McMurray & Fay/General Chemistry: Atoms First

Index

References given in boldface refer to pages
where terms are defined.

A
Absolute entropies, 651
Absolute zero, 15, 312
Absorbance, 841
Absorption spectrum, 841
of octahedral complexes, 847
Acceleration, units of, 17
Accuracy, 21-22
Acetaldehyde (ethanal), 924
Acetamide, 156
Acetaminophen, 181, 927
Acetate, 121, 230
Acetate ion, 605, 925
Acetic acid (ethanoic acid), 208, 234, 528, 537,
925, 926, 927
acid-dissociation constants for, 552
common-ion effect and, 591-592
dissociation of, 227
percent dissociation of, 558
reaction with strong base, 588
reaction with weak base, 589
structure of, 181, 300, 382, 529
titration with strong base, 604—605
as weak acid, 541
Acetic acid-sodium acetate buffer solution, 595—
597
Acetone (propanone), 349, 386, 425, 770, 913,
923, 924
Acetonitrile, 483
Acetylene (ethyne), 676
carbon bonding in, 900, 901
sp hybridization in, 170
standard heat of formation for, 281, 283
Acetylsalicylic acid, 552
Achiral, 837
Acid anhydrides, 745
Acid-base adduct, 574
Acid-base indicator, 207, 547-548, 607

Acid-base neutralization reactions, 225-226, 235—

236
Acid-base titration, 207
Acid-dissociation constant (K,), 551-553
base-dissociation constant and, 564-565
Acid-dissociation equilibrium, 538
Acidic cations, in salts, 569-570
Acidic oxides, 745
Acidic salt, 566
Acidic solutions, salts that yield, 566568
Acid rain, 329, 576-577, 864

Acids, 232. See also pH
acid-base concepts
Arrhenius theory, 537-538, 539
Bragnsted-Lowry theory, 538-540
binary, 571
common, 234
conjugate, 538
diprotic, 233, 560
Lewis, 573-575
monoprotic, 233
naming, 234-235
neutralization reactions and, 235-236
0xo-, 234, 571-573
polyprotic, 559-562
salts and, 566570
strength of, 540-543
factors affecting, 570-573
strong, 233, 541, 542, 549-551
triprotic, 233
weak. See Weak acids
Acrilan, 929
Acrylonitrile, 184, 929
Actinides, 8, 9, 810
Actinium, 8
Activated complex, 465
Activation energy (E,), 465
Arrhenius equation and, 523
catalysts and, 472, 520, 521
spontaneous processes and, 642
Active site, 477
Activity series, 242244, 735
Acute chemical toxicity, 29
Addition reactions, 916-917
Adenosine triphosphate (ATP), 366
Adipic acid, 930
Adrenaline, 138
Adsorption, 474
Advanced ceramics, 861, 882
Air
composition of, 305, 306, 389
density of, 18
Air bags, 317
Air pollution, 329
-al, 923
Alanine, 181
Alanine cation, 609-611
Alcohols, 913, 920-921
grain, 921
wood, 920-921
Aldehydes, 913, 923-924
Alkali metals. See Group 1A elements (alkali
metals)
Alkaline, 124
Alkaline battery, 252, 704
Alkaline dry cell, 704



Alkaline earth metals. See Group 2A elements
(alkaline earth metals)
Alkaline earth oxides, 549
Alkanes, 901-903, 913
branched-chain, 902
isomers of, 903
naming, 906—909
reactions of, 911-912
straight-chain, 902, 906
Alkene polymers, 930
Alkenes, 913, 914-916
reactions of, 916-917
Alkyl groups, 907-909
N-Alkylpyridium ion, 379
Alkyl sulfates, 379
Alkynes, 913, 914-916
reactions of, 916-917
Allotropes, 374
oxygen, 751
Alloys, 863
Allyl cation, 185
Alpha (o) radiation, 43—-44, 51, 53
Alumina, 882, 884
Aluminosilicates, 780, 861
Aluminum, 273, 773
anodizing, 719
ductility of, 868
early periodic table and, 7
electron configuration of, 85, 812
ionization energies of, 107, 109
manufacture of, 714-715
production of, 865
properties of, 771, 882
reactivity of, 773
symbol, 4,5
uses of, 770, 861
Aluminum chloride, 118
Aluminum chloride hexahydrate, 755
Aluminum hydroxide, 614, 622-623, 753
Aluminum oxide, 714, 746
Amethyst, 363
-amide, 927
Amides, 124, 913, 923, 924, 926929
-amine, 922
Amines, 379, 562-563, 913, 922
6-Aminohexanoic acid, 939
Ammonia, 537, 766, 785—-786
amines and, 922
base-dissociation constant for, 562
bonding, 100, 145
as covalent hydride, 738
decomposition of, 453—454
dipole moment of, 345
dissolution of, 539

Haber process for synthesis of, 510-511, 512,
515-516, 518-519, 520-521, 642, 653,
658-659, 735, 784, 785
heat of fusion for, 358
heat of vaporization for, 358
hydrogen bonds in, 351
monodentate ligands in, 825
oxidation state of, 785
reaction of group 1A elements with, 124-125
shape of, 158, 159, 160
sp3 hybridization in, 167, 168
standard heat of formation for, 281
synthesis of, 194, 268, 278, 279, 317
as weak base, 233, 234
in weak base-strong acid titration, 607—-608
Ammonium chloride, 273, 287, 288-289
Ammonium hydroxide, 233
Ammonium ion, 101, 120, 121, 155-156, 230, 539
Ammonium perchlorate, 799
Ammonium salts, 566-567
Amorphous solids, 362
Amount of gas, volume and, 312-314
Amount of substance, 12
Ampere (A), 12
Amphoteric, 622
Amphoteric hydroxides, 622—-623, 745
Amphoteric oxides, 745
Amphoterism, solubility and, 622—623
Amplitude, 64, 65
Amylase, 477
Analytical balance, 22
Anesthetics, inhaled, 332-333
Angular-momentum quantum number (I), 74
Anhydrides, 745
Aniline, 562, 582, 633
Anions, 101
basic, 569-570
carboxylate, 925
galvanic cells and, 681-686
ionic liquids and, 379
metallate, 829
oxo-, 120-121, 234
radii of, 105
salts that contain basic, 569-570
solubility and, 230
Anisole, 155
Anode, 41, 683-684
corrosion and, 708—709
lithium batteries and, 705—-706
sacrificial, 710
Anodizing, 719
Antibonding molecular orbital, 173, 176
Antimony, 6, 12, 784
properties of, 783
Antiproton, 669
Aqueous acids, chromium and, 818—-820



Aqueous ammonia, 589, 619—-620
Aqueous equilibria. See also Acids; Bases
buffer solutions, 595-598
common-ion effect, 590-594, 592
solubility and, 616—617
electrophoresis, 628629
Henderson-Hasselbach equation, 598-601
measuring solubility product, 631-616
neutralization reactions, 587-590
pH titration curves, 601-602
polyprotic acid-strong base titrations, 609-612
precipitation of ionic compounds, 623-625
gualitative analysis, 626—627
selective precipitation, 625
solubility equilibria, 612—613
solubility factors, 616-623
strong acid-strong base titrations, 602—604
weak acid-strong base titrations, 604—607
weak base-strong acid titrations, 607—609
Aqueous hydrogen peroxide, 471-472
Aqueous potassium permanganate, 236, 237
Aqueous reactions, 228-229
Aqueous sodium acetate, 588
Aqueous sodium chloride, 711-712
Aqueous sodium hydroxide, 587-588, 588
Aqueous sodium hypochlorite, 196-197, 252, 799
Aqueous solutions, 225
acid-base neutralizations reactions, 225-226,
235-236
acids and bases, 232-235
activity series of elements, 242-244
chemical reactions in, 225-226
conductivity of, 227
electrolytes in, 226-228
oxidation-reduction reactions, 226, 236—239
activity series of elements and, 242-244
applications, 251-252
balancing, 245-249
identifying, 240-241
precipitation reactions, 225, 230-232
redox titrations, 249-251
Area, units of, 17
Arene (aromatic), 913
Argon, 11
discovery of, 7
electron configuration of, 85
in lightbulb, 865
properties of, 127
reaction of, 127
symbol, 4
Argon-40, 52
Aristotle, 37
Aromatic, 918
Aromatic compounds, 918-920
Arrhenius, Svante, 232
Arrhenius acids, 537-538, 539

Arrhenius bases, 537-538, 539
Arrhenius equation, 467, 523
using, 468—-470
Arsenic, 6, 12, 783, 784
Arsenic trioxide, 29
Arsine, 878
Asbestos, 780, 781
Ascorbic acid (vitamin C), 210, 536, 537, 552, 932
Aspartame, 186
Aspirin, 29, 186, 197, 552, 918, 925, 926
Astatine, 10, 12, 54, 126
-ate, 120, 234
Atmosphere, Earth's, 329-331
Atmosphere (atm), 307-308
Atmospheric pressure, 307
Atom economy, 253
Atomic line spectra
compact fluorescent lights and, 92
electromagnetic energy and, 66—69
quantum mechanics and, 80-81
Atomic mass (atomic weight), 6, 48—49, 193
calculating, 49
Atomic mass unit (amu), 44, 46
Atomic number (2), 8, 45-47
atomic radii vs., 63-64
ionization energy and, 106
periodicity of, 63-64
Atomic orbitals, 172
Atomic radius, 89-91
atomic number vs., 63-64
bond length and, 136
calculating, 370
covalent bonds and, 136
of group 1A elements, 123
of group 2A elements, 125
of group 7A elements, 126
ionic solids and, 372
periodicity of, 63—64
of transition elements, 813-815
Atomic theory, 40
Atom(s), 36, 37, 40
calculating number in unit cells, 370
chemical symbols and, 192-193
ground-state electron configuration, 83—86
assigning to atom, 88
identifying atom from, 88—89
ligand donor, 823-824
model of, 70-71
orbital energy levels in multielectron, 82—83
oxidation numbers, 237-238
guantum mechanical model of, 72-73
structure of, 41-45
electrons, 41-43
protons and neutrons, 43-45
unit cells and, 370
ATP, 366



Aufbau principle, 83-84, 103

Aurora borealis, 455

Average speed, 323-325

Avogadro's law, 312-314, 315
kinetic-molecular theory of gases and, 323

Avogadro's number, 48-49, 69, 194, 648
Benjamin Franklin and, 215-216

Axial positions, 160

B
Baking soda, 777
Balanced chemical equation, 189-192
Balances, 14, 22
Ball-and-stick models, 100
Ballpark checks, on calculations, 26
Balmer, Johann, 67
Balmer-Rydberg equation, 68
Balsa wood, density of, 18
Band gap, 873, 874
Band of nuclear stability, 54-55
Band theory, 870, 871

physical properties and, 872
Bar, 315
Barbituric acid, 117
Barium, 4, 6, 10, 125
Barium carbonate, 614
Barium chloride, 373
Barium hydroxide, 234

Barium hydroxide octahydrate, 273, 287, 288-289

Barium lanthanum copper oxide, 879
Barium nitrate, 120
Barium sulfate, 615
Barometer, 307
Base anhydride, 745
Base-dissociation constant (Ky), 562
acid-dissociation constant and, 564-565
Bases, 232. See also pH
acid-base concepts
Arrhenius theory, 539, 537-538
Bragnsted-Lowry theory, 538-540
common, 234
conjugate, 538
Lewis, 573-575
neutralization reactions and, 235-236
salts and, 566-570
strength of, 540-543
strong, 233, 542, 549-551
very weak, 542
weak, 233, 542, 562-564
Basic anions, in salts, 569-570
Basic hydroxides, 623
Basic oxides, 745
Basic oxygen process, 866—867
Basic salt, 566
Basic salt solution, 605
Basic solutions, salts that yield, 568—-569

Batteries, 252, 681, 702-706
dry-cell, 704
lead storage, 703-704
lithium and lithium-ion, 705-706
nickel-cadmium, 705
nickel-metal hydride, 705
Bauxite, 745, 773
Bayer process, 746, 773, 864
Bednorz, J. Georg, 879, 880
Bends, 402
Bent bonds, 789-790
Bent molecular shape, 158, 159, 163
Benzaldehyde, 918
Benzene, 913, 918, 919
fractional distillation and, 417-418
heat of fusion for, 358
heat of vaporization for, 358
intermolecular forces and, 391
molar boiling-point-elevation constant, 411
molar freezing-point-depression constant for,
411
as solvent, 391
structure of, 184, 299, 349, 676, 918
surface tension of, 354
vapor pressure of, 408
viscosity of, 353, 354
-benzene, 919
Benzeneamine (aniline), 922
1,4-Benzenedicarboxylic acid, 931
Benzocaine, 925, 926
Benzoic acid, 424, 552, 675, 925, 928
Benzoquinone, 726
Benzyne, 185
Berthelot, Marcellin, 643
Beryl, 780
Beryllia, 882
Beryllium, 7, 10, 84, 107, 125, 241
Beta () radiation, 51-52, 53
bi-, 121
Bias
forward, 877
reverse, 877
Bicarbonates, 777
Bidentate ligands, 825, 826
Big bang, 57
Bimolecular reaction, 455, 459
Binary acids, 571
Binary hydrides, 736-741
determining formulas and properties of, 740
metallic, 767
nonmetallic, 767
Binary ionic compounds, 118-120
Binary molecular compounds, naming, 143
Biodiesel, 294-295
Biofuels, 294—-295
Bismuth, 783, 784



Bismuth-209, 55
Blast furnace, 867
Bleach, household, 196-197
Bleaching, 252
Blood
as buffer solution, 595
pH, 586, 587, 595
Bloom serum, electrophoresis pattern of, 629
Body-centered cubic packing, 367, 370
Body-centered cubic unit cell, 368, 369
metals and, 868
Bohr, Niels, 70-71
Bohr radius, 97
Boiler scale, 754
Boiling, 272
Boiling point, 361-362
of covalent binary hydrides, 352
dipole moment and, 349
of group 1A elements, 123
of group 2A elements, 125
of group 4A elements, 774
of group 5A elements, 783
of group 7A elements, 126
of group 8A elements, 127
of hydrogen, 731
normal, 361
of solution, 403
Boiling-point elevation of solutions, 409-413
Boltzmann, Ludwig, 647
Boltzmann equation, 647—649
Bomb calorimeter, 274-275
Bond angles, 158
Bond dipoles, 344
Bond dissociation energy (D), 138—-139, 284—-285
Bonding molecular orbitals, 173, 176
Bonding pairs, 144
Bond length, 136
Bond order, 145-146, 174
Boranes, 144, 772
Borazine, 185
Boric acid, 634
Born-Haber cycle, 114-115
Boron, 7, 12, 144, 770, 771-772
compounds, 772
electron configuration of, 84
ionization energy of, 107
properties of, 770-771
in semiconductors, 771, 875
symbol, 4
Boron carbide, 882, 884
Boron halides, 772
Boron hydrides/boranes, 144, 772
Boron trifluoride, 185, 574
Borosilicate glass (Pyrex), 376
Boyle, Robert, 37
Boyle's law, 310-311, 315

kinetic-molecular theory of gases and, 322, 323
Bragg, William H., 365
Bragg, William L., 365
Bragg equation, 366
Branched-chain alkanes, 902
Brass, 821
Breathing, oxygen transport and, 524-525
Bromine, 6, 7, 10, 11, 127, 237, 238, 430, 435,
491, 912
addition to alkenes, 917
as diatomic molecules, 100
properties of, 126
symbol, 4
vapor, 359
Bromine pentafluoride, 164
meta-Bromoethylbenzene, 919
Bromomethane, 458-459
Bromthymol blue, 547, 548
Brgnsted, Johannes, 539
Brgnsted-Lowry acids, 538-540
Brgnsted-Lowry bases, 538-540
Bronze, 821, 863
Buffer capacity, 597-598
Buffer solutions, 595-598
buffer capacity, 597-598
Henderson-Hasselbach equation and, 599-601
hydronium ion added to, 597
hydroxide added to, 595-596
Buret, 18, 207
Butane, 138, 287, 300, 349, 532, 902, 903, 908
Butanethiol, 221
Butanoic acid, 925, 928
1-Butanol, 394
2-Butanone, 924
Butene, 916
1-Butene, 914, 916
2-Butene, 914-915
cis-2-Butene, 915
trans-2-Butene, 915
Butyl, 908
sec-Butyl, 908
tert-Butyl, 908
tert-Butyl chloride, 533
1-Butyne, 916
2-Butyne, 916

C
Cadmium selenide, 793
Caffeine, 219
Calcium, 6, 7, 10, 812
electron configuration of, 810
properties of, 125
symbol, 4
Calcium bromide, 118
Calcium carbonate, 329, 500-502, 577, 614, 618
Calcium chloride, 713



Calcium fluoride, 612, 613, 614 Carbon disulfide, 384

Calcium hydride, 737 Carbon fibers, 887
Calcium hydroxide, 234 Carbonic acid, 559, 560, 571, 777
Calcium oxalate, 612 Carbonic anhydrase, 477
Calcium phosphate, 788 Carbon monoxide, 143, 281, 454-455, 459-460,
Calcium silicate, 866 476, 776, 825
Calcium sulfite, 577 in Mond process, 865
Calculations, converting from one unit to another, Carbon nanotubes, 775
25-28 Carbon neutral, 294
Calculators, 23 Carbon-oxygen double bond, 375
Calomel electrode, 699 Carbonyl group, 923
Calorie (Cal), 21 Carboxyhemoglobin, 776
calorie (cal), 21 Carboxylate anion, 925
Calorimeter, 274-275 Carboxylic acids, 913, 923, 924, 925
bomb, 274-275 Cars
Calorimetry, 274—-280 electric, 706
Camphor, 411 fuel-cell powered, 707, 757
Candela (cd), 12 Carvone, 178-179
Caproic acid, 212-213 Cast iron, 866
Carats, 28 Catalysis, 470-474
Carbides, 778 enzyme, 477-478
Carbon, 6, 7, 9, 11, 40, 144, 374-375, 774-778 Catalysts, 470-474
atomic mass, 48 effect on equilibrium, 520-521
carbides, 778 heterogeneous, 474-476
carbonates, 777 homogeneous, 474-476
compounds, 775-778 Catalytic converters, 476
electron configurations of, 166 Cathode, 41, 683-684
formation of, 57 corrosion and, 708-709
in human body, 5 Cathode ray, 41
hybrid orbitals and, 901 Cathode-ray tubes (CRTSs), 41, 92
isotopes, 50 Cathodic protection, 709-710
multiple covalent bonds with, 900 Cations, 101
organic chemistry and, 899 acidic, 569-570
oxides of, 776, 776777 galvanic cells and, 681-686
properties of, 774 ionic liquids and, 379
symbol, 4,5 metal, 626-627
tetravalent, 899 radii of, 104-105
Carbonate ion, 121 solubility and, 230
Carbonates, 320, 777 Caustic potash (potassium hydroxide), 234, 549
Carbon atoms, 45, 46 Caustic soda (sodium hydroxide), 208, 226, 234,
Carbon black, 775 549, 602-605, 610-611, 681, 731-714
Carbon-carbon double bond, 169, 915 Cavendish, Henry, 731
Carbon-carbon triple bond, 170 Cell potential (E), 688-689
Carbon dioxide, 143, 743, 769 composition of reaction mixture and, 695-698
in air, 305 free-energy changes and, 710
atmospheric, 330 Nernst equation and, 695-698
carbonation, 776 standard, 700-702
dipole moment of, 345 Cell voltage, 688-689
phase diagram of, 377-378 Celsius (°C) degree, 15
production and uses of, 776777 conversion to and from Fahrenheit, 16
standard free energy of formation for, 661 centi-, 13
standard heat of formation for, 281 Centimeter (cm), 14
standard molar entropy for, 652 Ceramic composite, 887
structure of, 148 Ceramic-metal composites (cermets), 887
supercritical, 777 Ceramic-polymer composites, 887

uses of, 776777 Ceramics, 880, 882—886



advanced, 882
nonoxide, 882
oxide, 882
properties of, 882
Cermets, 887
Cesium, 10, 123, 124
CFCs (chlorofluorocarbons), 330-331
Chain reaction, 331
Changes of state. See Phases changes
Charcoal, 775
Charge clouds
five, 160-161, 170-171
four, 159-160
six, 162-163, 170-171
three, 158
two, 158
Charge-to-mass ratio (e/m), 42—-43
Charles's law, 311-312, 315
kinetic-molecular theory of gases and, 322, 323
Chelate, 826
Chelate ring, 826
Chelating agents, 826
Chemical bonds, 99-102
bent, 789-790
covalent. See Covalent bonds
double, 145
H-A, 570-571
ionic. See lonic bonds
in metals, 868—-872
pi, 169, 170, 177
sigma, 165
single, 145
three-center, two-electron, 772
in transition metal complexes, 825-827
triple, 145
Chemical compounds, 37, 39
aromatic, 918-920
boron, 772
carbon, 775-778
containing only second-row elements, 147-149
coordination. See Coordination compounds
(metal complexes)
inorganic, 775
ionic. See lonic compounds
naming
binary ionic, 118-120
ionic, 117-122
molecular, 142-143
nitrogen, 785-788
nonstoichiometric
organic, 775
phosphorus, 790-793
with polyatomic ions, 120-122
sulfur, 796—-798
Chemical energy, 264
Chemical equations, 38

balancing, 189-192
ionic, 229, 235-236
molecular, 229
rate laws and, 435
Chemical equilibrium, 227, 291-292, 491. See
also under Equilibrium
acid-dissociation, 538
calculating concentrations, 505-510
changes in concentration and, 512-515
changes in pressure and, 515-517
changes in temperature and, 518-520
changes in volume and, 515-517
chemical kinetics and, 522-523
effect of catalyst on, 520-521
equilibrium constant (K.), 493-497, 494
using, 502-510
equilibrium constant (K), 498-500
equilibrium state, 492—493
free energy and, 665-668
heterogeneous, 500-502
heterogeneous equilibria, 500-502
homogeneous, 500
Le Chatelier's principle and, 510-512
oxygen transport and, 524-525
saturated solution, 399
solubility and, 616—-617
in solutions of weak acids, 551-553
calculating, 553-558, 560-561
in solutions of weak bases, 562-564
calculating, 563-564
Chemical formulas, 38, 136
empirical, 209-213
molecular, 209, 212-213
percent composition and, 208-211
Chemical kinetics, 429
Arrhenius equation, 467
using, 468-470
catalysis, 470-474
enzyme, 477-478
homogeneous and heterogeneous catalysts,
474-476
first-order reactions, 441, 451
half-life of, 444-446
integrated rate law for, 441-444
radioactive decay rates, 446—-449
rate laws, 434—-436
for elementary reactions, 457-459
experimental determination of, 436—440
integrated rate law for first-order reaction,
441-444
for overall reactions, 459-463
reaction mechanisms, 454-457, 461-463
reaction order, 434-436, 451-452
reaction rates, 429-434, 430
temperature and, 464—467
second-order reactions, 449-453



zeroth-order reactions, 453-454
Chemical properties, 9, 10
of elements, 9-12
examples, 10
Chemical reactions, 50, 189
acid-base neutralization reactions, 225-226,
235-236
of alkali metals, 123-125
of alkaline earth metals, 125
of alkanes, 911-912
of alkenes and alkynes, 916-917
of aromatic compounds, 918-920
bimolecular, 455, 459
elementary, 454, 522
rate laws for, 457-459
energy changes in, 265
enthalpy and, 269-270
expansion work in, 267-269
first-order, 441-444, 451
free-energy changes and composition of
reaction mixture, 663—665
half-life of, 444—-446
of halogens, 126-127
heat of reaction, 269-270
judging extent of, 502-503
with limiting amounts of reactants, 199-202
multistep reactions
with initial fast step, 460-461, 462—463
with initial slow step, 459-460, 462
of noble gases, 127
order of, 434-436, 451-452
oxidation-reduction reactions, 226, 236—239
precipitation reactions, 225, 230-232
predicting direction of, 503-505
rates of, 429-434, 430, 464—-467
second-order, 449-453
side, 197
speed of, 428
in studies of reaction mechanisms, 461-463
termolecular, 455-456, 459
unimolecular, 455, 459
yields, 197-199
zeroth-order, 453-454
Chemicals
top ten U.S. production, 766
toxicity and, 29
Chemical symbols, 192-193
Chemical vapor deposition, 878
Chemistry, 3
green, 253-254
inorganic, 899
organic. See Organic chemistry
Chiral, 837-838
Chloral hydrate, 186
Chlor-alkali industry, 713—-714
Chlorate, 120, 121

Chlorate salts, 799
Chloric acid, 234
Chloride ion, 825
Chlorine, 6, 7, 10, 101, 766
addition to alkenes, 917
as diatomic molecule, 100, 141
manufacture of, 713-714
oxidation number of, 238, 239
oxygen and, 755
properties of, 126
reactions of, 126-127
in redox reaction, 241
symbol, 4
water and, 755
Chlorine molecule, 100, 141
Chlorine trifluoride, 161
Chlorite, 120, 121
Chlorobenzene, 919
Chlorofluorocarbons (CFCs), 330-331
Chloroform, 29, 141-142, 332, 337, 411, 911
Chloromethane, 89, 181, 344-345, 530, 900
para-Chloronitrobenzene, 919
Chlorous acid, 234
Cholesterol, 391
Chromate ion, 819-820
Chromium, 87, 810, 817, 818-820, 865
Chromium(lll), 818-819
Chromium(Ill) hydroxide, 819
Chromium(IV) compounds, 820
Chromium oxides, 746
Cinnabar, 794, 862, 865
Cinnamaldehyde, 185
Cis isomers, 833, 836
Cisplatin, 200-201, 485, 823, 833
Cis-trans isomers, 915
Citric acid, 211, 302, 528, 536, 537, 638
Clausius-Clapeyron equation, 360—362, 418
Coal gasification, 577
Cobalt, 810, 812
Cocaine, 935
Codeine, 563
Coefficients, 190
Coke, 252, 775
Cold packs, 393
Colligative properties, 403
uses of, 415-417
Collision theory, 464—-466
Colloids, 389
Color
quantum dots and, 889
of transition metal complexes, 840-842
Color wheel, 841
Combustion, 38, 251, 266, 274, 643
heat of, 285-287
Combustion analysis, 211-213
Combustion enthalpy (AH°.), 285—-287



Common-ion effect, 590-594, 592
solubility and, 616—617
Compact fluorescent lights, 92
Complex ions, 619
solubility and formation of, 618-622
Composites, 861, 887—-888
Compounds
coordinate, 840-845
Compressibility, 305-306
Concentrated solution, 394
Concentration
calculating, 505-510
in solution, 228
changes in, 512-515
common-ion effect and, 591-594
equilibrium, 553-558
equilibrium equations and, 494
in equilibrium mixture, 512-515
of pure liquid, 612
of pure solid, 612
of reactants during zeroth-order reaction, 453
of reactants in solution, 202—204
units of, 394-399
voltage and changes in, 697-698
Concentration-time equation, 441
Condensation, 355
Condensed phases, 390
Condensed structures, 903-904
Conduction band, 873
Conductors, 870
Conformations, 904
Conjugate acid, 538
Conjugate acid-base pairs, 538, 542, 564-565
Conjugate base, 539
Conservation of energy law, 263
Conservation of mass, 37-39, 40, 189
Constitutional isomers, 831
Constructive interference, 365
Contact process, 797
Conversion factor, 25—-26
Coordinate covalent bonds, 146, 232, 618
Coordination chemistry
coordination compounds. See Coordination
compounds (metal complexes)
enantiomers and molecular handedness, 837—
840
isomers, 831-837
valence bond theory, 842—-845
Coordination compounds (metal complexes), 810,
823-824, 827-831. See also Isomers
bonding in, 842—-845
color of, 840-842
crystal field theory and, 845-850
ligands, 825-827
naming, 827-831
shapes of, 823-824

Coordination number, 367, 823
Copper, 6, 9, 11, 39, 48, 810, 812, 813, 821-822
crystallization arrangement of, 367
electron configuration of, 87, 810
electrorefining of, 715-716
oxidation of, 815, 821-822
reaction with iron, 242
reaction with silver, 243
refining, 865, 866
symbol, 4
uses of, 861
Copper(l) chloride, 372-373
Copper(ll) hydroxide, 822
Copper(ll) sulfate pentahydrate, 822
Copper sulfate, in galvanic cell, 681-685
Copper sulfides, 821
Core electrons, 106
Cork, density of, 18
Corrosion, 224, 240, 252, 430, 708-710
prevention of, 709-710
Coulomb (C), 42, 688
Coulomb's law, 116
Covalent binary hydrides, 352
Covalent bonds, 99-101, 135
coordinate, 146, 618
electron-dot structures, 144-147
formal charges, 155-157
of polyatomic molecules, 147-153
resonance and, 153-155
ionic vs., 139
molecular orbital theory, 172-174
molecules and, 135-138
in organic molecules, 900
pi, 169, 170, 177
polar, 140-142, 900
dipole moments and, 344-347
in organic molecules, 900
second-row elements and, 768-769
sigma, 165
strengths of, 138-139
valence bond theory, 165-166
Covalent hydrides, 737-738
Covalent network solids, 363, 364
carbon, 374-375
silica, 375-376
structures of, 374-376
Covalent oxides, 743
Critical point, 377
Critical temperature (T,), 377
CRTs (cathode-ray tubes), 41
Cryolite, 714
Crystal field splitting, 846—848
Crystal field theory, 845-850
octahedral complexes, 845-849
square planar complexes, 849-850
tetrahedral complexes, 849-850



Crystalline solids, 362—-364
covalent network, 363, 364
ionic, 362, 364
metallic, 364
molecular, 362—363, 364
packing of spheres in, 366—368
unit cells, 368-372

Cubic centimeter (1 cm®), 17

Cubic closest-packed arrangement, 367, 370

Cubic decimeter (1 dm®), 17

Cubic meter (m®), 17

Curl, Robert F., Jr., 775

Cyanide ion, 825

Cyanides, 120, 121, 777-778

Cycloalkanes, 909-911

Cyclobutane, 910

Cyclohexane, 184, 910

Cyclohexanol, 920

Cyclohexanone, 924

Cyclooctatetraene dianion, 187

Cyclopentane, 910

Cyclopropane, 444, 534, 910

Cysteine, 218

Cytosine, 217

D
Dacron, 925, 931
Dalton, John, 39-40
Dalton (Da), 46
Dalton's law of partial pressures, 320-322, 323,
408
Daniell, John Frederick, 683
Daniell cell, 683, 686
Davy, Humphrey, 232, 712
d-block elements, 87, 809. See also Transition
elements
d-block metals, 862, 863
DDT, 29
de Broglie, Louis, 71
de Broglie equation, 72
Debyes (D), 344
1-Decanol, 383
Decay, 50
Decay constant, 447-449
Deci-, 13
Degenerate, 84
Degenerate energy levels, 870
Degree Celsius (°C), 15
Deka-, 13
Demaocritus, 37
Density, 18
of alkali metals, 123
calculating, 20, 371
of ceramics, 883
to convert mass percent concentration to
molarity, 396

to convert molality to molarity, 398
to convert molarity to other concentration
measures, 398-399
of gas, 318, 319
of group 2A elements, 125
of group 3A elements, 771
of group 4A elements, 774
of group 7A elements, 126
ideal gas law and, 318, 319
measuring, 18—-20
temperature and, 18-19
of transition elements, 813-815
units of, 17
of water, 18-19
Deoxyribonucleic acid (DNA), 351
Deposition, 355
Derived units, 16-17
for measuring density, 18-20
for measuring volume, 16-18
Desalination, 415-416
Desflurane, 332, 333
Destructive interference, 365
Deuterium, 46, 732—733
dextro-, 178
Dextromethorphan, 178-179
Diacids, 931
Dialcohols, 931
1,3-dialkylimidazolium ions, 379
Dialysis, 420
Diamagnetic, 175
Diamond, 374-375, 661, 774, 873, 874
Diastereoisomers, 831, 832—-835
Diatomic molecules, 100
molecular orbital theory and, 172-176
Diatomic oxygen, 748
Diazepam (Valium), 919
Diborane, 738, 772
1,2-Dichlormethane, 220
Dichlorodifluoromethane, 386
1,2-Dichloroethane, 676
Dichloromethane, 199
1,2-Dichloromethane, 917
Dichromate ion, 819-820
Diethyl ether, 198-199, 298, 411, 528, 922
Diffraction, 364—365
Diffusion, 325-327
Dihydrogen phosphate, 121
Dihydrogen phosphate ion, 634
Dilute solution, 394
Diluting concentrated solutions, 204-205
Dimensional-analysis method, 25-26
Dimer, 534
Dimethylamine, 562, 563, 582, 922, 928
N,N-Dimethylbenzamide, 928
ortho-Dimethylbenzene, 919
Dimethyl ether, 903, 913



2,6-Dimethyloctane, 908
2,2-Dimethylpropane, 350, 351, 902
Dimethyl sulfoxide, 184
Dinitrogen pentoxide, 430, 431-433
Dinitrogen tetroxide, 143, 492, 503, 786
Diode lasers, 876, 878
Diodes, 876-877
Diopside, 780
Dioxygen, 741, 751
Diphosphoric acid, 792
Dipole, 344
molecular, 344
Dipole-dipole forces, 347, 348-349, 353, 648
Dipole moment, 344-347, 648
boiling points and, 349
calculating percent ionic character from, 345
of common compounds, 344
Diprotic acid, 233, 560
Diprotic acid-strong base titrations, 609-612
Direct methanol fuel cell (DMFC), 707
Disproportionation, 749
Dissociation, 226—227
of alanine cation, 609
percent, 558
van't Hoff factor and, 405
of water, 543-545, 544, 564
Dissociation constants
acid-. See Acid-dissociation constant
base-, 562
decrease of successive, 791
for polyprotic acids, 559
Dissociation reactions, 539
Distillation, 286
fractional, 417-419
DMFC. See Direct methanol fuel cell
DNA, 351
Débereiner, Johann, 6
Doping, 874
d orbitals, 78-79, 170
metal complexes and, 846—-847, 849—-850
shapes of, 849-850
Double bonds, 145
carbon-carbon, 169, 915
carbon-oxygen, 375
in oxygen, 741
silicon-oxygen, 375
Downs cell, 713
Drugs, handedness and, 178-179
Dry-cell batteries, 704
Dry ice, 272, 378, 776
dsp2 hybrid orbitals, 843, 844
d’sp® hybrid orbitals, 842, 843, 844
d subshell, 74
Dyes, 919, 932
Dysprosium, 55

E
Earth
atmosphere, 328-331
carbon in crust, 773
density of, 18
hydrogen and, 732
iron in crust, 820
most abundant elements in crust, 765
oxygen in crust, 741
phosphorus in crust, 788
relative abundance of elements on, 5
silicon and oxygen in crust, 375
sulfur in crust, 794
titanium in crust, 851
water on, 225, 752, 753
Effective nuclear charge (Ze), 83
ionic radii and, 105
ionization energy and, 109
octet rule and, 112
periodic table and, 767
of transition elements, 814
for valence-shell electrons, 90-91
Effusion, 325-327
Einstein, Albert, 69, 72
eka-aluminum (gallium), 7
eka-silicon (germanium), 7
Electrical conductivity
of aqueous solutions, 227
of semiconductors, 873-875
Electrical insulators, 870-871
Electric cars, 27, 706
Electric current, 12
Electrochemical art, 719
Electrochemical cells, 681, 681
Electrochemical determination of pH, 698-700
Electrochemistry, 681
batteries, 681, 702—-706
cell potentials, 688—689, 695-698
corrosion, 708-710
electrochemical art, 719
electrochemical determination of pH, 698—700
electrolysis, 710-713
commercial applications of, 713—716
guantitative aspects of, 716-718
free-energy changes for cell reactions, 688—689
fuel cells, 706-707
galvanic cells, 681-686
shorthand notation for, 686—688
Nernst equation, 695-698, 696
standard cell potentials, 700-702
standard reduction potentials, 689-693, 691
using, 693-695
Electrodes, 41, 683
calomel, 699
glass, 699
standard hydrogen, 690-691



Electrolysis, 710-713
of aqueous sodium chloride, 711-712
commercial applications, 713-716
aluminum manufacture, 714-715
chlorine manufacture, 713-714
electroplating, 716
electrorefining, 715-716, 865, 866
sodium hydroxide manufacture, 713-714
sodium manufacture, 713
copper purification and, 866
of molten sodium chloride, 710-711
guantitative aspects of, 716-718
separating hydrogen isotopes by, 733
of water, 712, 733
Electrolytes, 226
in aqueous solution, 226-228
classification of common substances, 228
strong, 227, 233, 541
weak, 227, 233
Electrolytic cells, 681, 710-713
Electromagnetic energy, 64
atomic line spectra and, 66—69
particlelike properties of, 69-71
Electromagnetic spectrum, 64—66
visible and invisible regions of, 66—-68
Electromagnetic waves, interference of, 365
Electromotive force (emf), 688
Electron affinity (Eea), 96, 110-111
electronegativity and, 141
of group 7A elements, 126
Electron capture, 52-54
Electron configurations, 83-86
anomalous, 87
excited-state, 166
ground-state, 83-86
ionization energies and, 106—107
of ions, 102-104
of multielectron atoms, 83—86
noble gas, 102-103
periodic properties and, 89-91
periodic table and, 87-89
of transition elements, 810-812
valence-shell, 87-89
Electron-dot structures, 144-147
formal charges, 155-157
of polyatomic molecules, 147-153
resonance and, 153-155
Electronegativity (EN), 141-142
acid strength and, 570-572
oxidation numbers and, 238
Electron-electron repulsions, 136
Electronic balance, 14
Electrons, 42-43, 44, 57
core, 106
Heisenberg uncertainty principle and, 73
wave functions, 73-76

Electron-sea model, 868-869
Electron shielding, 82—-83, 90
Electron spin, 82
Electrophoresis, 628-629
Electroplating, 716
Electrorefining, 715-716
Electrostatic potential maps, 140, 344, 570-571
Elemental analysis, 211-213
Elemental chlorine, 252
Elementary reaction/step, 454, 522
rate laws for, 457-459
Elements, 4-6, 37
activity series of, 242-244
change into another, 50
chemical properties of, 9-12
common, 4
ground-state electron configuration of, 84—86
origin of, 57
periodic table and, 6-9, 87-89
relative abundance in human body, 5
relative abundance on Earth, 5
symbols, 4, 5
Emerald, 780
Empirical formula, 209-213
calculating from percent composition, 210
determining using elemental analysis, 211-213
Enantiomers, 831, 837-840
Endothermic reactions, 273, 518
N, molecule reactions as, 785
solutions and, 393
Energy, 20, 263
activation. See Activation energy
of an ideal gas, 649
biofuels and, 294-295
bond dissociation, 138-139, 284-285
calorimetry, 274-280
chemical, 264
conservation of, 263-264
electromagnetic. See Electromagnetic energy
enthalpy and, 269-270
of physical and chemical change, 272-274
entropy, 287-289
expansion work and, 267-269
fossil fuels, 285-287
free. See Free energy
heat capacity, 275-280
heat of combustion, 285-287
Hess's law, 278-280
internal, 265—-267
ionization. See lonization energy
kinetic, 20, 263, 649
lattice. See Lattice energy
measuring, 20-21
potential, 20, 263
radiant, 64
solar, 669-670



standard heat of formation, 281-283

thermal, 264

thermodynamic standard state, 271-272

units of, 17
Energy changes, 263-267

electron affinity and, 110-111

ionic bonds and, 113-114

measuring, 265

net, 114

solution process and, 390-394
Enthalpy change (AH), 270, 654

Hess's law and, 278-280

phase changes and, 355-356

in solutions, 392—-394

standard heat of formation and, 281
Enthalpy (H), 270, 290

of, 272

of chemical change, 273-274

combustion, 285-287

of fusion, 272, 357, 412

of physical change, 272-273

of solution, 392—-393

spontaneous processes and, 643—-647

standard enthalpy of reaction, 271

of vaporization, 272, 357, 405, 411
Enthalpy of solution (AHg), 392—-393
Entropies of vaporization (AS,4p), 405-406, 411
Entropy change in the surroundings (ASs,r), 654—

655

Entropy (S), 287-289, 290, 669—670

absolute, 651

of fusion, 412

probability and, 644, 647—-649

second law of thermodynamics and, 653—655

of solutions, 392

spontaneous processes and, 643—647

standard molar, 651-652

temperature and, 650-651

of vaporization, 358

for pure solvent, 405-406, 411

Enzyme catalysis, 477-478
Enzymes, 429, 471, 628
Epoxy, 887
Equatorial positions, 160
Equilibrium constant expression, 494
Equilibrium constants

K, 493497, 494, 499-500, 522-523

using, 502-510

Kp, 498-500

standard cell potentials and, 700-702

standard free-energy change and, 667
Equilibrium equations, 494-496

for heterogeneous equilibria, 500-501
Equilibrium mixtures, 491. See also Mixtures

concentration changes in, 512-515

factors altering composition of, 510-512

Le Chatelier's principle and, 510-512, 513-520
pressure and volume changes in, 515-517
temperature changes in, 518-520
Equilibrium state, 492-493
Equivalence point, 601-605, 608, 610-611
Esters, 913, 923, 924, 925-926
Estradiol, 426, 918
Ethanal (acetaldehyde), 913, 924
Ethanamide (acetamide), 913
Ethane, 138, 147, 164, 532, 772, 900, 902, 907,
913,914
1,2-Ethanediol, 931. See Ethylene glycol
Ethanoic acid. See Acetic acid
Ethanol, 433
as alternative fuel, 287, 294
heat of fusion for, 358
heat of vaporization for, 358
production of, 917, 921
standard free energies of formation for
standard heat of formation for, 281
structure of, 300, 528, 675
surface tension of, 354
thermochemical properties of, 285
viscosity of, 354
Ethene. See Ethylene
Ethers, 360, 913, 922
Ethyl acetate, 300, 425, 485, 519, 925, 926
Ethyl alcohol, 19, 29, 136, 199, 285, 336, 390,
411, 903
Ethylamine, 582
Ethylammonium nitrate, 379
Ethyl chloride, 193, 298
Ethylene chloride, 220
Ethylenediamine, 825, 826
Ethylenediaminetetraacetate ion, 825, 826
Ethylene dichloride, 766
Ethylene (ethene), 675, 766, 912, 914, 929
bonding in, 900, 901
catalytic hydrogenation of, 474—-475
ethyl chloride and, 193, 194-195
hybridization in, 168
shape of, 164
standard free energies of formation for, 661—
662
standard heat of formation for, 281
standard molar entropy for, 652
structure of, 532
Ethylene glycol, 181, 199-200, 398, 424, 528,
921, 931
Ethylene oxide, 528, 676
Ethyl group, 907
Ethyne (acetylene). See Acetylene
Eutrophication, 792
Evaporation, 356, 358-362
Excess reactant, 200
Excited-state configuration, 166



Exothermic, 273 Formation constant (Ky), 619

Exothermic reaction, 273, 518 Formic acid, 435, 552, 634
solutions and, 393 Formula mass, 193
Expansion work, 267-269 Formula unit, 190
Experimentation, 3-4 Forward bias, 877
measurement and, 12—-13 Fossil fuels, 285-287, 330
Extended three-dimensional array, 746 Fractional distillation, 417-419
Extensive property, 9 Fractional distillation column, 419
heat capacity and, 275 Francium, 5, 10, 54, 123
standard reduction potentials and, 693 Franklin, Benjamin, 215-216
Free-energy change, 653
F cell potentials and, 688, 710
Face-centered cubic unit cell, 369, 372-373 dissolution of solute in solvent, 391
Fahrenheit (°F) scale, 15 Gibbs, 290
conversion to and from Celsius, 16 phase changes and, 355-356
Faraday, Michael, 688, 716 of reaction mixture, 663-665
Faraday/Faraday constant (F), 688 solution process and, 390-394
f-block elements, 87, 810 standard, 658—-661
Feldspars, 780 Free energy (G), 290-293, 656—658
Femto-, 13 chemical equilibrium and, 665-668
Fermentation, 282 as extensive property, 693
Ferric chloride, 119 standard free energy of formation, 661-663
Ferrous chloride, 119 standard reduction potentials and, 693-694
Fibers, composites and, 887-888 Freezing, 355
Fireworks, 67 Freezing point, 403, 412
First law of thermodynamics, 264, 265, 653 Freezing-point depression, 409—-413
First-order reactions, 441-444, 451 Frequency factor, 467
half-life of, 444-446 Frequency (v), 64, 65
integrated rate law for, 441-444 calculating energy of photon from, 71
Fischer-Tropsch process, 474 calculating from wavelength, 65-66
Flame tests, 627 a-D-fructofuranosyl-a-D-glucopyranoside, 117
Floating-bulb thermometer, 2 f subshell, 74
Flotation, 863-864 Fuel-cell car, 757
Fluids, supercritical, 777 Fuel cells, 680, 706-707, 757
Fluorapatite, 618, 788 hydrogen, 706—-707
Fluorides, xenon, 127 Fuel efficiency, 285-287
Fluorine, 7, 10, 144, 309 Fuels
as diatomic molecule, 100, 174, 175 biodiesel, 294-295
electron configuration of, 85 biofuels, 294—-295
electronegativity of, 141 fossil, 285-287
properties of, 126 Fullerene, 374, 375, 775, 882-883
reactions of, 126-127 Functional groups, 912-914
reaction with water, 754 Fusion (melting), 355
symbol, 4
Fluorine-doped lanthanum oxide iron arsenide, G
883 Galena, 783, 794
Fluorine-doped praseodymium compound, 883 Galileo, 2
Fluorine molecule, 100, 174, 175 Gallium, 7, 770, 771
Fluoxetine (Prozac), 218 Galvani, Luigi, 681
f orbitals, 78-79 Galvanic cells (voltaic cells), 681-686, 690-692
Force, 306 batteries, 702—706
units of, 17 designing, 685
Formal charges, 155-157 shorthand notation for, 686—-688
Formaldehyde (methanal), 152, 158-159, 923, standard reduction potentials, 689-693
924 Galvanizing, 709

Formalin, 923 Gamma (y) radiation, 51, 52, 53, 64



Gangue, 863
Gas chromatograph, 211
Gas constant (R), 314-315
Gas(es), 305-309, 343
anesthetics, 332-333
behavior of real, 327-328
critical point and, 377
Dalton's law of partial pressures, 320-322, 323
diffusion of, 325-327
Earth's atmosphere, 328-331
effusion of, 325-327
entropy and, 288
Graham's law, 325-327
ideal, 310
kinetic-molecular theory of, 322-325
molecular view of, 306
partial pressure and, 320-322
phase changes and, 355-358
phase diagrams, 376—378
pressure and solubility of, 401
relation of volume with amount, 312-314
relation of volume with pressure, 310-311
relation of volume with temperature, 311-312
solubility of, 400-401
standard free energies of formation, 661
standard molar entropies of, 652
stoichiometric relationships with, 317-320
synthesis of, 734
Gas laws, 310-314
Avogadro's law, 312—-314, 315, 323
Boyle's law, 310-311, 315, 322, 323
Charles's law, 311-312, 315, 322, 323
ideal gas law, 314-317
Gasoline, 911
synthetic, 474
Gas-phase reactions
change in entropy and, 646
writing equilibrium equations for, 495
Gas pressure, 306-309
Gel, 884
Geometric isomers, 832
Germanium, 7, 12, 774, 782-783, 873, 874
Giant's Causeway (Ireland), 62
Gibbs, J. Willard, 656
Gibbs free-energy change (AG), 290
Giga-, 13
Glass, 376
Glass electrode, 699
Global warming, 329-330
Glucose, 137, 210-211, 252, 281, 286, 294, 924
Glycerin, 254
Glycerol, 354, 921
Glycinate ion, 825
Glycine, 184, 599
Gold, 4, 6, 9, 11, 18, 36, 45, 55, 244, 774, 778,
862, 863, 865

Gold-197, 53
Graduated cylinder, 18
Graham, Thomas, 325
Graham's law, 325-327
Grain alcohol, 921
Gram (g), 14
conversion to moles, 195
Graphite, 285, 374, 375, 661, 774-775
Gravity
origin of elements and, 57
weight and, 14
Gray tin, 783
Green chemistry, 253-254
Greenhouse effect, 329
Ground-state electron configuration, 83—-86
assigning to atom, 88
identifying atom from, 88—89
Group (periodic table), 7, 8
Group | cations, 626
Group 1A cations, 119, 230
Group Il cations, 626
Group 2A cations, 119
Group Il cations, 626
Group IV cations, 627
Group V cations, 627
Group 1A elements (alkali metals), 7, 10, 122-125
hydroxides, 549
ion formation, 103
ionic radii of, 104—-105
ionization energy of, 106, 122
molecular configurations of ions, 103
noble gas electron configuration of, 112
properties of, 122-123
reactions of, 123-125
in redox reactions, 241
as reducing agents, 244
valence-shell configurations, 87
water and, 123-124
Group 2A elements (alkaline earth metals), 7, 10
cations, 119
electron affinities of, 110-111
hydroxides, 549
ion formation, 103
ionic radii of, 104—-105
ionization energy of, 107
molecular configurations of ions, 103
noble gas electron configuration of, 112
properties of, 125
reactions of, 125-126
in redox reactions, 241
as reducing agents, 244
valence-shell configurations, 87
Group 3A elements, 770-773
aluminum, 773
boron, 771-772
covalent bonds and, 144



noble gas electron configuration, 112
properties of, 770-771

Group 4A elements, 773-783
band gaps for, 874
carbon, 774-778
covalent binary hydrides of, 352
covalent bonds and, 145
germanium, 782-783
lead, 783
properties of, 773-774
silicon, 778-782
tin, 782—783

Group 5A elements, 783-793

boiling points of covalent binary hydrides, 352

covalent binary hydrides of, 352
covalent bonds and, 145
nitrogen, 784-788
phosphorus, 788-793
properties of, 783

Group 6A elements, 793—-798

boiling points of covalent binary hydrides, 352

covalent binary hydrides of, 352
covalent bonds and, 145

ion formation, 103

ionization energy of, 107

molecular configurations of ions, 103
properties of, 793

sulfur, 794-798

Group 7A elements (halogens), 7, 10, 798—799

alkali metals reacting with, 123
aluminum reactions with, 773
boiling points of, 352

covalent binary hydrides of, 352
covalent bonds and, 145

electron affinities of, 110-111

ion formation, 102—-103

ionic radii of, 105

London dispersion forces and, 350
melting points of, 350

molecular configurations of ions, 103

noble gas electron configuration of, 112

oxidation numbers of, 238-239
as oxidizing agents, 241
oxoacids of, 798
properties of, 126
reactions of, 123, 125, 126-127
Group 8A elements (noble gases), 7, 11
covalent bonds and, 145
electron affinities of, 110-111
electron configuration of, 112
ionization energy of, 106
octet rule and, 112
properties of, 127
reactions of, 127
g subshell, 74
Guldberg, Cato Maximilian, 494

Gypsum, 794

H
Haber, Fritz, 521
Haber process, 653
free-energy change and, 658—659
Hess's law and, 278
hydrogen and, 735
Le Chatelier's principle and, 510-511, 512,
515-516, 518-519, 520-521
nitrogen and, 784, 785
spontaneous processes and, 642
H—A bond, 570-571
Half-cells, 683
Half-life, 444—-446
decay constant and, 447—-449
Half-reaction method, 245-249
Half-reactions, 245
in galvanic cells, 682-683
Halic acid, 798
Halides, 123, 230, 379, 574
aluminum, 773
boron. See Boron
phosphorus. See Phosphorus
pseudo-, 777
Halide salts, 125
Halite, 128
Hall, Charles Martin, 714
Hall-Heroult process, 714-715
Halogenation, 917, 919
Halogens. See Group 7A elements (halogens)
Halothane, 332, 333
Halous acid, 798
Handedness, 178-179, 837-840
Hard water, 754
Heat, 264
Heat capacity (C), 275-280, 651
molar, 276
specific, 276
Heating curve, 356-357
Heat of combustion, 285-287
Heat of fusion (AHqsion), 272, 357—-358
Heat of reaction, 270, 273
Heat of solution, 392
Heat of sublimation, 273
Heat of vaporization, 272, 357-358
Clausius-Clapeyron equation and, 360—-362
Hecto-, 13
Heisenberg, Werner, 73
Heisenberg uncertainty principle, 73
Helium, 11, 18, 48, 309
aufbau principle and, 84
average speed of, 323-325
electron configuration of, 84
heat of fusion for, 358
heat of vaporization for, 358



properties of, 127
symbol, 4
Helium atoms, 45-46
Hematite, 820, 862
Heme, 524, 826-827
Hemodialysis, 420
Hemoglobin, 524-525, 810, 820, 826—827
carboxy-, 776
oxy-, 776
Henderson-Hasselbach equation, 598-601, 599
Henry's law, 401-402
Heroult, Paul, 714
Hertz (Hz), 65
Hess's law, 278-280, 282
Heterogeneous catalyst, 474476
Heterogeneous equilibria, 500-502
Heterogeneous mixtures, 389
Hexacyanoferrate(lll) anion, 829
Hexadentate ligands, 826
Hexafluorophosphate, 379

Hexagonal closest-packed arrangement, 367, 368,

370
1,6-Hexanediamine, 930
Hexanedioic acid, 930
High-spin complex, 844
Hindenburg, 736
Histidine, 148-149
Homogeneous catalyst, 474-476
Homogeneous equilibria, 500
Homogeneous mixtures, 389
gases and, 305-306
Hot packs, 393
Household bleach, 196-197
Human body
blood pH, 586, 587, 595
breathing and oxygen transport in, 524-525
carbonin, 773
density of fat in, 18
density of muscle in, 18
iron in, 820
most abundant elements in, 765
phosphorus in, 788
relative abundance of elements in, 5
superoxide ion in, 749
water in, 225, 753
Human genome, 3
Hund's rule, 84, 85, 810
Hybrid atomic orbitals, 166

atoms with five and six charge clouds, 170-171

for coordination geometries, 842—-843
geometry of, 170

metal complexes and, 842—-844

in organic molecules, 901

sp, 169-170

sp®, 168-169

sp°, 166—168

Hybridization, 166—-168
Hydrated, 391
Hydrated ions, 645
Hydrated protons, 543
Hydrated salts, 755
Hydrates, 755—-756
Hydration, 917
Hydrazine, 146, 147, 278, 562, 738, 785, 786
Hydrides
binary, 736-741, 740
binary metallic, 767
binary nonmetallic, 767
boron, 772
covalent, 737—-738
interstitial, 738
ionic, 737, 739
metallic, 738
hydro-, 234
Hydrobromic acid, 234, 541
Hydrocarbons, 901
Hydrochloric acid, 203, 232, 233, 234, 541
acid-dissociation constants, 552
in gastric juice, 537
in reactions, 226, 229, 587-588, 589
in titrations, 602-603, 607—608
uses, 127
Hydrocyanic acid, 552
Hydrofluoric acid, 234, 541, 552, 553, 571, 754
Hydrogen, 8, 9, 10, 731-732
in activity series, 244
addition to alkenes, 916-917
atomic line spectra, 80-81
binary hydrides and, 736-741
combustion of, 38
electron configuration of, 84
as fuel, 285-287
in human body, 5
isotopes, 46, 55, 732-733
line spectrum of, 67
mass in universe, 5
orbital energy levels of, 75
oxidation number of, 238
preparation and uses of, 734-735
reaction with iodine, 502-503
reaction with nitric oxide, 460-461
reactivity of, 735-736
symbol, 4, 5
thermochemical properties of, 285
Hydrogenation, 917
catalytic, 474-475
Hydrogen atom, 45
Bohr model of, 70-71
Hydrogen bonds, 347, 351-353, 353
in alcohols, 920
hydrogen peroxide and, 750
second-row elements and, 768



Hydrogen carbonate, 121, 777
Hydrogen chloride, 100, 139, 140, 193, 226, 233,
234, 281
Hydrogen-containing compounds, electron-dot
structures of, 147-149
Hydrogen cyanide, 148, 235, 777-778
Hydrogen economy, 757
Hydrogen fluoride, 127, 142, 145
Hydrogen fuel cell, 706-707
Hydrogen halides, 126-127, 738
Hydrogen molecule, 100, 135-136, 144
molecular orbital theory and, 172-174
Hydrogen-oxygen fuel cell, 706—707
Hydrogen peroxide, 146, 252, 440, 471-472, 738,
749-751
Hydrogen phosphate, 634
Hydrogen sulfate, 121
Hydrogen sulfide, 796
Hydrohalic acid, 553
Hydroiodic acid, 541
Hydrolysis, 926
ceramics and, 884
Hydronium ion, 232—-233, 538, 543
addition to buffer solutions, 597
pH and, 546-547
Hydroquinone, 726
Hydroxide ion, 101, 539, 825
Hydroxides, 120, 121, 233
addition to buffer solutions, 595-596
amphoteric, 622—-623, 745
basic, 623
Hydroxyapatite, 618, 788
Hydroxylamine, 562, 785
Hydroxypatite, 612
Hygroscopic, 755
hypo-, 121
Hypochlorite, 120, 121
Hypochlorous acid, 552, 571, 755
Hypochorous acid, 234
Hypohalous acid, 798
Hyponatremia, 29
Hypothesis, 4, 6
Hypoxia, 525

I

-ic, 119

-ic acid, 234

Ice, 362
density of, 18
enthalpy and melting/freezing, 272
melting of, 288, 290, 657
molar heat capacity of, 356
phase changes of, 356-357

-ide, 118, 120, 142

Ideal gas, 310
energy of, 649

Ideal gas law, 314-317
applications of, 317-318
lImenite, 851
Indium, 770, 771
Infrared region, 64
Initial rate, 433
Initial rates method, 436—440
for catalyzed reaction, 473
Initiator, 929-930
Inner transition elements, 810
Inner transition metal groups, 8, 9
Inorganic chemistry, 899
Inorganic compounds, 775
Instantaneous rate, 433
Insulators, 870-871
Integrated rate law, 441-444
for radioactive decay, 447
second-order reactions and, 449-450
Intensive property, 9
Interference, 365
Intermolecular forces, 347-353
comparison of, 353
diatomic hydrogen and, 731
dipole-dipole forces, 348—-349, 353
hydrogen bonds, 351-353
identifying, 353
ion-dipole forces, 348, 353
of liquids, 354, 391
London dispersion forces, 349-350, 353
of solids, 364
surface tension and, 354
van der Waals equation and, 328
viscosity and, 353—-354
Intermolecular solids, crystalline solids and, 362—
363, 364
Internal energy (E), 265-267
International System of Units (SI), 12
International Union of Pure and Applied Chemistry
(IUPAC), 906
Interstitial hydrides, 738
lodic acid, 798
lodide ion, 440
lodine, 6, 10, 11, 126, 127, 238, 799
as diatomic molecule, 100
reaction with hydrogen, 502-503
symbol, 4
lodine molecule, 100
lon-dipole forces, 347, 348, 353
lon exchange, 754
lonic bonds, 99, 101-102
formation of ionic solids and, 113-115
intermolecular forces and, 348
lonic compounds
binary, 118-120
covalent compounds vs., 139
naming, 117-122



with polyatomic ions, 120-122 Iron(lll) oxide, 273, 281

precipitation of, 623-625 Iron(lll) solution, 513-514
solubility product of, 614 Iron(lll) sulfate, 821
lonic equation, 229 Iron(ll) sulfate, 29
for neutralization reaction, 235-236 Isobutane, 902, 903, 908
lonic hydrides, 737, 739 Isobutyl, 908
lonic liquids, 379-380 Isobutylene, 533
lonic oxides, 743 Isoelectric point, 610
lonic radius, 104-105 Isoflurane, 332, 333
of group 1A elements, 123 Isomers, 831-837
of group 2A elements, 125 alkane, 903
of group 3A elements, 771 alkene, 914-915
of group 7A elements, 126 cis, 833, 836
lonic solids, 101, 362, 364 cis-trans, 915
formation of, 113-115 constitutional, 831
lattice energies in, 115-117 diastereoisomers, 831, 832—-835
structures of, 372-373 enantiomers, 831
lonization energy (E)), 96, 97, 106-109 geometric, 832
electronegativity and, 141 ionization, 831
of group 1A elements, 123 linkage, 831
of group 2A elements, 125 optical, 839
of group 3A elements, 771 stereoisomers, 831, 832—833
of group 4A elements, 774 trans, 833, 836
of group 5A elements, 783 Isooctane, 301, 935
of group 6A elements, 793 Isopentyl acetate, 220
of group 8A elements, 127 Isopropyl, 908
higher, 108-109 Isopropyl alcohol, 300, 921
redox reactions and, 244 1-1sopropyl-3-methylcyclopentane, 911
of transition elements, 815-816 3-Isopropyl-2-methylhexane, 909
lonization isomers, 831 Isotope effects, 733
lon-product constant for water (K,,), 544-545 Isotopes, 46-48, 50
lon product (IP), 624 band of nuclear stability and, 54-55
lons, 99, 101 hydrogen, 732—-733
calculating concentration of in solution, 228 Isotopic mass, 46
complex, 619 -ite, 120, 234
solubility and formation of, 618-622 IUPAC. See International Union of Pure and
molecular configurations of, 102-104 Applied Chemistry
polyatomic, 101
separation of, by selective precipitation, 625 J
spectator, 229 Joule, James Prescott, 20
IP. See lon product Joule (J), 20, 651, 688
Iron, 6, 9, 57, 367, 812, 820-821
cast, 866 K
cations, 118, 119 Kelvin (K), 12, 15
galvanizing and, 709 Kerosene, 911
in hemoglobin, 810 Ketones, 913, 923-924
metallurgy of, 866—867 Kilo-, 13
pig, 866 Kilogram (kg), 12, 13-14
reaction with copper, 242 Kilojoules (kJ), 20
rusting of, 237, 240, 430 Kinetic energy (Ek), 20, 263-264, 649
standard molar entropy of, 652 Kinetic-isotope effect, 733
symbol, 4 Kinetic-molecular theory, 322—-325, 343
uses of, 4, 861 evaporation and vapor pressure and, 358—-359
Iron carbide, 777 gas collision rates and, 465
Iron(ll) chloride, 119 Knots, 35

Iron(lll) chloride hexahydrate, 119 Kroto, Harold, 775



Krypton, 11, 127

L
Laboratory equipment, for measuring liquid
volume, 18
Lactic acid, 497, 582, 914
Lake Chelan, 276
Lanthanide contraction, 814
Lanthanides, 8, 9, 810
Lanthanum, 8
Laser, diode, 878
Lattice energy (U), 115-117
ionic oxides and, 746
solubility and, 139, 230
solute-solute interactions and, 393
Lavoisier, Antoine, 38, 232, 731
Lawrencium, 810
Laws
conservation of energy, 263

Dalton's law of partial pressures, 320-322, 323,

408
definite proportions, 39, 40
gas, 310-314
Avogadro's law, 312-314, 315, 323
Boyle's law, 310-311, 315, 322, 323
Charles's law, 311-312, 315, 322, 323
ideal gas law, 314-317
Graham's law, 325-327
Hess's law, 278-280, 282
mass action, 494
mass conservation, 38-39, 40, 189
multiple proportions, 39-41
Raoult's, 404—-405, 408-409, 417
thermodynamics
first law of, 653
second law of, 653—655
third law of, 650
LDs, value, 29
Lead, 4, 5, 6, 783
Lead(ll) chloride, 614
Lead(ll) chromate, 614
Lead(ll) nitrate, 225, 228-229
Lead iodide, 225
Lead ions, 119
Lead storage battery, 703—-704
Le Chatelier's principle, 511-512, 524
boiler scale formation and, 754
common-ion effect and, 592
concentration changes and, 512-515
formation of complex ions and, 619
pH of solution and solubility and, 618
pressure and volume changes and, 515-517
temperature changes and, 518-520
Leclanché, George, 704
Leclanché cell, 704
LEDs. See Light-emitting diodes

Length, 12
measuring, 14-15
Levitation of magnet, 880—882
levo-, 178
Levomethorphan, 178
Lewis, G. N., 144, 573
Lewis acid-base adduct, 772
Lewis acids, 573-575
Lewis bases, 573-575, 618
Lewis structures, 144-147
Ligand donor atoms, 823-824
Ligands, 823, 825-827
bidentate, 825, 826
common, 828
hexadentate, 826
monodentate, 825, 826
polydentate, 825, 826
strong-field, 848
weak-field, 848
Light, 64—66
quantization of, 70
speed of, 65
Lightbulb
compact fluorescent, 92
incandescent, 21, 865
Light-emitting diodes (LEDs), 860, 876, 877-878
Like dissolves like, 390
Lime, 549, 766, 866
Limestone, 500
Limewater, 549
Limiting reactant, 200
Linear metal complex, 824, 843
Linear molecular shape, 158, 161, 163, 170
Line spectrum, 67
compact fluorescent lights and, 92
guantum mechanics and, 80-81
Linkage isomers, 831
Liquid mixtures, fractional distillation of, 417-419
Liquids, 305, 306, 343
boiling points, 361-362
concentration of pure, 612
critical point and, 377
entropy and, 288
evaporation of, 356, 358—359
ionic, 379-380
phase changes, 355-358
phase diagrams, 376—378
properties of, 353-354
standard free energies of formation for, 661
standard molar entropies of, 652
vapor pressure, 358—-359
Liter (L), 17
Lithium, 6, 7, 10, 241
aufbau principle and, 84
electron configuration of, 84
production of, 865



properties of, 123
reaction with water, 124
symbol, 4
Lithium batteries, 705-706
Lithium carbonate, 379
Lithium fluoride, 118
Lithium hydroxide, 201
Lithium-ion batteries, 705—706
Lithium oxide, 201
Litmus, 537
Lock-and-key model, 477
London dispersion forces, 347, 349-350, 353,
391, 775
Lone pairs, 144
Long-chain methyl esters, 295
Lowry, Thomas, 539
Low-spin complex, 844
Luminous intensity, 12
Lye (sodium hydroxide), 208, 226, 234, 549, 602—
605, 610-611, 681, 713-714

M
MAC (minimum alveolar concentration), 333
Magnesium, 7, 11, 367, 464
combustion of, 237, 744
electron configuration of, 85
formation of, 57
as insulator, 870-871
ionization energy of, 107, 108-109
production of, 865
properties of, 10, 125
in redox reaction, 241
symbol, 4
Magnesium carbonate, 281
Magnesium chloride, 101
formation of, 115
Magnesium hydroxide, 537
Magnesium oxide, 379
Magnesium perchlorate hexahydrate, 755
Magnetic quantum number (m)), 74-75
Magnetic resonance imaging (MRI), 861, 882, 890
Magnetite, 387, 820
Magnets, superconductors and, 880-882
Main-group elements, 764—-807
covalent bonds and, 144
general properties of, 765—-768
group 3A elements. See Group 3A elements
group 4A elements. See Group 4A elements
group 5A elements. See Group 5A elements
group 6A elements. See Group 6A elements
group 7A elements. See Group 7A elements
hydrides of, 737
octet rule and, 112, 150
oxides of, 745
periodic trends, 766—768
second-row elements, properties of, 768—770

valence-shell configurations of, 87
Main-group ions, noble gas electron
configurations, 103
Main groups (periodic table), 8, 9
Manganese, 4, 816, 817, 867
Manganese dioxide, 470
Manganese silicate, 867
Manometer, 308, 309, 358
Marble, 329, 577, 618
Mass, 12, 13, 14
atomic, 6, 48—-49, 193
conservation of, 37-39, 40, 189
converting to numbers of moles and atoms, 49
effusion and, 325
of electron, 42
formula, 193
isotopic, 46
measuring, 13-14
molar, 48, 194, 318, 319
weight vs., 14
Mass number (A), 45
Mass percent, 61
Mass percent (Mass %), 395-396, 397
Mass ratio, 193
Mass spectrometry, 213-214
Matter, 3, 13, 37
atomic theory of, 40
guantization of, 70
wavelike properties of, 71-72
Mean free path, 325
Measurement, 12-13
accuracy, precision, and significant figures in,
21-23
calculations, 25-28
of density, 18-20
of energy, 20-21
of length, 14-15
of mass, 13-14
rounding numbers, 23-25
of temperature, 15-16
of volume, 16-18
Mechanism, 429
Mega-, 13
Meissner effect, 881-882
Melting, 272, 355, 657
Melting points
band theory and, 871
of ceramics, 883
of group 1A elements, 123
of group 2A elements, 125
of group 3A elements, 771
of group 4A elements, 774
of group 5A elements, 783
of group 7A elements, 126
of group 8A elements, 127
of hydrides, 737



normal, 377
of oxides, 746
pressure and, 378
of solution, 403
of transition elements, 813
of water, 377
Mendeleev, Dmitri, 6—7
Meniscus, 354
Menthol, 213
Mercury, 4, 6, 11, 48
in compact fluorescent lights, 92
heat of fusion of, 358
heat of vaporization for, 358
production of, 865
at superconducting transition temperature, 880
surface tension of, 354
symbol, 4
vapor pressure of, 668
viscosity of, 354
Mercury-197, 53
Mercury(l) chloride, 699
Mercury iodide, 38
Mercury lamp, 66
Mercury nitrate, 38
Mercury oxide, 38
Mesosphere, 329
meta-, 919
Metal cations, qualitative analysis of, 626—627
Metal complexes. See Coordination compounds
(metal complexes)
Metal ethoxides, 885
Metal halides, 126
Metallate anions, 829
Metallic conductors, 870
Metallic hydrides, 738
Metallic properties, of transition elements, 813
Metallic solids, 364
Metalloids, 8
Metallurgy, 252, 863—866
Metals, 8, 11
bonding in, 868-872
calculating density of, 371
crystallization of, 367
electron-sea model of, 868—869
metallurgy, 863—866
molecular orbital theory for, 869-872
noble, 476
ores, 862-864
oxidation numbers, 238
properties of, 767
as reducing agents, 241
reduction of, 864—865
sources of, 861-863
Metal sulfides, 625
Metaperiodic acid, 798, 799
Meter (m), 12, 14

Methanal, 152, 158-159, 923, 924
Methane, 738, 907
bonding in, 167, 168, 899, 902
combustion of, 211, 251, 266, 911
shape of, 100, 158, 159, 160
standard heat of formation for, 281
standard molar entropy of, 652
structure of, 145
thermochemical properties of, 285
Methanol, 913, 920-921, 924
as alternative fuel, 287
conversion to, 458—-459
dipole moment of, 346
hydrogen and synthesis of, 667
structure of, 383, 530
thermochemical properties of, 285
Methanol acid, 552
Methene, 912
Methionine, 137
Methionine cation, 611
N-Methylacetamide, 927
Methylamine, 347, 562-563, 590, 634, 913, 922,
927
Methylammonium cation, 634
Methylbenzene (toluene), 919
2-Methylbutane, 902, 904—-905
Methylcyclohexane, 910
Methylene chloride, 280, 911
Methyl ethanoate (methyl acetate), 913
Methyl group, 907
2-Methyl-3-hexene, 915
5-Methyl-2-hexene, 915
Methyl isonitrile, 483
Methyllithium, 181, 900
Methyl orange, 592
2-Methylpropane (isobutane), 902, 903
2-Methyl-2-propanol, 920
2-Methylpropene, 299
Methyl red, 589, 597, 606, 607
Methyl tert-butyl ether (MTBE), 197-198, 299,
341, 496
Mica, 780, 781
Micro-, 13
Microgram (pg), 14
Micrometer (um), 15
Microwaves, 64
Miles
nautical, 35
statute, 35
Milk of magnesia, 549
Milky Way galaxy, 57
Milli-, 13
Milligram (mg), 14
Millikan, R. A., 4243
Milliliter (mL), 17
Millimeter (mm), 15



Millimeter of mercury (mm Hg), 307
Minerals, 861
Minimum alveolar concentration (MAC), 333
Miscible, 400
Mixtures, 389
equilibrium, 491
fractional distillation of liquid, 417-419
hetereogeneous, 389
homogeneous, 389
racemic, 839
Molal boiling-point-elevation constant, 410-411
Molal freezing-point-depression constant, 410-411
Molality (m), 397-399
calculating, 397, 412
converting to molarity, 398
Molar heat capacity (C,,), 276, 356
Molarity (M), 202—204, 394-395, 397
calculating, 203, 395
as conversion factor, 203
converting mass percent concentration to, 396
converting molality to, 398
converting to other concentration measures,
398-399
stoichiometry and, 205-206
titration and, 206—208
using osmotic pressure to calculate, 415
Molar mass, 48, 194
ideal gas law and, 318, 319
Molecular compounds, naming, 142-143
Molecular configurations of ions, 102—-104
Molecular dipoles, 344
Molecular equation, 229
Molecular formula, 209, 212-213
Molecular handedness, 837-840
Molecular ion, 214
Molecularity, 455, 456
Molecular mass (molecular weight), 61, 193-194,
212
calculating
using mass spectrometry, 213-214
using molecular formula
using osmotic pressure, 416—-417
dipole moments, boiling points, and, 349
ideal gas law and, 318, 319
Molecular orbital (MO) theory, 154, 172, 748
hydrogen molecule, 172-174
for metals, 869-872
other diatomic molecules, 174-176
peroxides and, 748
semiconductors and, 873—-874
valence bond theory and, 177
Molecular orbitals, 172
antibonding, 173, 176
bonding, 173, 176
Molecular shape
bent, 158, 159, 163

effect on London dispersion forces, 350
handedness and, 178-179
hybridization and, 166-171
of larger molecules, 164
linear, 158, 161, 163, 170
octahedral, 163
of organic molecules, 900-901
seesaw, 161, 163
square planar, 162, 163
square pyramidal, 162, 163
tetrahedral, 159, 163, 170
trigonal bipyramidal, 160-161, 163
trigonal planar, 158, 159, 163, 170
trigonal pyramidal, 159, 163
T-shaped, 161, 163
VSEPR model, 157-165
Molecular solids, 362—-363, 364
Molecules, 100-101, 135
average speed of, 323-325
chemical symbols and, 192-193
covalent bonds and, 135-138
diatomic, 100
organic, 899-901, 904-905, 912-914
Mole fraction (X), 321, 395, 397
Mole (mol), 12, 48
calculating number of moles of solute in
solution, 203
conversion to grams, 195
converting mass to, 49
Mond process, 865
mono-, 143
Monoclinic sulfur, 795
Monodentate ligands, 825, 826
Monomers, 534, 929
vinyl, 929
Monoprotic acid, 233
Morphine, 117, 922
Morton, William, 332
MO theory. See Molecular orbital (MO) theory
MRI. See Magnetic resonance imaging
MTBE, 197-198, 299, 341, 496
Muller, K. Alex, 879, 880
Muriatic acid, 127, 232
Mylar, 925, 931

N

Nalorphine, 424

Nano-, 13

Nanometer (nm), 15
Nanoparticles, 861, 889
Nanotechnology, 889-890
Nanotubes, 374, 375
Naphthalene, 211-212, 214, 529, 675
Natural products, 932
Nautical miles, 35

Neon, 11, 67, 84-85, 127



Nernst, Walther, 696 Nitrous oxide, 155, 333, 785, 786

Nernst equation, 695-700, 696 Noble gas electron configurations, 103
Net ionic equation, 229 Noble gases. See Group 8A elements
for neutralization reaction, 235-236 Noble metals, 476
Neutralization reactions, 587-590 Node (orbital), 77, 78
strong acid-strong base, 587-588 Nonbonding pairs, 144
strong acid-weak base, 589 Nonelectrolytes, 226, 228
weak acid-strong base, 588 Nonmetal oxides, 574-575
weak acid-weak base, 589-590 Nonmetals, 8, 11
Neutral salt, 566 oxidation numbers, 238
Neutral solutions, salts that yield, 566 as oxidizing agents, 241
Neutrinos, 57 properties of, 767
Neutron/proton ratio, effect on nuclear stability, Nonoxide ceramics, 882
54-56 Nonspontaneous process, 287, 288, 291
Neutrons, 44, 57 Nonstoichiometric compounds, 738
Newton (N), 307 Nonvisible region of electromagnetic spectrum, 67
Nickel, 810, 812, 865 Normal boiling point, 361
Nickel-cadmium batteries, 705 Normal melting point, 377
Nickel(ll) nitrate, 840 Novocaine, 938
Nickel-metal hydride (niMH) batteries, 705 n-p-n junctions, 879
Nickel tetracarbonyl, 865 n-type semiconductor, 875, 876, 878
Nicotine, 584 Nuclear chemistry, 50
Nitrate, 230 Nuclear equation, 50
Nitrate ion, 101, 120, 154 Nuclear reaction, 50
Nitration, 919 Nuclear stability, 54-56
Nitric acid, 541, 590, 785, 787-788, 821 Nucleons, 51
acid raid, 576 Nucleotides, 3
oxoanion, 234 Nucleus (atomic), 44
structure of, 571 Numerical prefixes, 143
Nitric oxide, 39—40, 460-461, 474, 785 Numerical prefixes, for naming compounds, 143
air pollution and, 329, 523, 576 Nylon 66, 927, 930
standard heat of formation for, 281 Nylons, 930
uses of, 786—787
Nitrite ion, 120 @)
Nitrito complex, 831, 832 Octahedral metal complexes, 824, 833—-835, 842—
Nitrobenzene, 919 844
Nitro complex, 831, 832 crystal field theory and, 845-849
Nitrogen, 9, 784-788, 865 Octahedral molecular shapes, 162, 163
compounds of, 785-788 Octane, 285
as diatomic molecules, 100, 174, 175, 766 Octane rating, 301, 341
in dry air, 305, 306 Octet rule, 112-113
ionization energy of, 107 electron-dot structures and, 144, 147
oxidation states of, 785 polyatomic molecules and, 147, 149-150
oxides of, 786—787 redox reactions and, 241
properties of, 783 -oic acid, 925
standard free energy of formation for, 661 Qil, 391
standard molar entropy for, 652 Oil drop experiment, 42—-43
symbol, 4 -one, 923
Nitrogenase, 221, 471 1-2-3 ceramic superconductor, 885
Nitrogen dioxide, 39-40, 430, 431-433, 454-455, 1-2-3 compound, 880
459-460, 492, 503, 661-662, 785, 786, Onnes, Heike Kamerlingh, 879
787 Optical isomers, 839
Nitrogen molecule, 100, 174, 175, 766 Orbital energy levels, in multielectron atoms, 82—
Nitrogen oxides, 576 83
Nitroglycerin, 339 Orbitals ()

Nitrous acid, 234, 539, 541, 552, 785, 787 antibonding molecular, 173, 176



atomic, 172
bonding molecular, 173, 176
calculating energy difference between two, 81
d, 78-79, 170
electron spin and, 82
f, 78-79
hybrid atomic. See Hybrid atomic orbitals
molecular, 172-174
molecular orbital theory, 172-174
p, 78, 165
periodic table and, 87-89
guantization of energy of, 80—-81
guantum numbers and, 73—-76
s, 76-77, 165-166
shapes of, 76-79
Ores, 862
concentration and chemical treatment of, 863—
864
Organic chemistry, 137, 898—-939, 899
alcohols, 920-921
aldehydes, 923-924
alkanes, 901-903
naming, 906—909
reactions of, 911-912
alkenes, 914-916
reactions of, 916-917
alkynes, 914-916
reactions of, 916-917
amides, 926-929
amines, 922
aromatic compounds, 918-920
carboxylic acids, 924, 925
cycloalkanes, 909-911
esters, 925-926
ethers, 922
functional groups, 912-914
ketones, 923-924
organic molecules
families of, 912-914
nature of, 899-901
shapes of, 904-905
organic structures, drawing, 903-904
synthetic polymers, 929-931
Organic compounds, 775
Organic molecules, 899-901
families of, 912-914
shapes of, 904-905
Orlon, 929
ortho-, 919
Orthoclase, 780, 781
Orthophosphoric acid, 792
Osmosis, 413-415
reverse, 415-416
of solution, 403
Osmotic pressure, 413-415

calculating molecular mass of solute using,
416-417
Ostwald process, 788
-ous, 118-119
-ous acid, 234
Overvoltage, 711-712
Oxalate ion, 825
Oxalic acid, 221, 250, 514, 582
Oxaloacetic acid, 184, 528
Oxidation, 237
of copper, 815, 821-822
of iron, 237, 240, 430
Oxidation number (oxidation state), 237-238
assigning, 238
of copper, 821
of halogen, 798
of nitrogen, 785
of oxides, 746
of transition elements, 816-817
Oxidation potentials, of transition elements, 815—
816
Oxidation-reduction (redox) reactions, 226, 236—
239
activity series of elements and, 242-244
applications, 251-252
balancing, half-reaction method, 245-249
galvanic cells and, 681-686
identifying, 240-241
predicting products of, 244
predicting whether spontaneous, 694—695
redox titrations, 249-251
Oxide ceramics, 882
Oxides, 123, 125, 744-747, 767
acidic, 745
amphoteric, 745
basic, 745
carbon, 776
covalent, 743
determining formulas and properties of, 747
ionic, 743
nitrogen, 786-787
phosphorus, 791-792
sulfur, 796797
uses of, 747
Oxidizing agents, 240-241
arranging in order of increasing strength, 694
in galvanic cell, 683
identifying, 241
ozone as, 752
Oxoacids, 234, 571-573
common, 234
of halogens, 798
of phosphorus, 791-792
of sulfur, 796-797
Oxoacid salts, 798
Oxoanions, 120-121, 234



Oxygen, 9, 741
alkali metals reacting with, 123
aluminum and, 773
as chemical, 742
combustion and, 38
diatomic, 100, 174-175, 748, 766
in dry air, 305, 306
in Earth's crust, 5
electron configuration of, 85
formation of, 57
hemoglobin and, 524-525
in human body, 5
ionization energy of, 107
isolation of, 38
oxidation number of, 238, 239
oxides, 744-747
ozone, 751-752
partial pressure of, in human lungs and blood,
524
preparation and uses of, 742—743
properties of, 793
reactivity of, 743—-744
standard molar entropy, 652
symbol, 4
Oxygen molecule, 100, 174-175, 748, 766
Oxygen transport, breathing and, 524-525
Oxyhemoglobin, 776, 827
Ozone, 153-154, 751-752
air pollution and, 329, 441
decomposition of, 455, 457
electron-dot structure of, 154
oxidizing properties, 752
in upper atmosphere, 455, 751
valence bond theory and, 177
Ozone layer, 330-331

P

Packing arrangements, 366—-372
body-centered cubic, 367, 370
cubic closest-packed, 367, 370
hexagonal closest-packed, 367, 368, 370
simple cubic, 367, 370
unit cells, 368-372

Palladium, 738

para-, 919

Paraffin wax, 901

Parallelepipeds, 368

Paramagnetic, 175, 843

Paraperiodic acid, 798, 799

Parhelion, 66

Partial charges, 140

Partial pressures, 320-322
calculating equilibrium partial pressures from

initial, 509-510

equilibrium equations and, 498
of oxygen in human lungs and blood, 524

Parts per billion (ppb), 395
Parts per million (ppm), 395
Pascal (Pa), 307
Pauli, Wolfgang, 82
Pauli exclusion principle, 82, 84
Pauling, Linus, 166
p-block elements, 87, 765, 770
p-block metals, 862, 863
PEM fuel cells. See Proton-exchange membrane
fuel cells
Pentane, 350, 351, 353, 354, 394, 902
Pentyl acetate, 926
per-, 121
Percent composition, 208-211
calculating empirical formula from, 210
calculating from formula, 210-211
Percent dissociation, 558
common-ion effect and, 593-594
Henderson-Hasselbach equation and, 599
in solutions of weak acids, 558—-559
Percent ionic character, calculating from dipole
moment, 345
Percent saturation, of oxygen carried by
hemoglobin, 525
Percent yield, 197
Perchlorate, 120, 121, 230
Perchlorate salts, 799
Perchloric acid, 234, 541, 798, 799
Perhalic acid, 798
Periodicity, 62
of atomic radii, 63—64
electron affinities and, 110
ionization energy and, 106
Periodic properties, electron configurations and,
89-91
Periodic table, 5, 6-9, 63-64
atomic radii and, 90
d-block elements, 87
development of, 67
electron configurations and, 87—-89
electronegativity values and trends in, 141
f-block elements, 87
main-group element trends, 766—768
metals, 861-862
p-block elements, 87
s-block elements, 87
transition elements, 809-810
Periods (periodic table), 7, 8, 9
Perlon, 930
Permanganate, 121
Peroxides, 120, 123, 238, 744, 748-749
hydrogen, 749-751
PET (positron emission tomography), 52
Petroleum, 294
refining, 286, 417-419
Pewter, 390



pH, 546 Pico-, 13

calculating Picometer (pm), 15
of acidic salt solution, 568 Pig iron, 866
of basic salt solution, 569 Pi () bond, 169, 170, 177, 743744, 769, 774,
in solution of diprotic acid, 560 901
in solution of weak acid, 556-558 Piperidine, 565
in solution of weak base, 563-564 Pipet, 204
in sulfuric acid solution, 561-562 Planck's constant, 69
common-ion effect and, 590, 593-594 Plane-polarized light, 838—-839
electrochemical determination of, 698—700 Plastic sulfur, 795
of human blood, 586, 587, 595 Platinum, 865
measuring, 547-548 Platinum-group metals, 862
meter, 548 Plato, 37
percent dissociation of weak acids, 558—-559 p-n junction, 876-877
scale, 546-547 p-n-p junctions, 879
solubility and solution, 618 Polar covalent bonds, 140-142
in solutions of strong acids and strong bases, dipole moments and, 344-347
549-551 in organic molecules, 900
Phase, 355 Polarimeter, 839
Phase changes, 354-358, 657 Polarizability, 350
Phase diagrams, 376-378, 410 Pollution
Phases acid rain, 576-577
condensed, 390 air, 329
valence bond theory and, 165 Polonium, 43, 367, 793
of wave, 77-78 Polyacrylonitrile, 888, 896
Phenol, 582, 633, 921 Polyatomic ions, 101
Phenolphthalein, 207, 547, 548, 588, 606, 607 common, 121
Phosphine, 147, 790 compounds with, 120-122
Phosphor, 92 oxidation number of, 239
Phosphoric acid, 233, 234, 559, 766, 791-792 Polyatomic molecules, electron-dot structures of,
Phosphorous acid, 791 147-153
Phosphorus, 9, 11, 788-793 Polydentate ligands, 825, 826
bonding and, 789-790 Polyesters, 931
compounds, 790-793 Polyethylene, 168, 929
ionization energy of, 107 Polymerization, 929-930
oxidation of, 867 Polymers, 929-930
properties of, 783 synthetic, 929-930
reactivity of, 237, 789 Polymetaphosphoric acid, 792
red, 789 Poly(methyl cyanoacrylate), 938
symbol, 4 Polyphosphoric acid, 792
white, 789 Polypropylene, 929, 930
Phosphorus halides, 790 Polyprotic acids, 559-562
Phosphorus pentachloride, 151-152, 160-161, Polyprotic acid-strong base titrations, 609-612
790 Polystyrene, 929
Phosphorus trichloride, 143, 790 p orbitals, 78, 165, 915
Photochemical smog, 329 of oxygen, 743-744
Photoconductor, 800 pi bonds and, 768-769
Photocopiers, 800 Porphyrin, 826—-827
Photoelectric effect, 69—70 Positron, 57, 669
Photoelectron spectroscopy, 97 Positron emission, 52-54
Photons, 69-71 Positron emission tomography (PET), 52
Photovoltaic (solar) cells, 876, 878-879 Potash, 117
pH titration curves, 601-602, 604, 605—606 Potassium, 6, 7, 812
Physical change, enthalpies of, 272-273 electron configuration of, 810
Physical property, 9, 10 flame test for, 627

band theory and, 872 properties of, 10, 123



reaction with water, 124
symbol, 4
Potassium-40, 52
Potassium bromide, 118
Potassium chlorate, 191, 470, 799
Potassium chloride, 227
Potassium chromate, 627
Potassium dichromate, 245
Potassium hexacyanoferrate, 828
Potassium hydroxide, 234, 549
Potassium iodide, 38, 225, 228-229
Potassium nitrate, 38, 225, 229
Potassium permanganate, 249
Potassium superoxide, 123
Potential energy (Ep), 20, 136, 263—-264
Precipitation reaction, 225, 230-232
identifying, 231
of ionic compounds, 623-625
predicting products of, 230-231
to prepare substance, 231
separation of ions by selective, 625
from supersaturated solution, 399-400
Precision, 21-22
Prefixes
for naming compounds, 143
numerical, 143
Sl units, 13
Pressure (P), 306—-309. See also Vapor pressure
atmospheric, 307, 328
changes in, in equilibrium mixture, 515-517
converting between different units of, 308-309
enthalpy change and, 271
melting point and, 378
osmotic, 413-415
solubility and, 401-403
standard temperature and pressure, 315, 318
units of, 17
converting between, 308-309
volume and, 310-311
Pressure-volume (PV) work, 267-269
Priestley, Joseph, 37-38, 741
Primitive-cubic unit cell, 368, 369
Principal quantum number (n), 74
Principal reaction, 554
Probability, entropy and, 644, 647-649
Production
of aluminum, 865
of carbon dioxide, 776777
of ethanol, 917, 921
of lithium, 865
of magnesium, 865
of mercury, 865
of steel, 509, 742, 820, 866—867
of sulfuric acid, 794, 797
Products, 493
Promethium, 54

Propane, 137, 138, 190-191, 267, 902, 908, 911
1,3-Propanediol, 383
1,2,3-Propanetriol (glycerol), 921
Propanol, 928
1-Propanol, 920
2-Propanol, 920, 921, 924
Propanone (acetone), 349, 386, 425, 770, 913,
923, 924
Propene, 300, 444, 534
Property, 9
chemical, 9, 10
extensive, 9
intensive, 9
physical, 9, 10
Proportionality constant, 69
Propyl, 908
Propyl butanoate, 928
Propylene, 766, 914, 929
Propylene glycol, 254
Propyne, 916
Proteins, electrophoresis of, 628—-629
Protium, 46
properties of, 732-733
Proton-exchange membrane (PEM) fuel cells, 707
Protons, 44, 57
acid definition and, 537-539, 541-542, 543
hydrated, 543
Proust, Joseph, 39
Prozac (fluoxetine), 218
Pseudohalide, 777
p subshell, 74
p-type semiconductor, 875, 876, 878
Pyrex, 376
Pyridine, 565, 582, 633
Pyrite, 794
Pyrophosphoric acid, 792

Q
Qualitative analysis, 626—627

Quantization, 70
Quantum, 70
Quantum dots, 889-890
Quantum mechanical model, 72-73
atomic line spectra and, 80-81
Quantum numbers, 74-76
angular-momentum, 74
magnetic, 74-75
orbitals and, 74-76
principal, 74
spin, 82
Quartz, 363, 375, 781, 882
Quartz glass, 376
Quicklime, 117

R
Racemic mixture, 839



Radiant energy, 64
Radioactive decay processes, 51-53
Radioactive decay rates, 446—449
Radioactivity, 51-54
alpha radiation, 51, 53
beta radiation, 51-52, 53
gamma radiation, 51, 52, 53
positron emission and electron capture, 52-54
Radiocarbon dating, 488
Radio waves, 64
Radium, 10, 43, 125
Radon, 11, 43, 127
Rankine temperature scale, 341
Raoult's law, 404-405, 408—409
fractional distillation and, 417
Rapeseed, 294, 295
Rate constant, 434
graphical method of determining, 442—443
rate law and, 434, 437
Rate-determining step, 459
Rate laws, 434-436
for elementary reactions, 457-459
experimental determination of, 436-440
initial rates method, 436-440
integrated rate law for first-order reaction, 441—
444
for overall reactions, 459-463
Reactants, 493
concentration in solution, 202—204
excess, 200
limiting, 200
Reaction intermediate, 455, 456
Reaction mechanisms, 454—-457
procedure used in studies of, 461-463
Reaction mixture, 695-698
Reaction order, 434-436, 437
determining graphically, 451-452
rate law and, 435-436
Reaction quotient (Q.), 503-504, 624, 642, 696
Reaction rates, 429-434, 430
catalysis and, 470-474
equilibrium state and, 491, 493
temperature and, 464—-467
Rectifier, 877

Resonance hybrid, 153-154
Resonance structures, 752
drawing, 154
Respiration, 252
Retinal (vitamin A), 935
Reverse bias, 877
Reverse osmosis, 415-416
Rhenium oxide, 373
Rhombic sulfur, 795
Ribose, 213
Ringer's solution, 220
Risks, from chemicals, 29
Roasting, 864
Roman numerals
in compound names, 118-119
in coordinate compounds, 829
Rounding off, 23-25
Rubber, 363
Rubbing alcohol, 921
Rubidium, 10, 123, 124
Rubidium fulleride, 375
Ruby, 773, 808
Rusting. See Corrosion
Ruthenium chelate, 890
Rutherford, Ernest, 43-44
Rutile, 851, 862
Rydberg, Johannes, 68
Rydberg constant, 67

S

Sacrificial anode, 710

Salt bridges, 683-684

Salt hydrolysis reaction, 567
Salt mining, 98, 128

Salt(s), 128, 225, 235, 537

acid-base properties of, 566-570, 570

acidic, 566
basic, 566
chlorate, 799

coordination compounds and, 823

hydrated, 755

neutral, 566

oxoacid, 798

pH and solubility of, 618

Redox reactions. See Oxidation-reduction (redox)
reactions
Redox titration, 249-251
Red phosphorus, 789
Reducing agents, 240-241, 244, 683, 694
Reduction, 237
of metals, 864—-865
Refining, 286, 865—-866
Repulsions, electron-electron, 136
Resonance, electron-dot structures and, 153—-155
Resonance arrow, 154
Resonance form of benzene, 918

from strong acid and strong base, 588
that contain acidic cations and basic anions,
569-570

that yield acidic solutions, 566—-568
that yield basic solutions, 568-569
that yield neutral solutions, 566

Sand, 375

Saponification, 926

Sapphire, 773

Saturated, 399, 914

s-block elements, 87, 765

s-block metals, 862, 863



Scandium, 85, 812, 816
Scheele, Karl Wilhelm, 741
Schradinger, Erwin, 72
Schrodinger wave equation, 165
Scientific notation, 13, 23
Sea of instability, 54-55
Seawater, 753
Second law of thermodynamics, 653-655
entropy and, 653-655
Second-order reactions, 449453
Second-row elements
compounds containing only, 147-149
properties of, 768-770
Second (s), 12
Seesaw molecular shapes, 161, 163
Selenium, 11, 793, 794, 800
Semiconductors, 12, 861, 873-875
applications, 876—-879
nanoparticles and, 889
n-type, 875, 876, 878
p-type, 875, 876, 878
used in LEDs, 876, 877-878
Semimetals, 8, 12, 767
Semipermeable, 413
Serine, 601
Sevoflurane, 332, 333
Shells, 74, 75
Side reaction, 197
Sigma (o) bonds, 165
Sigma star, 173
Significant figures, 22-23, 24
calculation using, 24-25
unit conversion using, 27—-28
Silica, 375-376, 780
Silicates, 779781, 861
Silicon, 7, 12, 57, 778-782, 873, 874
in Earth's crust, 5
electron configuration of, 85
ionization energies of, 109
in photovoltaic cells, 878-879
properties of, 774
silicates, 779-781
in solar cells, 778
symbol, 4
Silicon carbide, 777, 882, 883, 887, 888
Silicon dioxide, 747, 769
Silicon nitride, 882
Silicon-oxygen double bond, 375
Silicon tetrachloride, 384
Silver, 4, 6, 48, 243-244, 367, 778, 865
Silver bromide, 622
Silver carbonate, 230
Silver chloride, 9, 276, 614, 619-620, 625
Silver chromate, 614
Silver nitrate, 9
Silver sulfate, 614

Simple cubic packing, 367, 370
Single bond, 145
Single-pan balance, 14, 22
Sintering, 883
Sl units, 12
prefixes, 13
Size, dispersion forces and, 350
Slag, 866
Slaked lime, 549
Smalley, Richard F., 775
Smog, 329
Soda ash, 777
Sodium, 6, 7, 367, 430, 865
electron configuration of, 85
flame test for, 627
ionization energy of, 109
line spectrum of, 67
manufacture of, 713
properties of, 10, 123
reaction with chlorine, 101
reaction with water, 124
in redox reaction, 241
symbol, 4,5
Sodium acetate, 591-592
Sodium azide, 317
Sodium bicarbonate, 121
Sodium chlorate, 192, 799
Sodium chloride, 101, 102, 117, 681, 713
bonding in, 362
dipole moment, 344, 345
dissolution of, 226, 391, 645
electrolysis of aqueous, 711-712
electrolysis of molten, 710-711
formation of, 113-114
ionic bond in, 140, 141-142
melting point, 16, 379
physical properties of, 139
properties of, 9
solubility of, 400
solution of, 566
unit cell of, 372
Sodium cyclamate, 29
Sodium hydrogen carbonate, 206, 777
Sodium hydroxide, 208, 226, 234, 549, 681
in acid-base titrations, 602—-605, 610—-611
manufacture of, 713-714
Sodium hypochlorite, 252, 786
Sodium lamp, 66
Sodium nitrate, 400
Sodium perchlorate, 799
Sodium peroxide, 748
Sodium triphosphate, 792
Solar energy, 669—-670
Solar panels, 12
Sol-gel method, 884
Solid(s), 305, 306, 343



amorphous, 362
concentration of pure, 612
crystalline, 362—-364
covalent network, 374-376
ionic. See lonic solids
metallic, 364
molecular, 362—363, 364
packing of spheres in, 366—368
unit cells, 368—-372
entropy and, 288
kinds of, 362-364
phase changes, 355-358
phase diagrams, 376—-378
solubility of, 400-401
standard free energies of formation for, 661
standard molar entropies of, 652
structure of, 364—366
x-ray crystallography of, 364—-366
Solid-state materials, 861
ceramics, 883—-886
composites, 887-888
nanotechnology, 889-890
semiconductors, 873-875
applications, 876-879
superconductors, 879-883
Solubility, 230-232, 400
amphoterism and, 622-623
calculating from solubility product, 613-616
chemical structure and, 394
common-ion effect and, 616—617
complex ion formation and, 618-622
factors affecting, 399-403, 616—623
guidelines, 230
Henry's law, 401-402
pH of solutions and, 618
pressure and, 401-403
temperature and, 400-401
Solubility equilibria, 612-613
Solubility product constant (Ksp), 260
Solubility product in acid (Kspa), 625
Solubility product (solubility product constant)
(Ksp), 612
calculating solubility from, 613—616
measuring, 613-616
Solute, 202, 390
calculating number of moles of in solution, 203
diluting concentrated solution and, 204
solutions with nonvolatile, 403—-407
solutions with volatile, 408—-409
using osmotic pressure to calculate molecular
mass of, 416417
Solute-solute interactions, 390, 393—394
Solutions, 389-390
agueous. See Aqueous solutions
basic salt, 605
boiling-point elevation of, 409-413

buffer, 595-598
colligative properties of, 403
uses of, 415-417
dialysis, 420
diluting concentrated, 204—-205
energy changes and, 390-394
enthalpies of, 392-394
entropies of, 392
fractional distillation, 417-419
freezing-point depression of, 409-413
heat of, 392
kinds of, 390
molarity of, 202-204
with nonvolatile solute, 403-407
osmosis and osmotic pressure, 413-415
pH in, of strong acids and strong bases, 549—
551
polyprotic acid, 559-562
Raoult's law, 404-405, 408—-409
salt, 566
salts that yield acidic solutions, 566—-568
salts that yield basic solutions, 568-569
salts that yield neutral, 566
saturated, 399
solubility and pH of, 618
strong acid, 549-551
strong base, 549-551
supersaturated, 399-400
titration, 206—208
units of concentration, 394—-399
vapor pressure lowering of, 403—409
with volatile solute, 408-409
weak acid
calculating equilibrium concentrations in,
553-558
equilibria in, 551-553
percent dissociation in, 558-559
weak base, 562-564, 608
writing equilibrium equations for reactions in,
496
Solution stoichiometry, 205-206
Solvated, 391
Solvent, 202, 390
ionic liquids as, 380
Solvent-solute interactions, 390, 393-394
Solvent-solvent interactions, 390, 393-394
s orbitals, 76—77, 165166
Space-filling models, 100
sp°d® hybrid orbitals, 842, 843, 844
Specific heat capacity, 276-277
Spectator ions, 229
Spectrochemical series, 848
Speed
of chemical reaction, 428
of light, 65
of molecules, 323-325



units of, 17
Sphalerite, 864
Spheres, packing of. See Packing arrangements
sp hybrid orbitals, 169-170
metal complexes and, 843
organic molecules and, 901
sp® hybrid orbitals, 168-169
organic molecules and, 901
sp® hybrid orbitals, 166-168
boron hydrides and, 772
metal complexes and, 842, 843
organic molecules and, 901
Spin-paired molecules, 174
Spin quantum number (mg), 82
Spontaneous processes, 287, 288, 291, 641-643
enthalpy and, 643-647
entropy and, 644—647, 654—655
free energy and, 656—658
second law of thermodynamics and, 654—-655
Square planar complexes, 832, 833—-835
Square planar metal complexes, 824, 842—-844
crystal field theory and, 849-850
Square planar molecular shape, 162, 163
Square pyramidal molecular shape, 162, 163
s subshell, 74
Stability constant, 619
Stalactites, 618
Stalagmites, 618
Standard cell potential (E°), 688—689
equilibrium constants and, 700—702
Standard electrode potentials, 692
Standard enthalpy of formation, 690
Standard enthalpy of reaction, 271
using bond dissociation energies to calculate,
284-285
using Hess's law to calculate, 279-280
using standard heats of formation to calculate,
283
Standard entropy of reaction, 652-653
Standard free-energy change, 658-661
calculating vapor pressure from, 668
equilibrium constant and, 667
Standard free energy of formation, 661-663
Standard heats of formation, 281-283
Standard hydrogen electrode (S.H.E.), 690-691
Standard molar entropies (S°), 651-652
Standard molar volume, 313, 315
Standard pressure, 271
Standard reduction potentials, 689—693, 691
of metals, 865
using, 693-695
Standard temperature and pressure (STP), 315,
318, 739
State function, 266—-267
entropy as, 643
reversibility of, 266

Statute miles, 35
Steam-hydrocarbon re-forming process, 734-735,
757
Steel, 863
production of, 509, 742, 820, 866—867
Stereoisomers, 831, 832—833
Steric factor (p), 466—467
Stoichiometry, 194-197
gases and, 317-320
redox, 249-251
solution, 205-206
STP. See Standard temperature and pressure
Straight-chain alkanes, 902, 906
Stratosphere, 329
Strip mining, 286
Strong acids, 233, 541, 542
pH in solutions of, 549-551
Strong acid-strong base reactions, 587-588
Strong acid-strong base titrations, 602—604, 605—
606
Strong acid-weak base reactions, 589
Strong base-diprotic acid titrations, 609-612
Strong base-polyprotic acid titrations, 609-612
Strong bases, 233, 542
pH in solutions of, 549-551
Strong base-strong acid reactions, 587-588
Strong base-strong acid titrations, 602—604, 605—
606
Strong base-weak acid reactions, 588
Strong base-weak acid titrations, 604—607
Strong electrolytes, 227, 228, 233, 541
Strong-field ligands, 848
Strontium, 6, 10, 125
Structural formula, 136-137
Strychnine, 29, 564
Styrene, 299, 914, 929
Subatomic particles, 44
Sublimation, 114, 272, 355
enthalpy of, 272
Subshell notation, 74
Subshells, 74
Subsidiary reactions, 554
Substitution reactions, 919
Substrate, 477
Succinic acid, 260
Sucrose, 195, 226, 362
Sulfate, 230
Sulfate ion, 101, 120, 121
Sulfite ion, 120
Sulfur, 4, 6, 11, 40, 48, 794-798
combustion of, 41, 744
compounds of, 796—798
ionization energy of, 107
monoclinic, 795
oxides of, 796-797
oxoacids of, 796—-797



plastic, 795
properties of, 793
rhombic, 795
symbol, 4
Sulfur dioxide, 329, 576, 743, 796, 864
Sulfur fluoride, 161
Sulfur hexafluoride, 162
Sulfuric acid, 234, 239, 541, 561-562, 575
acid rain and, 329, 576, 864
as chemical, 766
dissociation constant for, 559
dissociation of, 233
production of, 794, 797
structure of, 571
uses of, 797
Sulfurous acid, 576, 796
Sulfur tetrafluoride, 143, 149-150, 151
Sulfur tetroxide, 185
Sulfur trioxide, 576, 796
Superconducting transition temperature (T,), 879
Superconductors, 861, 879-883
applications, 881-883
doped, 883
Supercritical carbon dioxide, 777
Supercritical fluid, 377, 777
Supernovas, 57
Superoxides, 123, 744, 748-749
Supersaturated solutions, 399-400
Surface tension, 354
Surroundings, 265
Suspensions, 389
Sverdrups (sv), 35
Symbols
chemical, 192-193
element, 4,5
isotope, 46
Symmetry plane, 837
Synthesis gas, 734
Synthetic polymers, 929-930
Synthetic products, 932
Syringe, 18, 19
System, 265
Systéme Internationale d'Unités (SI), 12

T
Table salt. See Sodium chloride
Talc, 780
Technetium, 54
Tellurium, 12, 794
properties of, 793
Temperature, 12, 264
altitude vs., 328-329
changes in, in equilibrium mixture, 518-520
critical, 377
density and, 18-19
effect on solubility, 400-401

effects on sulfur, 795
enthalpy change and, 271
entropy and, 650-651, 654
equilibrium constants and, 495, 518, 523
free energy and, 656-657
free-energy equation and, 290-292
intermolecular forces and, 347
kinetic energy and, 323-325
kinetic-molecular theory of gases, 322-325
measuring, 15-16
molality and, 397
phase changes and, 355-356
reaction rates and, 464-467
solubility and, 400-401
spontaneity and, 657—658
standard temperature and pressure, 315, 318
surface tension and, 354
vapor pressure and, 358-362
volume and, 311-312
Tera-, 13
Terephthalic acid, 931
Termolecular reactions, 455-456, 459
Testosterone, 924
Tetraaquadichlorochromium(lll) chloride, 828
Tetrachloromethane, 345
Tetracycline, 922
Tetrafluoroborate, 379
Tetrahedral metal complexes, 824, 843
crystal field theory and, 849-850
Tetrahedral molecular shapes, 159, 163, 170
Tetraphosphate decoxide, 743
Tetravalent, 899
Thalidomide, 182
Thallium, 770, 771
Thallium ions, 119
Theory, 4
Thermal energy, 264
Thermistors, 770
Thermite reaction, 188, 273
Thermochemical properties, 285
Thermochemistry, 263
Thermodynamics, 640
enthalpy, 643-647
entropy, 643-647, 669-670
probability and, 647-649
second law of thermodynamics and, 653—
655
temperature and, 650—651
first law of, 653
free energy, 656—658
chemical equilibrium and, 665-668
free-energy changes and composition of
reaction mixture, 663—665
second law of, 653—-655
spontaneous processes, 641-647
standard entropy of reaction, 652—653



standard free-energy change for reactions,
658—-661
standard free energy of formation, 661-663
standard molar entropy, 651-652
third law of, 650
Thermodynamic standard state, 271-272, 495
Thermometer, floating-bulb, 2
Thermosphere, 329
Thioacetamide, 796
Thiocyanate, 513-514
Thiocyanate ion, 825
Thiols, 221
Thiosulfate, 622
Third law of thermodynamics, 650
Thomson, J. J., 41
Thorium-234, 51
Three-center, two-electron bond, 772
Tie line, 418
Time, 12
entropy and, 669
Tin, 6, 782-783
gray, 783
properties of, 774
white, 783
Tin ions, 119
Titanium, 241, 851, 861
anodizing, 719
Titanium ion, 119
Titration, 206—208, 395
diprotic acid-strong base, 609-612
pH titration curves, 601-602, 604, 605—-606,
608
polyprotic acid-strong base, 609-612
redox, 249-251
strong acid-strong base, 602—-604
weak acid-strong base, 604-607
weak base-strong acid, 607-609
Titration curves, 608
TNT, 272, 919
Toluene, 285, 408, 417-418, 919
Toner, 800
Torr, 307
Torricelli, Evangelista, 307
Toxicity, 29
Trans isomer, 833, 836
Transistors, 876, 879
Transition elements, 809-810
atomic radii, 813-815
chromium, 818-820
copper, 821-822
densities of, 813-815
electron configurations, 810-812
ionization energies of, 815-816
iron, 820-821
melting points of, 813
metallic, 813

oxidation potentials of, 815-818
oxidation states of, 816-817
properties of, 811, 813-816
Transition metal complexes
bonding in, 825-827
color of, 840-842
crystal field theory and, 845-850
Transition metal groups, 8, 9
Transition metal ions, 119
Transition metal oxides, 476
Transition metals
ion formation, 104
molecular configurations of ions, 104
on periodic table, 8, 9
reactions of halogens with, 126
in redox reactions, 241
Transition state, 465
Transuranium elements, 54
Tremolite, 780
Triads, 6
Trifluoromethanesulfonate, 379
Trigonal bipyramidal molecular shape, 160-161,
163
Trigonal planar molecular shape, 158, 159, 163,
170
Trigonal pyramidal molecular shape, 159, 163
Triiodide ion, 161
Trimethylamine, 563, 922
Trimethylgallium, 878
Trinitrotoluene (TNT), 272, 919
Trioxalatoferrate(lll) anion, 830
Triphosphor, 92
Triphosphoric acid, 792
Triple bond, 145
carbon-carbon, 170
Triple point, 376-377
Triple superphosphate, 792
Tripropylamine, 922
Tripropylammonium chloride, 922
Triprotic acid, 233
Tris(ethylenediamine)cobalt(lll) chloride, 829
Tris(ethylenediamine)cobalt(lll) ion, 838
Tritium, 46, 732—733
Troposphere, 328, 329-330
Trouton's rule, 677
T-shaped molecule, 161, 163
Tungsten, 5, 865
Turnover number, 477
Tyrian purple, 932

U

Ultraviolet region, 64

Unimolecular reaction, 455, 459

Unit cells, in crystalline solids, 368—372
body-centered cubic, 368, 369
face-centered cubic, 369



identifying, 371
primitive-cubic, 368, 369
Units
of concentration, 394—-399
converting from one to another, 25-28
formula, 190
reaction rate, 431
Universal indicator, 548
Universe
hydrogen in, 732
increasing entropy of, 669
Unsaturated, 914
Uranium, 326
Uranium-235, 46
Uranium-238, 51
Urea, 181, 221, 676

\%
Valence bond, 873
Valence bond theory, 165-166, 842—-845
molecular orbital theory and, 177
Valence electron configuration
of group 5A elements, 784
of group 6A elements, 793
Valence shell, 87
Valence-shell electron-pair repulsion model. See
VSEPR model
Vanadium, 816
van der Waals, Johannes, 347
van der Waals equation, 328
van der Waals forces, 347
van't Hoff factor (i), 405, 410
Vaporization, 355, 357
enthalpy of, 272
entropy of, 358
heat of, 357
Vapor pressure, 358—-359
calculating from standard free-energy change,
668
calculating in solution, 406
Clausius-Clapeyron equation, 360-362
origin of, 359
solutions and, 403-409
Vapor-pressure curves, 409, 410, 417
Varistors, 895
Very weak acids, 542
Very weak bases, 542
Vinegar, 208, 299
Vinyl chloride, 301, 346, 676, 929
Vinyl monomers, 929
Viscosity, 353—-354
Visible region of electromagnetic spectrum, 67
Vitamin A, 29, 935
Vitamin C (ascorbic acid), 185, 210, 536, 537,
552, 932
Volta, Alessandro, 681

Voltage, changes in concentrations and, 697-698
Voltaic cells. See Galvanic cells (voltaic cells)
Voltmeter, 688
Volt (V), 688
Volume
amount and, 312-314
changes in, in equilibrium mixture, 515-517
expansion work and, 267-269
measuring, 16-18
pressure and, 310-311
of real gas, 327-328
of solution, 202—-203, 204
standard molar, 313, 315
temperature and, 311-312
units of, 17
Volumetric flask, 18, 202
von Laue, Max, 364
VSEPR (valence-shell electron-pair repulsion)
model, 158-165
organic molecules and, 900
ozone and, 752

w

Waage, Peter, 494

Washing soda, 777

Water, 738, 752—-754
addition to alkenes, 917
alkali metals and, 123-124
alkaline earth metals and, 125
boiling point of, 360, 361
critical temperature of, 377
density of, 18-19, 19
dipole moment of, 345
dissociation of, 543-545, 544, 564
electrolysis of, 712, 733
enthalpy and, 272
freezing of, 356
hard, 754
heating curve for, 357
heats of fusion and vaporization, 358
in human body, 225
hydrates, 755-756
hydrogen bonds in, 351-352
as hydrogen source, 734
intermolecular forces of, 347
ion-product constant for, 544-545
melting of, 355, 357, 377
molal boiling-point-elevation constant for, 411
molal freezing-point-depression constant for,

411

molar heat capacity of, 356
percent covering Earth's surface, 225
phase diagram for, 376
properties of, 733
purification of drinking, 753—754
reactivity of, 754—755



shape of, 158, 159, 160, 743
specific heat of, 276
sp3 hybridization in, 167, 168
standard free energies of formation, 661
standard heat of formation for, 281
standard molar entropy for, 652
structure of, 145, 825
surface tension of, 354
vapor pressure of, 360
viscosity of, 354
Water-gas shift reaction, 735
Water molecule, 100
Water strider, 354
Watt (W), 688
Wave equation, 73
Wave functions (y), 73-76. See also Orbitals
Wavelength (1), 64, 65
calculating frequency from, 65-66
Waves
matter and, 71-72
nodes and, 77, 78
phases of, 77
Weak acids, 233, 541, 542
equilibria in solutions of, 551-553
calculating, 553-558
Henderson-Hasselbach equation and, 599
percent dissociation in, 599
pH in, 558-559
very, 542
Weak acid-strong base reactions, 588
Weak acid-strong base titrations, 604—607
Weak acid-weak base reactions, 589-590
Weak bases, 233, 542, 608
equilibria in solutions of, 562-564
Weak base-strong acid reactions, 589
Weak base-strong acid titrations, 607-609
Weak base-weak acid reactions, 589-590
Weak electrolytes, 227, 228, 233
Weak-field ligands, 848
Weak hydrohalic acid, 768
Weight, 14
Werner, Alfred, 823
Whiskers, 887
White phosphorus, 744, 764, 789
White tin, 783
Winkler, C. A., 783
Wood alcohol, 920-921
Work (w), 267
expansion, 267—269

X

Xenon, 11, 127

Xenon tetrafluoride, 162
Xerography, 800

X-ray crystallography, 364—-366
X rays, 64

Y

Yield, 197-199
percent, 197

-yne, 916

Z

Zeolites, 780

Zeroth-order reactions, 453-454

Zinc, 9, 229, 367, 810, 812
corrosion prevention and, 709
electron configuration, 85
in galvanic cell, 681-685
galvanizing and, 709
oxidation state of, 817
properties of, 811, 813
reduction of, 865
symbol, 4

Zircon, 779

Zirconia, 882

Zirconium, 865, 866

Zone refining, 778-779



