroth-order reactions, 427, 428-429
Zewail, Ahmed H., 436
zinc (Zn)
cell voltages, 659—661
corrosion protection, 684
density, 8t
in electrochemical cells, 654—655
oxidation-reduction reactions, 647—648
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