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Absolute iemperature scale, 332
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Acceleration of gravity, A.23
Accuracy, A.6
Acetaldehyde, 439
Acetic acid
buffer based on, 654
description of, 625
lonization equilibrium of, 340,
622
manufacture from methanol,
510
{rom oxidation of ethanol
439
titratlon with strong base,
70-674, 671
as a weak acid, 608, 613
Acetyl coenzyme A, 725-726
Acetylene
bonding 10, 254
pi bonding in, 306
production of, 348
products made from, 426t
sigma bonding in, 306
Acetylsalicylic acid, 445, See
alva Aspirin
Achiral objects, 297
Acid, 106, 606-607. Ser also
Amino acid; Carboxylic
acid; pH; Strong acid;
Weak acid
Acid dissociation constant
See Acid iomization con-
stant (X))
Arthenius definition of, 607
Brynsted-Lowry definition of,
607-614
conjugate, 609-611, 612
dissociation of, 108

houschold uses of, 645646,
646, 647, 650-651
lonization of, J06
Lewis definition of, 642-645
polyprotic, 625, 625-626,
674-675
properties of, 106108
strength of, 611-613, 612,
626-630
strong, 107, 607. 608
lonization constants, 621,
624-625
wedk, 107, 608. See alvo Car-
boxylic acid
ionizution constants, A.35
lonization equilibrium, 526,
53%, 540-541, 621, 622
salts of, 637-639, 641-642
Acid-base indicators, 620621,
666-667, 668

Acid-base neutralization reaction,

109
Acid-base pair, conjugate,
609-611, 672
in buffer, 654, 659664
Acid-buse reaction, 92, 607,
612-613
in the kitchen, 647-648
in Lewis sense, 642
net jonic equations for,
111113
averview of, 105-106
salts formed in, 636-642, 6371
Acid-base titration, 145, 666-675
indicators for, 666-667, 668
laboratory setup for, 667
of pelyprotic acid, 674-675
strong acid-strong base,
668-670
weak acid—strong base,
670-674, 471
weak base-strong acid, 674,
674
Acid ionization constunt (X)),
621-622
for hydrated metal jony, 643,
643644
for polyptotic acids, 625-626
problem solving with,
631-633, 631-636
relation to K. 635-636
salt solutions and, 639-640,
641-642
values of, 6241, 624625,
A35
Acid lonization constant expres-
slon. 621-622, 631
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Acid min, 367, 675-677, 676,
681, 652, 845
Acidic oxides, 630
Acidic solution, 615, A 30-A 33
of hydruted metul jons, 643t
643644
pH of, 617
of salty, 639-641. 6411, 642
Acidosis, 655
Actinides, 34-35, 38
electron configurntions, 276,
218, 224
elemental synthesis of, 820
minerals containing, 822
Activated complex (transition
state), 495
for catalyred reaction, 512
3l6
Activation energy (£,), 496,
498-504, 500-502
Tor catalyzed reaction, 572
determination of, 500-502
with enzymatic catalysis, 514,
515-516, 5/6
Active wite, of enzyme, 514, 515,
517
Actvity
of jons in solution, 617
of radioactive sumple (A),
796-798 i
Activity series
of metals, 1201, 120121
reduction potentials and, 758
Actoal yield, 132
Addition, significant figures in,
AT
Addition polymer, 450457, 453t
Adenosine triphosphate (ATP),
724-727, 725, 720-730,
731-732, 848
Aerosols, 357, 367, S9Nt
AFM. See Atomic force
microscope
Air. See alsp Atmosphere
composition of, 354, 154y,
354-355, 8201
fractional distillation of,
R25-826, 826
Alr bags, 342-343, S47-848
Air pollutant, 366-368. Ser alvo
Acid main; Nitrogen
oxides (NO, ). Ozone
from automobiles, 366, 368,
428
from coal. 367. 434
free radicals and, 272
Alcaholic bevernges, 437, 437t

Alcohols, 435443, 4361, A 281

blologically important,
442-443

clussification of, 438
esters derived from, 444
hydrogen bonding in. 438
names of, A 28-A 29
oxidation of, 438442

367
Aldehyde, 252, 439, 440, A 281,
A29
names of, A.29
from oxidation of alcohols,
430
Alkali metals, 30, 836-83%
propertics of, 836
reaction with water, 838
reactions of, 8371, 837-838
uses of, 837t
Alkaline battery, 765
Alkaline-earth metals, 30,
H38-840
properties of, 838 830
reactions of, 8381 838-840
uses of, 84
Alkaline solution, See Basic
solution
Alkalosiy, 655
Alkane, 72
bonds in, 24R-240
cyclic, 249
names of, A 25-A 26
straight and branched-chuin,
249
unbranched, E |
Alkane isomers, 75t
Alkene, 254, See afso 2-Bulene:
Ethylene
cix-trans somerism in,
255-257
names of, A26-A.27
Alkyne, 255, A 27_ See ulso
Acetyiene
Allotropes
of arsenic and antimany, §49
of carbon, 403
of phosphorus, 845
of sulfur, 85)
Alloys, 413
Alpha carhon, 465, 629
Alpha (a)-helis, 469470, 470
Alphi (a) particles. 43, 43-44
785, 7851
emission of, 786-788, 787, 791
in Rutherford expetiment,
4546, 46
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Alpha (a) radiation, 785, 810
Altman, Sidney, 513
Aluming, See Aluminum oxide
Aluminosilicates, 24
Aluminum, 35, 84/
upplications of, 778
bromine reaction with, 695
corrasion of, 779
in Euarth’s crust, 821
Gibbs free cnergy in, 731
hydrated jons of, 6431, 643-644
kinetic stability of, 733
production of, 837, 831-833,
832
properties of, 84/
reactions of, 841t
uses of, 841, 842t
Aluminum hydroxide, 644, 6441,
644645, 6461, 688, 688
Aluminum oxide, 779, 841-842
Amide, 459, A 28
Amide linkage, 459
Amines, 459461, 613-614,
A28
hydrochloride salt of, 640-641
reaction of, with carboxylic
acid, 459
Amino acid, 465469, 4661,
629-630
Ammaonia, 290
amines and, 459
aqueous equilibrium of, 531
as base, 608, 609, 644
chamcteristics of, 68t
complex ions formed by, 644,
685, 686
muanufacturing of, 96
molar mass of, 79
in nitrogen cycle, 844, 845
Ammonia synthesis
equilibrium in. 531, 554-556,
561
Haber-Bosch process, 525,
559-561, 846
Ammonium ion, 38, 531, §76
Ammonium perchlorate, 853t
Amorphous silica, 418
Amorphous solids, 382, 3831,
416419
Amount of substunce (1), 76. A.18
Ampere (A), 749
Amphibole, 823, 824
Amphiprotic species, 609
Amphoteric substance, 644
metal hydroxide as, 644, 644,
6441, 688, 658
Amplitude of wave. 192
Amu. See Unified astomic mass
unit (u)
Amylopectin, 464
Amylose, 464, 465
Analytical chemistry, 18

INDEX

Anderson, Carl, 788
Angular (bent) molecular geome-
try, 287
Anion, 56
names of, 58t, 61-62
polyatomic, 57
sizes of, 230
Anionic surfactants, 649
Anode /
of cathode-ray tube, 44
of electrochemical cell, 744,
745, 748
Anodic inhibition, 780
Antacids, 112, 646t, 646-647
Antibonding molecular orbital,
m
Antifreeze, 590-591
Antilogarithm, A.11
Antimony, 844, 849
Aqua regia, 873
Aqucous solution, 565, See also
Acidic solution; Basic
solution; Neutral solution;
Saolution
acid-base properties of iony in,
641t
of alcohols, 566, 5661, 567
bailing point elevation of,
588-589
chemical reaction in, 742
electrolysis of, 772-774, 773
freezing point depression of,
589-591, 585, 589t
ionic compounds in, 99-100
ionization constant for water
in, 615
stoichiometry in, 142-144
titrations in, 144147
Argon, 854-855
in air, 354¢, 355, 826
Aromatic compounds, 274-276,
See also Benzene
from coal, 434
constitutional isomers of,
274-276
Arrhenius, Svante, 363, 500, 607
Arrhenius acid-base definition,
607
Arrhenius equation, 498-502
Arsenic, 544, 849
in drinking water, 34,
579-580
Artificial transmutations, 801
Asbestos, 823-824
Asparagine, 298
Aspirin, 445, 445
Astatine, 852, 853-854
Atm. See Standard o
Atmosphere, 354-353, See also
Air

carbon dioxide in, 361-366,
362, 364

composition of, 3541, 354-355
layers of, 355, 355
nitrogen in, 259, 3541, 354-355
oxygen in, 354, 354t
thickness of, 355
Atmospheric pressure, 327
partial pressures and, 343
witer wells and, 329
Atom, 23, 25-27. See also
Hydrogen atom
color key for illustrations, ES-7
sizes of, 21-22, 47, 47-50,
225-229, 226, 228
Atom economy, 134-135
Atomic force microscope (AFM),
48

Atomic mass unit (amu). See Uni-
fied atomic mass unit (v)
Atomic masses, 50-55
Atomic number (Z), 50, S0-5)
Atomic orbital, See Orhital,
atomic
Atomic radius, 225-220
bond length and, 257
cubic unit cell and, 398-399
of transition elements,
227-228, 862
Atomic structure, 43-45
Atomic theary, 25-27
Atomic weight, 53-55, ES-3
molar mass and, 77
ATP. See Adenosine triphosphate
Autoionization of water, 615-617
Automobile
air bags, 342-343, 847-848
air pollution from, 366, 368,
428
carbon dioxide produced by,
362
emissions control for, 519-520.
See also Cawlytic
converner
Gibbs free encrgy and, 732
hybnid, 768
lead-acid storsge battery,
166-767, 766-767
methanol-powered, 435
nutural gas power for, 434,
434
stee] recycled from, 867
Average reaction rate, 478, 4781,
480

Avogadro, Amadeo, 76, 340

Avogadro constant (N, ), 76

Avogadro's hypothesis, 333t

Avogadro’s law, 333-334, 334,
336

Avogadro's number, 76, 93, A 23

AXE notation, 287

Axinl positions, 293

Azimuthal quantum number. See
Orbital quantum number

B
Background radiation, 810-87/
Bacteria, nitrogen fixation by,
559, 844, 845
Buking powder, 644
Buking soda, 648
Balanced chemical equation, 94
Balancing chemical equations
cocfficients, 94
description of, 94-95
for oxidation-reduction,
742-743, A.30
steps for, 96-98
Baluancing neutralization reaction,
110
Ball-and-stick model. 285
Bar, 169, 327, 717
Barium, 838, 439
Barium xulfate, 92, 682
Barometer, 328
Basul metabolic rate (BMR), 187
Base, 108, 606-607. See also
Acid-base reaction; Acid-
base titration; pH; Strong
base; Weak base
Armrhenius definition of, 607

conjugate acids, 609-611, 672
household uses of, 645-646,
646, 650-651
Lewis definition of, 642-645
relative strengths of, 611-613,
612
Base jonization constant (K,),
622-624, 624
problem solving with, 631-636
relation to K, 635-636
salt solutions and, 637-639,
64]-642
for weak bases, A.36
Base jonization canstant expres-
sion, 622-624, 631
Base pairs, 322, 322 323
Basic oxide, 630
Basic solution, 615
pH of, 617
of salts, 637-639, 6411, 642
Banery, 744, 744, See also Elec-
trochemical cell
charging of, 722
common types of, 765770
dry cell, 749
grapefruit, 744, 745
voltage, 749
bee. See Body-centered cubic
(bee) unit cell
Beckman, Amold, 620
Becquerel (Bg), 797, 810
Becquerel, Antoine Henri, 43,
784, 785
Bednorz, Georg, 412
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Benzuldehyde, 274
Benzene
derivatives of, 274-275, A.27
electron delocalizution of, 287
molecular orbital model, 281
resonance structures, 269-270
Beryllium, 838-839, 840t
Beta (B) particles, 43, 4344,
78S, 785t. See also
Electron
emission of, 7T86-788, 787, 791
Beta (B) radiation, 785
dose of, 810
Beta-carotene, 310
Beta (B)-pleated sheet, 469-470,
469, 470
Bethe, Huns, 886
Bicarbonate ion, 62. See also
Hydrogen carbonate fon
Bidentate ligand, 880, 580
Bile salts, 399
Bimolecular reaction, 493,
496-498, S03-504,
505-506
Binary acids, strengths of, 627
Binary molecular compound. 70,
70-71

Biofuels, 184
Biological periodic table, 36-37
Biological systems. See also Car-
bohydrate; Cell, living;
Fut; Protein
alechol groups in, 442443
coordination compounds in,
885-886
Gibbs free energy and, 723-730
Biopolymers, 463-471. See also
Polysaccharide; Protein
Bismuth, 844, 849
Black phosphorus, 848
Blast furnace, 864
Bleach, 650
Blood, pH of, 655-656
Blood gas analyzer, 655
BMR. See Basal metabaolic rate
Body-centered cubic (bee) unit
cell, 397, 397, 394, 403
Bohr, Niels, 197, 199, 202
Bohr model, 197-203, 202t
Bohr radius, A.23
Boiler scale, 602
Boiling, 163165, /64, 378. See
also Vaporization
heating curve and, 388
vapor pressure and, 378,
378-379

Boiling point, 7, 314, 378-379
normal, 378, 380
and vapor pressure, 378-379
Boiling point clevation, S85-589,
590-591
of electrolyte solutions, 592
Boltzmann, Ludwig, 701
Boltzmann constant (&), 701,
A23
Bomb calorimeter, 175, J75
Bond, chemical, 68. See also
Covalent bond; Double
bond; lonic bonding:
Metallic bonding: Triple
bond
Bond angle, 288
Bond energy, 174, 260
hinary acid strength and, 627
Bond enthalpy, 174, 2601
259-262
Bond length, 257, 257-259,
258t
Bond order, 278, 2791, 280
Bond polarity. See Polar covalent
bond

Bonding, metallic, 409

Bonding electrons, 243-244

Bonding molecular orbital, 277

Bonding pairs, central atoms

with, 290-293

Borunes, 841

Boric acid, 625

Bom-Haber cycle, 235-236, 236

Boron, 840-84/, 8411, 842t
atomic weight of, 53-54

Borosilicate glass, 418

Bosch, Carl, 525, 559

Boundary surface, 205-206

Boyle, Robert, 19, 331, 819

Boyle's law, 330-331, 331, 334,
336

BP. See Boiling point

Bromine, 852, 853. See also

Halogens
production of, 834-835
reaction of, with aluminum,
695
Bromthymol hlue, 620, 667-668,
669-670, 671. 674
Bronowski, Jacob, 21
Bransted, J. N., 607
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Brensted-Lowry acid, 607-613,
604, 642
reaction with base, 636-637
relative strengths of, 611-613,
612
Bronsted-Lowry base, 607-613,
609, 642
amphoteric metal hydroxide as,
644, 644
reaction with acid, 636-637
relutive strengths of, 611-613,
612
Bronze, B43, 870
Buckyballs, 406
Buffer, 654, 654-655, 656,
6591
Buffer capacity, 664-666
Buffer solutions, 654-6566
udding acid or base to,
660-664
calculating pH change in,
661-664
calculating pH of, 656-657
capacity of, 664-666
mechanism of, 654-655
selecting conjugate acid-base
pair, 659-660
Building-block clements, 36
Butane, 73, 74
2-Butene, cis-truns isomerism in,
256
catalytic conversion, 510-513
conversion of, to trans-

2-butene, 494
equilibrium of, 540, 541, 549,
556-557,716
kinetics of, 493496, 496,
502-503, 510-513
Butylene, products made from,
4261
C
C. See Coulomb
Caffeine, 381
Cal. See Calorie
cal. See caloric
Calcium, 839, 839840, B4t
Calcium carbonate, 6461 See also
Limestone
as boiler scale, 602
reaction with acid, /5, 681
reaction with aqueous carbon
dioxide, 550
thermal decomposition of,
181-182

Calcium sulfate, hydmated, 81

Calculations, significant figures
in, 10-12, AS-AB A1l

Calculators, electronic, A8

1.3

INDEX

quadratic equations,
A12-A13
roots of a number, A.10
rounding numbers, 1012,
AT-A8
scientific notation, A.9-A.10
Caloric value, 186, 1861
Calorie (Cal or keal), 152-153
calone (cal), 152-153
Calorimeter, 175-176
Calorimetry, 175-177, 254
Calvin, Melvin, 814
Capillary action, 391-392
Car. See Automaobile
Carbohydrate, 184. See also Poly-
saccharide; Sucrose
classes of, 463
fermentation of, 648
photosynthesis of, 728-730
Carbon, 842, 843
allotropes of, 403
watcr-gas reaction of, 555
Curbon-12, 51, 76
Carbon-14, 800
Carbon-14 dating, 799, 799-801
Carbon dioxide
in uir, 645
atmospheric, 361-366, 362,
364
from sutomobiles, 519-520
in beverages, 577, 577
as buffer in blood, 655
chamcteristics of, 68t
fousil fuels and, 422
in the kitchen, 647-648
as Lewis acid, 645
phase dingram for, 359,
389-390
in min, 675
solid stute of, 386, 386
structure of, 252, 249
supercritical, 381, 38/
Carbon monoxide
in automobile exhaust, 428,
519-520
description of, 93
poisoning by, 886
Carbon nunotube, 406
Carban tetruchloride. 68t
Carbonate ion
and blood buffers, 655
resonance structures, 268
Carbonate salts
reaction with acids, 709
solubility in acidic solution,
681
Carbonates, 1011
Carbonic acid
description of, 113
enzymatic decomposition of,
513
Carbonyl group, 252



1.4

Carboxylic acid, 443444,
613-614, A 281, A.29. See
alo Acetic acid

amides derived from, 459
esters derived from. 444
names of, A.29

naturally occurring, 444¢
oxidation of alcobols to, 439
strengths of, 628-629

Carothers, Walluce, 459

Catalysis, 512

Catalyst, 426, 509-313, See also
Enzyme

INDEX

uactivation energy and, 5/2
equilibrium and, 527
heterogenzous, 519
homogeneous, 512, 519
in industry, 519-521
reaction mechanism and,
510-513
RNA acting as, 513
transition elements as, §63
Catalytic convener, 428, 428,
476, 579, 519-520, 843
Catulytic cracking, 425-426
Catalytic reforming, 427
Catenation, 842
Cathode, of electrochemical cell,
T44, 744, 745, 748
Cathode-ray tube (CRT), 44
Cathodic protection, 780
Cation, 55, 55, See also Complex
lan: Metal fons
names of, 61
sizes of, 220.23)
Cationic surfactunts, 640
cep. See Cubie closest packing
CD discs, metul coating on, 386
Cech, Thomas, 513
Cell
electrochemicil. See Electro-
chemical cell
living, 395-596
Cell membranes, 442
Cell potential. See Cell voltage
Cell voluge, 749-754, See also
Standard reduction poten-
tinls (E)
concentration and. 762-76S,
763
Gibbs free energy and,
759-762
Celltlose, 464-463, 463
Celsius temperature scale, 7,
332333 A15, A0,
A22
Cement, 416-417
Cementite, 864, 866
Ceramicys, 4017, 416418
superconducting, 412-413
Cesium, 398 836
CFCs. Ser Chiorofluorocarbons
Chadwick, James, 49, 801

Chain reaction mechanism
of nuclear fission, 803, 803, 804
of stratospheric ozone deple-
tion, 357
Chakraborty, A K, 3
Chalcogens, 849
Change of state, 163, See also
Melting: Sublimation;
Vaporization
ENCIgy conservation i,
163-165, 164
enthalpy change in, 166-168
heating curve and, 357-388
Charge. See Electrical charge;
Formal charge
Charles, Jncques, 332
Charles's luw, 332, 332-333, 334,
136
Chelating ligands, 880. 880-881,
882

Chemical band, 68. See alyo
Covalent bond; Double
bond; lonic bonding;
Metallic bonding: Triple
bond

Chemical change, 14-15, 75
Chemical compound. See Com-
pound. chemical
Chemical element. See Element,

chemical
Chemical equstion
balanced, 94
description of, 93-94
for equilibrium reaction, 526
for oxidation-reduction.
T42-743
Chemical equilibrium. See Equi-
librium, chemical
Chemical formala, 25, 30, 83
of complex ion, 876
of coordination compound,
8§76-878
empirical, 858§
of ionic compound, 59-60
Chemical fucl, 184-188. See also
Fousil fuels
Chemical Kinetics. 476-477. See
also Rate constunt; Rute
law; Reaction mecha-
nism: Reaction rute
hermodynamics and, 735
Chemical potential energy, 151
Chemical property. 15
Chemical reaction, 14-15. See
also Acld-base reaction;
Oxidation-reduction
(redox) reaction; Precipi-
tation reaction; Producy-
favored reaction;
Reactant-favored reaction;
Stoichiometry
In agqueous solution, 142
1o completion. 539, 541

controlling, principles for, $59
endergonic, 724, 726-727,
728

endothermic, 164
energy from, 150
enthillpy change in, 168-174,
178180, 181-183
exergonic, 724, 727
exothermic, 164
stoichiometric relutionships in,
125
types of. See specific reactions
Chemical sclences, 37-39
Chemical stoichiometry, 123
Chemical symbol, 25
istry, 2
analytical, 18
biochemistry, 33
challenges for the future,
37-39
clectrochemistry, 738-739
green, 134
organic, 35
Chemotrophs, 729
Chernobyl nuclear pawer plant,
B05-806

Chiral center, 297
Chiral molecules, 297-299
Chiral objects, 297
Chirality, 297
Chlor-alkali process, 829-830
Chlorine, 852-853, See alto
Halogens
atomic radius of, 225
in bromine and lodine produc-
tion, 835
commercial production of,
829-830
oxoanions of, 6/
n water reptment, 600, 601
Chlorofluorocarbons (CFCs),
357358
Cholesierol, 138, 442
Chromate jon, 874-875
Chromates, 101t
Chromatogram, 433
Chromium, 874-876, 875
Chymotrypsin, 312, 312, 470
Ci. See curie
cix isomer, 255-257
cis-trany isomerism, 285-256
catalytic conversion. 510-513
in complex jons and coordina-
ton compounds, 884
equilibrium of, 540, 547, 549,
556-557, 716
kinetics of, 493496, 405
302-503. 510-513
Cisplatin, 877
Citric acid cycls, 726, 726
Clansius-Clapeyron équation,
379-380, 379, 379
Clays, 824

Cleaning compounds, 646,
648-651, 649
Closest packing, 402-403
Conl
air pollution and, 434
composition of, 434
us fuel, 185, 422, 430, 434
gaseous fuel from, 555
Gibbs free encrgy and.
730-731
products derived from, 434
sulfur dioxide from, 367, 368
Cobalt
complex jons of, 889
dietary necessity of, 886
Coefficients, 94-95
Cofuctor, for enzyme, 514
Coffee cup calorimeter, 176-777
Cold packs, 574, 574
Cold pasteurization, 813-§14
Colligative properties, S85
description of, 585-596
of electrolytes, 592
Colloid, 596-598, 597
Color key, for atoms, ES-7
Color wheel, 897
Colors of coordination com-
pounds, 552, 885-886,
890-892, 592
Combined gas law, 335-336
Combining volumes, law of,
340
Combustion
of fossil fuels, 150
of nutural gas, /5
of powder, 476, 477
of propane, 150
Combustion analysis, 735,
135-136
Common jon effect, 682-685,
083
kidney stones and, 690-691
Complementary hase pairs, 322,
322,323
Complementary colors, 590,
&89)
Complex cation, §78-879
Complex 1on, 6431, 643-644,
B76-878. See also Coor-
dination compourd
copper-contaiming, 871, 872
formation constant of,
686-687, 68Nt
geometry of, 88§2-885
gold-contuining, §73
Isomerism of, 883-88S
naming, 878¢, §78-879
solubility equilibriz and,
685-687, 686
Composite iron mutrix. 4
Composites, 407
Composition, &3
Composition formuly, 135136
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Compound, chemical, 19-20, See
wlso lonic compound;
Molecular compound:
Names of compounds;
Organic compound

atomic theory and, 25-27

selected thermodynamic
values, A 42-A 48

stundard state of, 180

Compressibility, of a gas, 329,
331

Concentrated solution, 578

Concentration, 136~142, 137, See
also Molarity

calculated from rate law,
490491

cell voltage and, 762-763,
763

equilibrium, 535, 544-548

as funchion of time, 477479,
4784

Le Chatelier’s principle and.
548-551, 549-550, 553

reaction rate and, 482486,
502

unis for, 578, 579-385, 384,
5851

Concentration cell, 763

pH measurcement and, 763-765

Concrete, 416

Condensation, 164, 165, 371,
373, 376, 380

enthalpy, 167
Condensation polymer, 450,
457462
hiological, 467
Condensation reaction, 445
amide formed by, 439
ester formation by, 445
glycosidic linkage formed by,
463464

Condensed silicates, 823

Conduction band, 410

Conductor. electrical. 410

Conjugate acid-base pair,
609-611,612

In buffer. 654, 659-664

Conservation of electric charge,
law of, 104

Conservation of energy, law of,
153, 157, See alse First
law of thermodynamics

in changes of state, 163-165
al constant pressure, 166

Conservation of matter, lsw of,
26

Constant composition, law of, 26

Constant pressure, enthalpy,
165-166, 176-177

Constant-pressure calorimetry,
176-179

Constant volume, heat transfer at,
165, 175

Constant-volume calorimerry,
175176
Constants, tables of values. A.23,
ES-7
Constitutional isamer (structural
isomer), 74
of sromatic compounds,
274275
of complex ions, 883
Constructive interference, 404
Contact process, 851
Continuous phase, 596
Continuous spectrum, 197, 197
Conversion factor, 72, 12, A4,
A20, A211, ES-6
Coordinate covalent bond, 271,
470, 642, 876
in proteing, 471
Coordination compound,
876-878, 877, See also
Complex ion
in biological systems,
885-886
color of, 882, 885-886,
R890-892, 892
crysl field theory of,
886892
geometry of, 882-885
isomensm in, 883-885
naming, 878¢, §78-879
Coordination number, 880
geometry associated with,
882-883
Copemicium, 33t
Copolymer, 455356
Copper, 843, 868-872
in human body, 886
oxidation of, 12/
oxides of, §72
patina on, 870, §7/
zinc versus, 121
Copper sulfate, hydrated, 80

Corrosion, 778-780
Corrasive chemical waming plac-
ard, 657
Coulomb (C), 749
Coulomb’s law, 63-64
Counter ions, 877, 878-879
Covalent bond, 242. See also
Lewis structure; Multiple
covalent bands
bond enthalpy of, 260t
250-262
bond length of, 257-258,
257-259, 258t
coordinate, 271, 471, 642,
876-877
molecular orbitals for,
276-277, 276-281, 277,
278, 27%
polarity of, 262-264, 262-265
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resonance structures and,
267-271, 268
single, 243-244, 243-248
valence bond mode! of,
276277
Crick. Francis H. C., 327, 4M
Critical mass, 803, 804
Critical point, 380, 389
Critical pressure (P, ), 380-381
Cnitical wemperature (T,
380-381 .
CRT. See Cathode-ray tube
Crude oil, 423-424, 424, 430,
432
Crutzen, Paul, 357, 476
Cryogen, 844, B5(, 855
Crystal field splitting energy (),
887, 587, BR8-801
Crystal ficld theory, 886-892
Crystal latuce, 64, 393
Crystal violet, 477, 477-483, 478t
Crystulline silica. 418
Crystalline solids, 382, 396-403
Crystallization, 385-386
Crystallization enthalpy, 385
Cubic closest packing (cep), 403,
403
Cubic holes, 400
Cubic unit cell, 397-398,
398400
Curie, Marie, 43, 784
Curie, Pierre, 43, 784
curie (Ci), 796, 797, 810
Curium, 33t
Cycloalkanes, 73, 249
Cyclohexane, 73
Cyclopentane, 73

D
D. See Deuterium
d. See Density
d-block elements, 276, 219,
858-863. See alyo Transi-
tion clements
d orbital, 303 v
d orbitals. 207-208. 208. 210
in coordination compounds,
886-891, 887, 890
shapes of, 213
of transition elements, 216-218
d-to-d transitions, §90-891
Dacron, 457-458
Dalton, John, 25-27, 343
Dalton’s law of purtial pressures,
REX]

Davisson-Genmer experiment, 204
Davy, Humphry, 607, 827

de Broglie, Louis, 203-204, 205
Debye, Peter, 308

Decay constant, 797
Decompasition resction, 19
Deep-sea diving, 344345

INDEX

Degree of polymenzation (), 451
Delocalized electrons, 270, 281
Deltn (A)
as crystal Ticld splining energy,
887, 887, RE8-891
as svmbal for change, 156,
200, 476
AG. See Gibbs free energy: Gibby
free enerpy change; Stan-
dard Gibbs free energy
chunge
AG7. See Standard molar Gibbs
free energy of formuation
AH. Ser Enthalpy change; Stan-
dard enthalpy change
AH", See Stundard formation
enthalpy
AS. See Entropy; Entropy change;
Standard molar entropy
AS®. See Sundard entropy change
Denaturation, 517, 517
by acids. 651
Denamwred ethanol, 437
Density (d), 7-9, 8t
of gas, molar mass and,
337-340
solving problems on, 12-13,
A2-AIALAS
unit cells and, 398-400, 401,
402
Dental amalgam, 758
Deoxynbonucleic acid (DNA)
complementary base pairs,
322 322
double-helix structure of,
321-322
double-stranded, 32/, 322
nucleotides of, 320, 320-321
phosphorus in, 848
replication of, 322-324, 323,
323
Watson-Crnick model of,
321322
X-ray crystallography of. 404
Deposition, 386
Deposition enthalpy, 386
Desalination, 20, 596. 596
Destuctive interference, 404
Detergent, 599, 599, 648-650,
649t
Deuterium (D), 32, 32, 789,
792-793
fusion of, 808, 809
Dextrins, 464
Diamagnetic substance, 223, 860,
888
Diamines, 459
Diamond, 382, 403, 405, 406,
731733774
Dintomic molecule, 31
molecalar orhitals for, 277,
277-281, 278, 2791
Dicarboxylic acids, 444



Dichromiate jon, 874-875
Dictary minerals, 37
Diffraction
of clectrons, 204
of light, 196-197
of X-rays, 404
Diffusion, 350-351
Dihydroaluminum sodium car-
bonate, 646t
Dihydrogen phosphate ion. 581,
6241
Dilute solution, $78-570
equilibria in, 530, 531-532
Dilution, 140-142
Dimensional analysis, 9, A 3
Dimethy] ether, 285
Dinitrogen tetraoxide,
of, 535-538. 540, 548, 557
Dipole-dipole attruction, 314
in colloid, 598
description of, 314-315
melting and, 385t
Dipole moment, 307
Disaccharide. 463, 464. See also
Sucrose
Disintegration reactions, 794
Dispersed phuse, 506
Dispersion forces, See London
forces

Disproportionation reaction, 120,
871
Dissociation, 99, 108
Dissolving
enthalpy chinge in, 177
entropy change in, 703
Distillation, 423424, 424
of air, 825-826, 526
Division
with logarithms, A.12
sgnificant figures in. A 7
Djerassi, Carl, 5
DNA. See Deoxyribanucleic
acid
Doping, 414
Dauble bond, 246, 251. See also
cis-trans isomerism
in alkenes, 254-255
© somerism and, 254-257
Doubie helix. 321-322
Dow, Herbert H., 835
Dow process, §30-831
Downs cell. 827
Drin cleaners, 650-651
Drinking water
ansenic in, 3-5
lead in, 580
municipal, purification of, 604,
601-602
Dry cell batteries, 749
Dry Ice, 386, 386
Dual nature of light, 196197
Dynamic cquilibrium. 377, 526

INDEX

E
£ See Encrgy: Internal energy
£7, See Suandard reduction
potentialy
£7. See Standard half-cell
polential
E}. 759, 761
¢. See Electron charge
EA, See Electron affinity
£, See Activation energy {
Earth. elemental composition of,
824
EDTA. See Ethylenediaminetetru-
acetate (EDTA) jon
Effective nuclear churge. 228-229
Efficiency, of energy conversion;
732
Effusion; 350-35]
‘Eicosane, 73
Einstein, Albert, A1
mass-energy equivalence und,
792-793
nuclear energy and, 784
photoelectric effect und,
195-196, 197
Elustic collisions, 330
Elastomery, 456
Electrical churge, 43, See Faraday
constant
amount of electrons and,
775-776
Coulomb's law and, 63-64
effective nuclear charge,
228-229
clectronic, 44
elementary, A.23
partial, 264, 573
unit of, 749
work and. 749, 750760
Elecirical conductivity, lempemn-
ture and, 410412, 47/
Electricul current, 749, 775
in molten fonic compound,
65-66

in solution of ions, 65-66
Electrical energy, 150
Electrochemical cell, 744-740,

745, 748, 1744 See also
Battery: Electrolysis;
Standard reduction poten-
tials (£7)

concentrution cells, 763,

763-765

fuel cell, 770, 770-771

shorthand notation for, 748

summary of, 745, 746

voltage and, 749-754

work done by, 744, 749,

759-760
Electrochemistry, 738-739
Electrode, 745

standard hydrogen, 757752,

751-754, 763 '

Electrolysis, 771-774. 773, 776
in aluminum production, §32
calculnting moles in, 775-776
clectrorefining of copper,

$68-870

elements extructed by, 827-833
of magnesium chloride,
830-817
in metul plating, 777-778
of sodium chloride, 827,
§20-830
of wuter, 721, 776-777
Electrolyie, 100, 607
colligative properties of, 592
strong, 100, 106-108, 608
strong acid v, 608
n voltaie cell, 744, 745
weak, 100, 107, 608, 621,
622
Electromagnetic radiation, 191,
191-193. See also Infra-
red spectroscopy; Light;
Ultraviolet mdiation
dusl nature of, 196
Spectrum of, 192, 192, 192
Electron(x) (07 ). 44—45_40_ See
also Betw ([3) particles:
Lone pair electrons;
Valence electrony
bonding (shared), 243-244
charge on, 44, A.23
core, 219-220
counting, 775
delocalized, 270, 281
massof, 51, A23
pairs, 243-244
Electron affinity (EA), 234, 234
Electron capture, 788, 79}
Electron charge (¢), 4. A.23
Electron configuration, 190, 213
of sctinides, 218-219
womic, 213-22]
of complex ions, 887-888, 888
of elements in ground state,
A24t
ionic, 221-225, 222
of lanthanides, 218-219
of main group elements, 2141,
214216
periodic table and, 2/4-218
of transition elements,
216-218, 219-220,
858-861, 859t
of transition meta! fons,
223-225, 860-861
valence electrons in, 219-221
Electron density. 208, 212-2)3,
213
color key for, ES-7
Electran density mode), 248
Electron diffraction. 204
Electron-region geumerry, 287
Electron spin, 209, 209

Electron teansitions, in Bohr
model, 199

Electronegativity, 262-265, 263,
264

Electronic waste, 463
Electroplating, 738-739,
777778
Electrostatic energy, 15]
Element, chemical, 19-20, 27-31,
See also d-block ele-
ments; f-block elements;
Inner transition elements;
Mumn group clements;
p-block elements; Peri-
odic tuble; s-block ele-
ments; Transition
clements
atomic number of, 50-51
atomic theory and, 25
stomic weight of, 53-55, 77,
ES-3
diagonal relationships of. 840
discovery of, 31-32, 33t
electron configurations of,
213-221, A4t
extruction methods for,
B24-825, 825,
Tormation of, 819-82)
Isotopes of, 51-55, 52, 55
known reserves of, 825, 825¢
line emission spectrum of, 197,
202
muss number of, 50-54
mineral sources of, 821, 822
molar masy of, 77
names of, 27-29, 33
selected thermodynumie val-
ues, A42-A 48
stable isotopes of, 789-794,
790

standard state of, 180, 181
symbals for, 27-29, 33t, 50
terrestrial, 82/-828, §25¢
transmutations of, 801-802
trmnsuraniom, 801
types of, 30-3]
Elemental nitrogen, 96
Elementary reaction, 492198
bimolecular, 493, 496498,
S03-504, 505-506
rate lawy for, 502-504
resction mechanisms and,
S04-506
unimolecular, 493, 502-503.
S04-505, 506
Emissions control, 519-520. See
alyo Catalytic converter
Empirical formula, 85-88, 86,
135-136
Emulsion, 598, 599
en, See Ethylenediamine
Enantiomers, 297, 208, 885
End paint, 145, 666

lhm-wwmmmmhotmm



Endergonic reaction, 724,
726-727, 728
Endothermic process. 164
boiling as. 164

bond enthalpies und, 174, 259,

261
entropy change and, 709, 70%
equilibrium constant varistion
with temperature for,
553-554
melting as, 384
solution formation as, 572,
574, 574, 5714-575
viporization as, 380
Energy (E), 16. See also Activa-
tion energy (E,): Internal
energy (El; Kinetic
energy: Potentinl energy
binding energy. 792-7%4
from chemical reactions, 150
classification of, 150-151
conservation of, 153, 157,
163-165
dispersal of, 697699,
T06-707. See also
Entropy (5)
equilibrium position and,
S$56-558
equivalence to mass, 792
jonization energy, 231-234,
232, 234
lattice energy. 235-237, 2371,
573,574
of & quantum, 193, 195
sources of, 173-174
as st function, 167168
temperature and, 154-156
thermal. 150, 154
rransformutions of, 16, 16,
153
units of, 151-153, ES-6
Energy band, 409-410
Energy conservation, 731
Energy density, 186
Encrgy levels, 199, 200
atomic, 206-211, 208
volume of gas und, 698699
Energy resource, 730
Encrgy sources
of U, S., 149-150, 184, /85,
430434, 434
Encrgy transfer
in changes of state, 163-165
by heating (g). 154-156, 155,
157-158
sign of, 156-157
by work, 157-138
Enthalpy (H)
reaction, 168-172, 174
standard formation. 180,
180-184
standard reaction, 168
us stare function. 167-168

Enthalpy change (AH), 163,
166, See also Crystalliz-
tion enthalpy: Deposition
enthalpy; Formation
enthalpy; Fusion enthulpy,
Hydration enthalpy: Solu-
ton enthalpy; Sublimation
enthalpy; Vaporization
enthalpy
activation energies and,
407498
in bond formation. 174, 2600
259-262
in changes of state, 166-168
in chemical reactions,
168174, 178180,
181183
at constunt pressure, 165-166,
176-177
of dissolving, 177
equilibrium position and, 557
Hess's law and, 178-180, 181,
183
Entropy (S). 557, 699-705
absolute, 700-701, 701t
calculating changes in,
705-706
colligative properties and. 594
equilibrium position und,
$57-559
measurement of, 699-701
predicting changes in, 704705
qualitative guidelines for, 7011,
TO1-704
second law and, 706-710
solution formation snd,
571-572, 575, 704705
standard maolar, 701, 7011, 708,
AA4-AAB
vapor pressure lowering and,
587-588
of vaporization, 557-588
Entropy change, 696-701, 707
Environmentul Protection Agency
(EPA)
air quality standards, 367-368,
368

drinking water standards, 601
rados standand, 813
Enzyme, 513-518
acuvity of, 514
denaturation of, 17
{nhibition of, 517-518
kinetics with, 315-316
maximum velocity with, 517
noncovalent forces and. S13.
516
specificity of, 514
substrate interactions with,
514-515. 516
rinc-requiring, 886
Enzyme-substrute complex,
S15-510
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EPA. See Environmental Protec-
tion Agency
Epmephrine, 614
Epsom salt, 81t
Equation. See Chemical equation:
Nuclear equation; Qua-
dratic equation
Equatarial positions, 293
Equilibrium, chemical, 525
charactenistics of, 525-528
in dilute solutions, 531-532
dynamic, 526
energy effect on, 556-557,
557-559
entropy cffect on, 557-559
generalizations about, 559
Le Chatelier’s principle and,
548-556
Equilibnum, thermal, 155, 162
Equilibrium concentration, S35,
544548
Equilibrinm constant (A, or K),
$28-535, 529. See also
Acid ionization constant
(A,); Base jonization con-
stant (AL} lonization con-
stant for water (K ),
Solubility product con-
stant (K.}
caleuluting concentrations
with, 544-548
cell voltage and, 761-762
determination of, 535-538
for dilute solutions, 531
energy effect on, $56-557, 557
‘entropy effect on, 557
for formation of complex ion,
656087, 6871
for formation of conjugate
acid, 621-623
Ciihbs free encrgy change and,
717-719, 161-762
meaning of, 538-542
predicting direction of rescton
with, 542544, 543
pure Hquids or salids and. 530
reaction guotient and,
542-544, 543
for reverse reaction, 532, 541
selected experimental values,
3350
solubility and, 569-570
standard, 717-719
stoichiometne coefficients and,
530, 532
for sum of reactions, 533-534
iemperature dependence of,
§53-356, 357-558, 719
in terms of concentrations, 529
in 1ermy of pressures, $34-533
units of, 531
Equilibrium constant expression.
530, 532
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Equilibrium vapor pressure, 377.
See alvo Vapor pressure
Equivalence poiny, 144
detection of, 666-668
pH vitlue ul, 668, 669,
670-671, 671, 673, 674,
674
for polyprotic acid, 675
Ester, 443, 243449 A 281, A 2Y
hydrolysis ol 448349
numes of, A28t
polymers based on, 457-458
Esterification, 445
Ethanol, 4361, 437438
blood levels of, 437, 437t
as fued, 732
in gasoline, 428-430, 429, 437"
hydrogen bonding in, 438
solubility in water, 566, 567
structure of, 285
Ether, A28t
methyl rert-butyl (MTBE),
436437
Ethyl aleohol. See Ethanol
Ethylene, 254
polymers based on, 450-453,
4531
producty made from, 426t
synthesis from ethune, 709,
732733
Ethylenc glycol, 159, 4361, 438
as antifreeze and coolant,
S90-591
polyesters based on, 457-458
Ethylenediamine (en), 880-881
Ethylenediaminetetruacetate
(EDTA) ion, 881, 8582
Ethyne, See Acetylene
Evaporation, 164, 380. See ulso
Vaporization
kinetic energy and, 373, 377
thermochemical expression for,
168
Excess reactant, 131
Excited state, of atom, 199
Exerponic reaction, 724, 727
Exothermic process, 164
boand enthalpies and, 174, 259,
261
condensunon s, 164, 380
energy dispersal in, 697, 6599
entropy change and. 709, 709
equilibrium consant for, 554
freezing as, 384-385
Gibbs free energy change and.
TI0-711
solution formation as, 372,
574, 574-575
Expunded octets, 272, 273,
303304
Exponential curve, 499
Exponential notation, A9-A.10
Extent of reaction, 715

INDEX



F
E See Faraday constam
Sblock elerments, 206, 219
S orbital, 207-208, 208, 210
filling of, 276, 218-219, 224
Face-centered cubic (foc) unit
cell, 397, 308, 403
Fahrenbeit remperature scale. 7,
AdS, A20,A22
Faraday, Michael. 760
Faraday constant (F), 760,
T5-776, A3
Fat, 185, 445448, 446
Fatty acids, 445448, 446, 447
esters of, in biodiesed, 449
from hydmolyzed triglycerides,
448

salts of, 598
fee. See Face-centered cubic (foc)
unit cell
Femtosecond spectroscopy. 50/
Fermi, Enrica, 801
Ferromagnetic substance, 223
Feromagnetism, 223
Fentllizes
ummonia for, 559, 846
phosphorus for, 854
Feynmann, Richand, 23
Fibroin. 470
Fibrous proteins, 471
First law of thermodynamics
(law of conservation of
encrpy). 153
First-order reaction, 487, 488

half-life of, 29)

radioactive decay ns. 794-795,
v

unimoleculay, S03

Fission
description of, 793-794
niclear, 802-408, 804
Fluoriduted water, 848
Fluorine, 852, §53-854, See alio
5

INDEX

Fog. 597, 597
Food
Irradiation of, §13-814
nutrients in, 724, 725, 724
" Food encrgy, 152, 168, 175,
184185, |B4—188, 186¢
Food lubel, 248
Force
pressure and, 327-328
work and. 154
Formal charge, 266-267
Formaldehyde, 252, 705
Formation constant (K,),
686-687, 6871
Formution enthalpy, standasd
(AFH"), 180184, 1821,
Ad2-A 4R
Formuli See Chemical formula
Formuln unit, 64

Formula weight, 80
Fousil fuels, 422423, Sep ulso
Coal; Naturd! gas;
Petroleum
atmospheric carbon dioxide
and. 362
nitrogen oxides from, 368
sullur dioxide from, 675
UL S. sources, 149-150), }«84.
185 430434, 431
Fracking (hydrulic fracturing),
431432 432
Fractional distillation, 423-424
of air, 825-426, 826
Franklin, Rosulind, 322, 404

energy (G)
Free rudicals, 271
in stmtospheric ozone deple-
tion, 357
in stratosphene ozone fomma-
thon, 357
1 polymerization, 450-451
Froezing, 166-167, 384-386. See
alvo Melting
Freezing point, 7
Freezing pamnt lowering, 585,
589.59)
applications of, $92
of clectrolyte solutions, 592
Frequency (v), 191-192
enerey per quantum and, 193
Freguency factor (A), 500, 500,
sm

Fuel. 15, /5
biodiesel, 449
chemical, 184-188
tossil, See Fossil fuels
Fuel cell, 770, T70-771
Fuel value, 186
Fukushimy Dujichi Nuclear
Power Plant necident,
805306
Fullerenes, 403, 406, 406
Functional group, 250, 435
classes of orgamic compounds
and, A28
names ol organic compounds
and, A27-A.29, A 25
Fusion, nuclear, 794, $08-809
in sturs, 819-820
Fusion enthalpy (A, ),
166167, 385, 385t
for metals, W8 408

G

(. See Gibbs free

Gallium, 840, 8411-842¢
Gialvanic cell, See Voltaie cell
Galyamzed tron, 780

Gamma (y) endiation, 43, 4344,
78S, 7851
dose of, 810
food rmadiation with, 813-814
n medicime, 814-815. 816
Garnet, 823
Gus, 6, 23-24, See also Ideal gus;
Pressure
chemical reactions in, $24-525
collecting over water, 347-348
entropy of, 701, 701+,
702-703, 704
equilibrin imvolving, 327
expansion of, 698, 698
fandamental propertics of,
320.330
kinetic-molecular theory of,
329-330, 331, 332, 334,
48354, 349, 353
mixtures of, 320, 343, 343348
molar mass and denity of.
337-340
molur volume of, 334, A 23
real, 357, 351-354
solubility of, 575-578
stoichiometry of, 342-343
Gas chromatography (GC), 433
Gass constant (R), 334, 3341, A.23
Gas-forming reaction, 113
Gas lawy, 330
Avogadro's law, 333-334
Bovle's law, 330,33, 334,
336
Charles's luw, 332, 332-333,
334,336
combined gas law, 335-336
ideal gas law, 334-337, 336
law of combining volutnes,
M0
Gasohol. 437
Gasoline
gas chromatography of, 433
lead wn, 427-428, 838, 843
octane number of, 4251,
425428
oxidaton in air, 695
oxygenued, 428-430, 437
reformulated. 428430, 435
Gsoline fraction; 425-429
Gay-Lussac, Joseph, 340
GC. See Gas chromatography
Getger counter, 796
Gene, 323
Genetic code, 322-324
Geometric isomerism, 255, See
also civstrany ivomerism
n complex jons and coordinag-
ton compotnds,
B83-885, 484
Germanium, R42.843, 843
Ciibbs, Josinh Willard, 710, 717
Gibbs free energy change (AG),
719722

Gibbs free encrgy (GJ, T10-714,
713. See ulso Gibbs free
energy change (AG),
Standard Gibbs free
energy change (AG");
Standard molar Gibbs
free energy of formation
(A,G")

automobile tavel and. 732
cell yoluage and, 759-762
canservition of, 730-733
equilibrium and, 714-720,
T61-762
extent of reaction and,
TI5-718,715 718
metsbolism and, 724-728, 7264
for nonstindard-state condi-
tions, 719-720
photosynthesis and, 728-730
work and, 721723
Gluss, 407, 415419, 416
meniscus in. 391, 392

Global warmming. 363-366, 363

Globular proteins, 471

Glucose

polymers of, 463465, 463
reaction with copper ion,
871872
Glycerol, 79t, 4361, 438
triglycerides and, 445, 446,
449

Glycogen, 464

Glycosidic linkage, 463, 464, 465

Gold. 872-873

Goodyear, Charles, 456

Goudsmit, Samuel, 209

Graduated cylinder, &

Graham, Thomas, 596

Graham's law, 351

Gram-mole calculations, $1-83

Grupefruit battery, 744, 745

Graphene, 406, 768-769

Graphing, A.13-A15

Grphite, 403, 405. 405406

Gravitational potential energy,
151, 151, )53-154

Gy (Gy). 810

Green chemmisiry, 134

Greenhouse elfect, 36/, 361-363

Grignard reagents, 840

Ground state, atomic, 199

electron configurations of,

A2

Group 1A, See Alkali metuls

Group 2A. See Alkuline-carth
metals

Group 3A. 840-842, 847, 8411,
8420, See also Aluminum

Group 4A. B42-843. See alsa
Carbon; Silicon

Group SA, 841-849, 844, See
also Nitrogen;
Phosphorus
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Group 6A, 840-852, 850. See
alyo Chnlcogens; Oxygen;
Sulfur

Group 7A. See Halogens

Group 8A. See Noble gases

Groups, of periodic whle, 33

valence electrons and, 219
Gy. See Gray
Gypsum, 80, 81, 827

H
H. See Enthalpy
A See Planck’s constant
H,07. See Hydronium ton
Haber, Fritz, 525, §59
Haber-Bosch process, 525,
559-561, 560, 846
Hahm, Otto, 802
Half-cell, 744, 745, 750-751
Half-life (t,.)
of chemical reaction, 491-492
of pesticide decay, 492
of radioactive isotopes, 794,
T94-796, 797-199
Half-reaction, 741-744
in electrochemical cell, 744,
745746, 750-751, 7551,
756
Halide, organic, A28t
Halide jon, 61
Hall, Charles Martin, 832
Hull-Héroult process. 831-832,
832
Halogens, 31, 852-854. See alio
Bromine: Chlorine; Fluo-
rine; lodine
wlkali metal salts of, 838
properties of, 853
uses of, 853, 853t
Hard warer, 599, 602-603,
H4R-640
chelution treatment of, 881
Harms, Hauke, 4
hep. See Hexagonal closest
packing
HDPE. See High-density
polyethylens
Heat, 154-156
in changes of ste, 164-1635
at constamt pressure, 165-166,
176-177
at constant volume, 165, 175
internal energy change and,
157-158
Heat capacity, 158-162, 1591
heating curve and, 387-388
maolar, 160-162
Heat energy transfer (),
157-159
Heat engine, 165
Heut of formation. See Formation
enthnlpy

Heat of solution. See Solution
enthalpy

Heat of vaporization. See Vispor-
ization enthalpy

Heating, 154-156

Heating curve, 387-388

Heisenberg, Wemer, 204

balloen containing, 336,
330340
molecular orbital theory und,
M
Helium burning, 819
Hemoglobin, 286, 8§5-886
sickle cell ancmin and, 469,
469

Henderson-Hasselbalch equation,
657-659, 662-663
Henry's law, 576-578, 577
Henry's law constant, 577t
Hérouly, Paul, 831-832, 832
Hertz (Hz), 19)
Hess's law, 178-180, 181, 183
Heterogeneous camlyst, 519
Heterogeneous mixture, 16, /6,
16, 20
Helerogeneous reaction, 476
Hexadentite ligand, 850, 881
Hexagonal closest packing (hep),
402, 403
HFCs. See Hydrofluorocarbons
High-density polyethylene
(HDPE), 452, 4621,
462-463
High-spin complex, 889
Hoffman, Roald, 5
Hoffmann, Felix, 445
Holes
cubic, 400
octahedral, 400, 401
of semiconductor, 414, 415
Homogeneous catalyst. 5§12, 519
Homogeneous mixture, 17, 17, 20
Homogeneous reaction, 476
Hot packs, 574, 574
Houschold cleaners, 646,
648651, 64
Hund's rule, 215, 216, 218
moleculir orbitals and, 277
Hybrid cars, 768
Hybrid orbitals, 300
description of, 300
geometnies of, 303t
sp, 300, 301
sp, 301, 301
spt, 301, 301-303
Hybridization
of utomic orbitals, 302
expanded octets and, 303-304
Hydrite, fonic, 80-81, Rt
Hydrated metal fon, 643t
643-644, 881
copper-containing, 871, 872
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Hydration
of jons In solution, 573, 574,
75
water of, 80
Hydmtion enthalpy, 573t, 574
Hydraulic fracturing (fracking),
431432, 432
Hydride 10n, 672
Hydrocarban, 72. See also
Alkane: Alkene: Alkyne:
Petroleum
i nutomobile emisaions,
428429, 519
combustion of, 709
eyclic, 73,249
list of, 72t
multiple covalen bonds in,
254257
names of. A25-A 27
saturated, 248--249
single covalent honds in,
248-251
unsaturated, 254-257
Hydrochlonc acid, 853t
lontzation at nanoscale, 608
in stomsch, 646
titration with, 668-670, 674,
674
Hydrochloride salt, of drug,
640-641
Hydrofluoric scid, 608
Hydrofluorocarbons (HFCs). 360
Hydrogen, 33t
covalent bonding in molecule
of, 242-243,277-278
combustion of, 168, J69, 242
from electrolysis of water,
776171
us fuel, 185186, 771, 777
jons of, 58
isotopes of, 52, §2, 789
Hydrogen atom
Bohr model of, 197-203, 2021
electron density distribution,
205, 212-213, 213
energy levels, 199, 199, 202
line emission spectrum,
197-198
orbitals of, 205-207
Hydrogen bond, 315
in ilcohols, 438
botling pomt and, 316
in carboxylic acids, 441
in colloid. 598
/in complex ion, 871
in enzymatic catalysis, 515
melting and, 385t
in nylon, 439460, 460
in proteins, 469471
solubility and, 565, 567. 569
in water, 373, 374, 378,
391-393, 391392
Hydrogen-bond acceptor, 316

INDEX

Hydrogen-bond donor, 316
Hydrogen bonding, 3/7, 322,
302
Hydrogen buming, 819
Hydrogen carbonnte fon, 57-58,
62
from baking soda, 648
in buffers, 655
{formution of, 645
reaction with calcium ions,
550, 350
Hydrogen electrode, standard,
751-752, 151-754
pH measurement amd, 763
Hydtogen fuoride, 853t
Hydrogen ton, 106110, 607,
751, 766
Hydrogenation reactions, of futs,
447448
Hydrolysis, 448-449
of buse, 637-630
enzymutic, 514-515
Of esters, 445449
Hydronium ion (H,0°), 106, 607
from autoionization of water.
615617
from Lewis acid-buse reaction,
642
pH and, 617-620, 618
Hydrophilic, 319
Hydrophilic colloid, 598
Hydrophilic region, 565
of surfactant, 599, 649
Hydrophobie, 320
Hydrophobic colloid, 598
Hydrophobic interactions, in pro-
feins, 471
Hydrophobic region, 566
of surfactunt, 599, 649
Hydroxide fon (OH), 607
from auloionization of wiler,
615-a17
concentration of, 617
2s Lewis Mase, 6448 643-045
Hydroxides, 1011
Hydraxyapatite, 348
Hypertonic solution, 598, 325
Hypervalent molccules. See
Expanded octet
Hypothesis, 5
Hypotanic solution, 595, 593
Hz See Hertz

|
i. Seér van't Hoff factor
lee
denuity uf, 392-393
melting of, 23, 166-167, 388
snowflakes, 23, 498
structure of, 393
sublimation of, 386, 357, 395
lee skating. 395
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INDEX

ICE (reaction) table, 536
for scid-base equilibria, 631,
632, 634, 638, 630
for solubility equilibria,
633-685
Ideal gas, 330340
Avogadro’s law for, 333-334
'Boyle's law for, 330-331
Charlex's law for, 332-313
molar volume, 334
Ideal gy constant (R), 334,
334
Ideal gas Taw, 334-337. 336
IE. See lonization encrgy
Immiscible liquids, 366,
566-568
Indicator, 145
Indicators, acid-base, 145,
620621, 666-667. 668
Indium, 840, 8411
Indium-tin oxide, 419
Induced dipole, 312
Induced fit, 514, 5/4, 515
Inert gas, nitrogen as, 844
Inert pair effect, 842
Infrared spectroscopy, 296
Inhibitor, 317
[nitial rate, 483
Inner trunsition clements. See
also Actinides;
Lanthanides
electron configurations,
218-219, 219-220, 224
jonization energies, 231
Inorganic compound, 66
Instantaneous reaction rate, 481,
481
tnitial, 483
Insulstor, 411
Insulin, 724
Integrated rate aw. 487490,
489
Interference of wives, 404
Intermediate, 506. 507
Intermolecular forces, 312, See
alse Noncovalent
inteructions
gan chromuography and,
433

in liquids, 372-373, 372-373,
374, 377-378 2
melting and, 385;
noncovalent, 318
in real gases, 351-354
in solids, 381
solubility and, S65-560
Imemal encrgy (£), 155, 156
s state function, 167-168
Internal energy change, 156-158,
157
it changes of state, 164-165
al constunt pressure, |65-166
s constant-volume heat trans-
fer, 165

Internationsl Union of Pure and
Applied Chemistry
(TUPAC), 52

lodide-methyl bromide reaction,
496

lodine, 852, 853-854. See also
Halogens

production of, §34-836
sublimation of, 319
lon, 45. See also Complex idn;
Metal jons
electron configurations of,
221-225, 222
molarity of, 139 :
monatomic, 56, 56-37, 61
polyustomic, 57-58, 581, 61-62
spectator, 103

lon exchange, 603

fon pairs, 680

lon product (Q). 689-690

lonic bonding, 63, 63-64

clectronegativity and, 263,
263-264
fonic compound, 55, 55, 55-60.
See also Salt
squeans solubility of, 100-102
n agueous solution, 99-100
bonding in, 63-64, 63-66
crystul cleavage of, 65
crystil structures, 400-402,
401
electric current in, 65-66
Tormation of, 235-237
formulay of, 59-60
hydrated, 80-81, 81t
melting points of, 65. 237. 237
molar masses of, 80
names of, 60-63, 62t
properties of, 63-66. 67t
selective precipitabion of, 691
solubility rules for, 100, 101t
lonic hydrte, 80-87, 81t
moles of, §2

lonie radii, 229, 229231, 230

lonic solids. 381, 383t

dissalving of, in liquids,
572-574

entropies of, 702-703

fusion enthalpy, 3851

melting paints of, 385t

lonizution, 106-109, 231, 608

lonization constant. See Acid jon-
fzution constant (K, ); Base
lonization constant (K,)

Tomization constant for water
(K,), 615, 6151, 619-620

relation to K, and &, 635-636

lonization energy (IE). 231-234,
232, 234

lron, 863-867

carrosion of. 778-780

extraction from ore, 863-864,
B66-867

nuclear stability of, 793-794

ores of, 863-864
reaction with ucids, 863-864
Isoelectronic ions, 221
radii of, 231
Isomer, 74. See also cli-trans
isomerism; Constitutional
(structural) isomer
of coordination compounds and
complex ions, 883-885
optical, 297, 883, 885
Isoprene, 456-457
Isopropyl alcohol, 436t
Isotonic solution, 595, 595
Isotope, 51-55, 52, 55. See also
Radiouctive isotopes
stability of, 789-794, 790
IUPAC. See International Union
of Pure and Applied
Chemistry

J. See Joule

Joule (J), 151-152
Joule-Thomson cffect, §26
Julian, Percy Lavon, 442

K
K. See Kelvin
K™, See Standard equilibrium
constant
k. See Boltzmann constant; Rate
constant
K, See Acid ionization constant
K. See Base ionization constant
K.. See Equilibrium constant
Kekule, Friednch A, 269
Kelvin (K), 332, A.18
Kelvin temperature scale, 332
Keratin, 470
Kerosene fraction, 426, 427
Ketone, 439, A.28t, A 20
Keviar, 460-461
K. See Formation constant
Kidney stones, 690-691
Kilogram (kg), standard, A.18
Kilopascal (kPa), 327
Kinetic energy, 150, 750, 151,
153
evaporation and, 373, 377
of gas molecules, 330, 350
work and, 154
Kinetic-molecular theory, 23-25,
330

chemical reactions and.
492493

fundamentsl concepts of,
329-330

gas laws and, 331, 332, 334

of gases, 329-330

real guses und, 351-354, 353

thermal energy and, 154

Kinctic stability, 733-735

Kinctics, chemical, 476477, 508.
See also Rate constant;
Rate low; Reaction mech-
anism; Reaction rate

thermodynamics and, 735

King, Reatha Clark, /83

Korff, Serge, 799

kPa. See Kilopascal

Krebs, Hans, 725

Krypton, 855

K. See Solubility product
constant

K. See Tonization constant for
water

Kwolek, Stephanic Louise, 461

Kyoto Protocol. 365

L
L. See Liter
{. Se¢ Orbital quantum number
Lactic acid, 439-440, 443, 632
n baking, 648
chemical structure of, 297

Lanthanides, 34-35, 35
electron configurations, 276,
218-219, 224
minerals containing, 822, 822
Lattice energy, 235-237, 237t
solubility and, 573, 574
Lavoisier, Antoine, 26, 607
Law, scientific, 5
Law of combining volumes, 340
Law of conservation of electric
charge, 104
Law of conservation of energy
(first law of thermodynum-
Ics). 153, 157, 163165
Law of conservation of matter, 26
Law of constant composition, 26
Law of multiple proportions, 27
Law of partinl pressures, Dal-
ton's, 343, 343-344
LDPE. See Low-density
polyethylene
Le Chateller, Henn, 548
Le Chatelier's principle, S48-556,
575
commaon ion cffect and, 682
concentration and, 548-551,
549-550, 553
pressure or volume of gas and,
551, 551-552
temperature and. 553-556
volume of solvent and, 353
Lead, 842, 843
chelition of. 881
in dnnking water, 380
in gasoline, 427428, §38, 843
Leud-acid storage battery,
766767, 766-767

Unl-tmmmmuhn-omwu



Lead iodide, 688
Leud(1T) sulfate, 689
Length, units of, 9, A.18, ES-6
Lewis, Gilbert N, 219, 242, 243,
642
Lewis acid, 642-645
in complex ion formation, 644,
688, 876
neutral molecules as, 645
Lewis base, 642-645
in complex ion formation, 644,
685-686
Lewis dot symbaol, 220, 2201, 243
Lewis structure, 243, 243-248
formal charge and, 266-267
guidelines for writing, 245-248
with less than octet, 271
with more than octet. 272-274,
273
for multiple bonds, 246,
251-255
with odd number of electrons,
271272
resonance and, 267-271
Libby, Willard, 799, 801
Ligands, 8§76
colors of compounds and, 882
crystal ficld theory and,
B86-887
geometries associated with,
882-885
names und formulas of, 8781,
$78-879
spectrochemical series of. 888,
#91
types of, 880, 880-882
Laght
diffraction of, 196197
dual nuture of, 196-197
_photoelectric effect, 195-197
spectrum of, 192, 1921,
197-198
speed of, 191, A23
Lightning, nitrogen monoxide
and, 554, 696, 845
“Like dissolyes like,” 319, 565,
567-568
Lime-soda process, 6012
Limestone, See also Calcium
carbonate
reaction with acid, 681, 709
resction with agqueous carbon
dioxide, 550, 602
thermal decomposition of, 840
Limiting resctant, 127-132, 128
Linde process, 826
Line drawing, 249
Line emission spectrum, 197,
198, 199, 202t
Line structure, 249
Linear comples lons, 882
Linkage isomerism, 883
Lipid bilayer, 319
Liquefaction of air, 826, 826

Liquid, 6, 23, 371-373
concentration of, 526, 330
entropy of, 701, 7011,

702-703, 703, T
jomic solids dissolved in,
372-574
volatility of, 377

Lithium, 836, K371, 837-838, 840

Lithium-ion batieries, 768-770

Litmus, 105

Logarithms, A.10-A.12

London forces (dispersion

forces), 312, 372
gas chromatography and, 433
melting and, 385, 385t
solubility and, 565-566, 568,
569

Lone pair electrons, 244
boad formed by, 271
of ligands, 876-877

Lone pairs, central atoms with,

290-293

Low-density polyethylene

(LDPE), 452, 462t

Low-spin complex, 889

Lowry, T. M., 607

Lysoryme, 514-515. 515

M
m. See Meter
m. See Mass; m. See Molulity
M (mol/L.). See Molunty
Macromolecule, 450
Macroscale, 21, 22, 28
Magnesium, 839, 830-840,
B4l
commercial production of,
R30-831
Magnesium hydroxide, 109
Magnetic moment, 860, 56/
Magnetic quisntum number (m,),
207-208
Magnenc resonunce unaging
(MRI), 441
Magnetic substance. See Diunag-
netic substance; Ferro-
magnetic suhstance.
Purnmagnetic substance
Muin-group elements, 33,
B36-855
atomic radif, 226, 226-227
electron configurations, 214z,
2142216
Major minerals, 37
Maltose, 464
Marble, reaction with scid,
681
Murgaric acid, 444
Mass fraction, 578-579
Mazss (m), 49. See also Molar
mass
womic, S0-55
conservation of, 26

Unlest otterwise semeil, sl content oo thes page » © Cengagn Lesmung.

equivalence to enerpy, 792
kinetic energy and, 329, 349
molecular speed and, 349,
350-351
of subatomic particles, 50,
' A23
units of, 9, A.18, ES-6
Mass number (4). 50-51
Mass percent
of solute in solution, 578, S83
Muss spectrometer. 51, 52, 53
Mass spectrum, 53
Mauterials science, 407
Matter. 2. See aixo Substance
¢lassification of, 16-19
conservation of, 26
dispersal of, 698-699
states of, 6, 23-25
types of, 20
Meosurement, 9. See alvo Units
accuracy of, A6
precision of, A.5-A.6, A9
Mechanical energy, 150
Mechanism. See Reaction
mechanism
Medical imaging, 814-816, 816
Meitner, Lise, 802
Meimerium, 33t
Melting, 166-167, 384-386, 385,
See also Freezing
Melting point (MP), 7, 384-386,
385t
of fats, 447
of jonic compounds, 63, 237,
237
of metuls, 408. 4081
Melting point curve, 395
Membrane, cell. See Cell
membmnes
Membrane, semipermeable, 592,
393, 596
Mendeleey, Dmitri. 31, 50, 190,
423424 842
Mendelevium, 33t
Meniscus, 391, 392
Mercury, 12, 331, 392
meta- substituents, 274, A27
Metabolism, 184187, 724
Gibbs free energy and,
724-728, 726
of glucose, 724, 726
Metal, 29, 29, 407-413. See also
Alkali metals; Alkaline-
carth metals; Transition
clements
activity series of, 120¢,
120-121
combustion of powder, 476,
477
corrosion of, 778-780
crystal structure, 397, 398, 402
Gibbs free energy stored in,
31
known reserves of. 825, 825

.11

molur heat capacity of, 161
properties of, 407408
reaction with nonmetal, 55
temperature and conductivity
of, 410411, 411
Metal hydroxides, amphoteric,
644, 644, 6441, 688, 638
Metal 1008, See alvo Cation;
Complex lon
as Lewis acids, 6431, 643-645,
685
Metallic bonding, 409
Metallic solid. 381, 383t
Metalloid. 30
Meter (m), A.18
Methane. See also Natural gas
bonding in, 248 y.
combustion of, 267, 475
canversion to liguid fuel,
520-521
as fuel, 186
as greenhouse pas, 361
tetrshedral shape of, 295
Methanol, 435437, 436t
catalytic production of,
520-521
entropy and synthesis of,
706707
metabolism of, 518
solubility in water, 366
Methyl bromide, 8531
Methyl red, 667-668. 669-670,
671, 674
Methyl tert-butyl ether (MTBE),
416437
Methylpropane, 74t
Metric system, 9, A.18-A.19
Mica, 824
Micelles, 599
Microscale, 21, 22
Milk of magnesia, 6461
Millikan, Robert, 44, 45
Millimeters of mercury (mmHg),
328
Millirem (mrem), 810
Mineral, in Earth's crust, 821,
822
Miscible liquids, 566, S66L,
566-568
Mixtures, 16-19, 19, 20
colloids. 596-598, 5971
of guses, 329, 343, 343-348
separating, /7
my. See Magnetic quantum
number

INDEX

mmHg. See Millimeters of

mereury
MO. See Molecular orbital
Model, §

molecular, 5, 285-286
mol, See Mole
Molal boiling point, 590t
Molal boiling point elevation con-

stant. 588§
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Molality (m), S83-385, 544
Molar crystllization enthalpy,
385
Molur heat capacity, 160-162
Molur muss, 77-83
density of gas and, 337-340
diffusion and, 350-351
ctiusion and, 350-351
of elements, 77
from freezing point lowering,
591
of hydrated compounds, B0-81
of ionic compounds, 80
of moleculsr compounds,
79-80

INDEX

molecular formuls from, 85-88
molecular speed and, 349
fram osmotic pressure.
594-305
of products, 124-127
of reactants, 124-127
Molar vaporization enthalpy
(A, H), 374, 375t
Molar volume of gas, 334, 372,
A3
Molarity (c), 136-142, 137,
580-583, 584
in medicine, 143-144
preparing solution of known
molarity from a pure sol-
ute, 139-140
temperature dependence of,
588
Mole (maol), 76, 77, A.18
of ionic hydrates, 80-81
Mole fruction (X), 344
partial pressure and, 344
vapor pressure of solvent and,
586-587
Male of reaction, 169
Mole ratip, 123124
Molccular compounds, 66-70, 67
binary, 70, 70-71. 711
definition of, 67
molar muss of, 79-80
organic, 71-76
prefixes, 70t
properties of, 67, 67t
Molecular formuln, 67, 67-68
Molecular geometry, 287,
280200
Molecular model, 5, 285-286
Molecular orbital (MO), 276.
276-281, 277, 278
for distomic molecules, 277,
277281, 278, 210
for polyatomic molecules, 281
Moleculur orbital theary,
276-281
Molecular polarity, 307-311
Molecular solids, 381, 383t
Molecular structure
and acid strength, 626-630
and entropy, 702

Moleculur weight, 79
Molecule, 25
size of, 21-22 27-28
Molina, Mario, 357, 357, 476
Momentum, 203, 204
Monastomic ion, 56, 56-57
names of, 61
Monodentate ligands, 880, 850
Manomer, 450 y
Monoprotic acids, 625
Monosaccharide, 463454
Monounsaturuted fatty acid, 446
MP. See Melting point
mrem. See Millirem |
MRI. See Mignetic resonance -
imaging
m,. See Spin quantum number
MTBE. See Methy! tert-buty)
ether
Milller, Alex, 412
Multiple covalent bonds, 246,
251-255
bond enthalpics of, 2601, 261
bond lengthy of, 257-258, 258:
In hydrocarbons, 254-257
Multiple proportions, lsw of, 27
Multiplication
with logarithms, A_12
significant figures in. A.7
Mylar, 457

N
N. See Newton
in. See Neutron
N. See Number of neutrons
n. See Amount of substance:
Degree of polymenization;
Principal quantum
number
n-type semicanductor, 414, 275
Ny See Avogadro constant
Names of compounds
coordination compounds, 8781,
878-879
with functional groups,
A27-A29, A28
hydrocarbons, A.25-A.27
jonic, 6063, 621
Names of elements, 27-29, 33
Names of ions, 60-63
complex, 878, 878-879
polyatomic, 58t, 61-62
Numnoscale, 21-23, 22, 24, 25,
556
Nunotube, carbon, 406, 407
Naphthalene, 274
melting of, 384
Natural gas, 422, 430434, 434,
See also Methane
combustion of, /5
raw materials und products
made from, 426¢
sulfur extraction from. 827

Negative jons, 61
Nemnst equation, 762~765
Net jonic equation
for scid-base reactions,
111113
description of, 103-105
Network solid, 381, 3183,
403407
msolubility of, 568
Neutral solution, 615
pH of. 617
of salts, 636-637, 6371, 6411,
642
Neutralization reaction, 636-637,
See also Acid-base
reaction
scid-buse, 109
of untacids, 646
halancing, 110
of carboxylic acids, 443
Neutrino, §15
Neutron, 47-50, 49
discovery of, 80)
mass of, 50, A.23
stable isotopes and, 789-791,
790
Newton (N), 327
Niacin (nicotinic acid), 568-569
NiCad. See Nickel-cudmium
battery
Nickel
i coins, 871
complex jons contuining, §76,
B&1, 89/
Nickel-cadmium (NiCad) battery,
767

Nickel-metal hydride (NiMH)
battery, 768
Nitinol, 413, 473
Nitric acid
description of, 116
ionization of, 607
reaction with copper, 877
synthesis of, 846-847
Nitric oxide. See Nitrogen
manoxide
Nitrogen
in stmosphere, 259, 354y,
354-355. 825
clemental, 96
Lewis structure for, 252
from liquefaction of air, 826,
826
liquid, 844
propertics of, 844
uses of, 844547
Nitrogen cycle, 844, 845
Nitrogen dioxide
m acid ruin formation, 675, 676
air pollution and, 272, 368
characteristics of, 681
as free radical, 272
from nitric acid reacrion with

copper, 87/

nitrogen monoxide and, 272,
R4S
from nitrogen monoxide and
oxygen, 272
Nitrogen fixation, 554, 559,
B44-845, s45
Nitrogen monoxide
air pollution and, 368, 554
in sutomobile exhaust,
T34-735
catalytic conversion of, 520
s free radical, 272
nitrogen dioxide and, 272. 845
plant growth and, 554
Nitrogen narcosis, 345
Nitrogen oxides (NO,), 368, See
also Nitrogen dioxide;
Nitrogen monoxide
in atmosphere. 368
automobife emissions and, 428,
520, 734735
energy for formation of, 696
NMR. See Nuclear magnetic
resonance
Noble gas(es), 31, 854-855
in atmosphere, 355
Noble gas configuration, 242, 243
Noble gas notation, 216
Noncovalent interactions,
311-312. Ser alyo
Dipole~dipole attraction;
Hydrogen bond: Intermo-
lecular forces; London
forces
m enzymatic catalysis, 513, 516
protein structure and, 470
Noncovalent intermolecular
forces, 318-320
Nonmeral, 29, 30
resction with metal, 55
Nonoxide ceramics, 417118

~Nonpolar covalent bond, 262,

263
Nonpolur molecule, 307
fusion enthalpy of, 385, 385
gas chromutography of, 433
Londaon forces amaong,
365-566
melting points and, 385, 385¢
solobility and, 565-566,
567-568
Normul boiling point, 378, 380
NO,. See Nitrogen oxides
n-type semiconductor, 414
Nuclear burning, 819-820
Nuclear charge, effective, 229
Nuclear equation, 786
Nuclear fission, 802, 802-808
Nuclear fusion, 794, 808-809
in stars, 819-820
Nuclear magnetic resonance
(NMR), 44|
Nuclear medicine, 814-816, 8151,
816
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Nuclear power plant accidents,
805-806
Nuclear reaction, 785-789, 789
stable isotopes and, 791-792
Nuelear reactor, 804, 804-808
electricity generated by,
804805
Nuclear stability, 789--794, 700
binding energy and, 793-794
Nuclear waste, 806-807, 807
Nucleons, 786
Nucleotides, 320, 320-32|
Nucleus, 4547
size of, 47
Number of neutrons (N). 790
Nutrients, 724-726, 726. See also
Food energy
Nutrition Facts, 186
Nutrition label, /86
Nylan-66, 460 *
Nylans, 459-461

o}
Octahedral holes. 400, 40/
Octahedral structures
of complex lons, 883, 884,
BR6-887. 838
Octabedron, 293
Octane, 681
Octane enhancers, 427428, 435
Octane number, 4251, 425428
Octet rule, 244-246
exceptions 1o, 271-274, 273t
OH" . See Hydroxide 1on
Oil. See Petroleum
Oils, 445448 446
biodiesel made from, 449
Optical isomerism, 297, 883, 885
Orbital, atomic, 205-213, 206,
211214
d, 303
£ 218
p. 206
5 206
hybridization of, 302
arder of filling. 214-215, 217
ordering of energics, 2/0, 214
shapes of, 208, 212-213, ES-7
Orbital, molecular. See Molecular
orbital
Orbital quantum aumber (£), 206
Orbits, in Bolr model. 199, 205
Order of reaction, 486-492, 489
Ore, 824-825
extruction methods for,
824-825, 825
Organic acid. Sew Amins acad:
Carboxylic acid
Organic chemicals, 438235
Organic chemistry, 35
Organic compound, 66, s34 235
See also Functional
group; Hydrocarbos

Organic molecular compounds,
71-16
Orpiment, 3
ortho- substituents, 274, A.27
Osmaosis, 592-506, 595
reverse, 596, 596
Osmotic pressure (T1), 592596,
593
Ostwald, Wilhelm, 846
Qgtwald process, 846847
Overall reaction order, 486
Overvoltuge, 773
Oxalates, 101t
Oxidation number, 117, 730
opplying, 119-120
descniption of, 117-123
of transition elements, 8462
Oxidation-reduction (redox) reac-
tion, 113-123, 114,
738741, 740-74], 835,
A30-A34 See also
Electrochemical cell
halancing equations for,
742-743, A30-A34
description of, 92
equilibrium canstant for,
761-762
extraction of elements by, 824,
8251, 827-836
half-reactions and, 741-744
recognizing, 114120, 739
Oxidation state. See Oxidation
number
Oxidative phosphorylation, 726
Oxide cernmics, 417
Oxide minerals, 822, 822
Oxidizing agent, 114-117. 1161
739-740
dichromate fon as, 875
Oxoocids, 627-628
Oxoanion, 61-62

in atmosphere, 354, 354t

description of, 35

dissolved in water, 575-576

from lquefaction of air, 826,
826

liquid, 849-850

molecular orbitals for,
278-279

paramagnetism of, 272, 276,
280

Ozone, 267, 356

sutomobile emissions and,
428

depletion of, 356

as greenhouse gas, 361

molecular orbitals for. 281

pitric oxide and, 272

resonance structures, 267-268,
356

sn sirstosphere, 356-359,
356-360, 476, 497498
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in troposphere, 368
water purification by. 600
601-602
Ozone hole, 358, 358-360

P
|p. See Proton
P. See Pressure
p-block elements, 216, 220, 220
p orbital, 207-208, 208, 210-211
shapes of, 213, 214
p-type semiconductor, 414, 473
Pa. See Pascal
Palladium, as catalyst, 519
para- substituents, 274, A.27
Paramagnetic substance,
223-224. 860
complex 1ons, 858
nitric oxide, 272
nitrogen dioxide. 272
oxygen, 272, 276, 280
Paramagoetism, 223
Partinl charge, 264
Partial pressure, 343, 343-348
Dalton's law of, 343348,
iy
equilibrium constant in terms
of, 534-535
Pants per billion (ppb), 366,
S79-580
Parts per million (ppm), 366,
579580
molarity and, 582
Parts per trillion (ppt), S7T9-580
Pascal (Pa), 327, 327
Pasteur. Louis, A.1
Path independence, 167-168
Pauli, Wolfgang, 210
Paull exclusion principle. 210,
216
molécular orbitals and, 276
Pauling, Linus, 262-263, 263
pe. See Primitive cubic (pe) unit
cell
P__See Critical pressure
Pebble bed reactor, 808
Pentane, 7/
Peptide bond, 467, 470
Percent abundance, 53-55
Percent composition, 83
Percent yield, 132-134
Periodic wble, 31-37, 32, ES-2
atomic radii and, 225-229
atomic weights in, 54-55
hiological, 36-37. 36t
clectron affinity and, 234¢,
234-235
electron configurations and.
214218
electronegativity and, 264
features of, 33
groups in, 33, 219, 836-855
jonic radii and, 229-23, 23}

1.13

INDEX

jontzation energies and,
231-234 2341
organizanon of, 34
periods, 33
representative elements, 33, 35
trmsition elements, 34-35
Peroxide ion, 837
Peroxides, organic, 450
Pesticide decay, 492
PET. See Poly(ethylenc tereph-
thalute): Positron emission
tomography
Petroleum, 422, 423-430
raw materials and products
made from, 426, 426t
refining of, 423
sulfur extraction from, 827
Petroleum fraction, 425
Petroleum fractions, 423-425
See ulso Crude oil;
Gusoline
pH, 617-621, 618. See also Buf-
o lersolutions
of acid rain. 675-676
of aqueous solutions, 6/4
calculutions with K, and,
631633
calculutions with K, und,
634-635
common lon effect and,
684685
of hopsehold substances, 646,
650-651
measurement of, 620-621,
763-765
of salt solutions, 637-639,
639-641, 642
solubility of salts and, 681,
682
pH meter, 620, 763, 764
10 detect equivalence poant,
666
Phase change. 163. See also
Meilting: Sublimation;
Vaporization
energy conservation in.
163165
enthalpy change in, 166-168
heating curve and, 3§7-388
Phase dingram, 3J88-390,
394-395
of carbon dioxide, 389,
389-390
of water, 394, 394-39%
Phenolphthalein, 667, 668
669670, 671, 671, 674,
674 i
Phosphate rock, 833, 834
Phosphate salis, 681
Phosphates, 101t
Phospholipids, 319
Phosphorescence. 784
Phosphonc acid, 320
ionization equilibia of, 627



.14

Phasphorus, $45-849
allotropes of, 848
expanded octet with, 272
production of, $33-834
Phosphorus pentachlonde,
848-849
Photodissociation, 356, 360
Photoelectric effect, 195,
195197, 106
Photons, 195-196, 200
Photosynthesis, 728, 728-730,
799, RS0
Phototrophs, 729
Photovoltaic cell, 4135
Physical change, 6, 6
Physical constants, A 23, ES-7
Physical property, 6, 6-9
Physical quantity, 9 y
Pi bond (s bond), 304, 306
Pipendine, 614, 633-635
pK,. 635, 657-666
pK,. 635, 657-666
pk,. 620
Planar network solld, 405
Planck, Max, 193, 197
Planck’s constant (4, 193. 203,
A23
Plasma, 809
Plaster of Pans, 8]
Plustic container codes, 462t
Plastics, 450. See also Polymer
recycling of, 4621, 462463
Plutinum, as catalyst, 519-520,
520
Platinum group metals, 227-228
catalytic uses of, 519-520, 520
Plutonium, 795, 795, 807, 800
p-n junction, 414415, 415

INDEX

pOH, 619-620
Polar covalent bond, 263
binary acid strength and, 627
electronegativity and, 262-264,
263
Polar molecule, 307
fusion enthalpy and, 385, 385t
gas chromatography of, 433
melting points and, 385, 385¢
solubility and, 5661, S66-568.
568
Polarity
description of, 262
molecular, 307-311
Polarization, 312

Pollution. See Air pollutant
Polonium, 33¢, 811-812
Polyacrylonitrile, 453
Polyamides, 459461
proteins as, 467
Polyatomic jons, $7-58, S8t
balancing, 98
in ionic compound, 99
names of, S8, 61-62
Polydentate ligand, 880, 880
Palyester, 457-458

Polyethylene, 450452, 452, 453
recycling of, 4621, 462-463
Paly(ethylene tercphihalate)
(PET), 457-458, 462,
462t
Polymer, 449463
addition polyniers, 450457,
453t
biopolymery, 463471 fn
also Polysaccharide;
Protein
condensation polymers, 450
dicarbaxylic acids in synthesis
of, 444 )
properties of, 407
Polymerizition, degree of (n),
451
Poly(methylmethacrylute), 453t
Polypeptide, 467
Polypropylenc, 4531, 462
Polyprotic acids, 6251 625-626
titration of, 675
Polysaccharide, 463-465,
464-4635
enzymatic hydrolysis of,
514-515
Polystyrene, 453, 4531, 453454,
462
Polyteteafluoroethylene (teflon),
4531. 455
Polyunsaturated fary acid, 446
Poly(viny| acetate), 4531
Paly(vinyl chloride) (PVC), 452,
4531, 4621
Positive jons, 61
Positron. 788, 791
Positron emission tomography
(PET), 815-816
Potussium, 836, 837, 837t
rdioactive isotopes of, 810.
811
Potussium dichromate, 58
Powssium fluoride, 235-236
Potassium jodide, 853t
Potassium superoxide, 341
Potential energy, 151, 153
electrical, 749
work and, |54
Pound per square inch (psi), 328
Power, 152
Powers of 4 number
with logarithms. A, 12
in scientific notation, A.10
ppb, See Parts per billion
ppm. See Parts per million
PPt See Pants per trillion
Precipitate, 102
Precipitation reaction, 102
defimition of, 102
description of, 92
clectrolytes, 100
entropy change in, 704-705
ionic compounds in aqueous
solution, 99103

Kidney stones and, 690-691
predicting, 688-690, 689
selective, 69
Precision, A.5-A.6,A.9
Pressure (P), 327, 327-329, See
also Atmospheric pres-
sure; Vapor pressure
Boyle's law and, 330-331, 334
critical (£,), 380-381
equilibrium constant in terms
of, 534-535
kinetic-molecular theory and,
330
osmotic, 592-596, 393
purtiyl, 343348
shift in equilibrium and, 557,
551-552
solubility of gases and,
576-578
standard, 169
units of, 3271, 327-328, ES-6
Primary battery, 765
Primary siructure (protein), 469
Primitive cubic (pe) unit cell,
397, 397, 398, 403
Principal energy level, 206
Principal quantum number (n),
199, 199, 206, 211
Probability
of energy dispersal, 697-698
entropy and, 70|
wave function and, 205
Problem-solving strategies, 13,
Al-A2
Product, 14
molar mass of, 124127
Product-favored reaction, 525, 539,
541, 554, 559. 695, 696
carrosion as, 778
electrochemical, 750, 756, 760
energy dispersal in, 697-699,
T06-707
entropy change in, 706-710,
709, 709, 700
Gibbs free energy and,
T10-714, 717, 721-723
reactant-fuvored reaction and,
722-723
thermodynamic stability and,
733

Propane, 150
Propanoic acid, 109
Propartionality factor, 12, 77, A4
Propyl alcohol, 436¢
Propylene, produgts made from,
426t
Protein, 463, See also Enzyme
denaturation of, 517
description of, 185
functions of, 471
hemoglobin, 469, 471,
485886
in hydrophilic colloids, 598

msulin, 724

noncovalent inteructions of,
470

structures of, 469, 469471
Proton, 45, 49

mass of, 50, A 23
psi. See Pound per square inch
p-type semiconductor, 414
Purification, 17-18. /8
PVC. See Poly(vinyl chloride)
Pyrolysis, 434
Pyrometallurgy, 863, 864
Pyroxene, 823, §23
Pyruvic acid, 297, 439440

Q
Q. See lon product; Reaction
quotient
q. See Heat energy transfer
Quadratic equations, A.12-A.13
Qualitative data, §
Quantitative data, 5, A3
Quantity, physical, A.3, A.20
Quantum, 193
Quantum nurmber (n, €, my, m,),
206-211
clectron spin (m,), 209
magnetic (m,), 207-208
orbital (£), 206
principal (n). 199, /99, 206,
21
Quantum theory, 194
Bohr model and, 197
Quartz, /8. 23, 568, 568, 822,
822

R
R. See Roentgen
R. See Gas constant; Tdeal gas
constant
Rad, 810
Radial distribution plot, 212
Radiution. See also Electromag-
netic radiation
bological effects of, 809-810,
812
sources of exposure, 810-417/,
812
types of, 785
units of, 810
Rudiation therapy, 816
Radioactive decay, 785-789, 787,
788

rute of, 796-799
Radioactive isotopes, 790

half-lives of, 7941, 794-796,
797-7199 '

in medicine, 814-816, 8151,
816

nuclear stability and, 789-704,
7%

as tracers, 814, §14¢
Radioactive series, 787-788

Unless utherwise meed, -la-u-l-pphoawcl.-a‘-‘



Radicactivity, 43, 4344,
783-785
applications of, 813-816
Rudium, 439
Radius, See Atomic radiuy; lonic
radii
Radon, 810-813, 854-855
Raoult’s lsw, 586-587
Rate, 476, See also Reaction mte
of radioactive decay, 796-799
Rate constant (k), 483
determination of, 484, 459-490
temperture dependence of,
498, 499-502, 501
units of, 485, 489
Rate law, 482483
caleulating concentration from,
490491
determining from initial rates,
481486
for elementary reactions,
502-504
integrated, 487490, 489t, 490
mechanism and, 508-509
reaction order and, 486492
Rate-limiting step, S06
Reactant, 14
excess, 131
limiting, 127-132, 128
molar mass of, 124-127
Reactant-favored reaction, 525,
539-540, 541, 696
electrochemical, 750
entropy change and, 709-710
Gibbs free energy and, 713,
717, 720, 721-723
product-favored reaction and,
722-723
Reaction. See Chemical reaction:
Nuclear reaction
Reaction enthalpies, 168-172, 174
Reaction intermediate, 506, 507
Reaction mechanism, S04-509,
507. See also Elementiry
resction
catalyst and, 510-513
Reaction quotient (), 542-544,
543, See also Le Chate-
liets principle
Gibbs free encrgy change and,
720

Reaction rate, 476-482. See also

Catalyst

average, 478, 4781, 480

concentration and, 482486,
502

factors affecting, 476

generalizations about, 559

initial, 483

instantancous, 481, 457, 483

stoichiometry and, 479480

temperature and, 483,
495-496, 4981, 498-499,
498-504, 501

Reaction (ICE) tuble, 535-538
for acid-base equilibria, 631,
632, 634, 638, 639
for solubility equilibria, 683,
684, 685
Real gases, 357, 351-354
Reasonable answer check. A2
Recycling
of plastics, 4621, 462463
of stecl, 867
Red phosphorus, 848
Redox. See Oxidation-reduction
(redox) reaction
Reducing agent, 114, 739-740
Reducing agents, 114-117
Reduction potential. See Stan-
dard half-cell potentinl
(Eor E%
Refruction, 196
Refrigerants, 380
Rem, 810
Replication, of DNA, 322-324,
323 323
Representative clementy, 33, 35
Resonance hybrid, 268
Resonance structures, 267-271.
268
Reverse osmosis, 596, 596
Reversible process, 699
Rhodium, as catalyst, 519, 520
Ribanucleic acid (RNA), 513
RNA. See Ribonucleio scid
Roentgen (R), 810
Roman namerals, for naming
metal ions, 61
Roots of a number, A.10, A.12
Rounding numbers, 10-12,
AT-A8
Rowland, F. Sherwood, 357, 357,
476
Rubber, 455-457, 456
vuleanization of. 456, 456, 851
Rubidium, 836, 8371
Rust, 779, 863
Rutherford, Emest, 4547, 46.
197, 785, 801
Rydberg constant, 200, A23

S

S. Ser Entropy

§°. See Stundard molar entropy

5. See Second

s-block elements, 276, 220

s arbital, 207-208, 208, 211
shapes of, 212, 214

Sacrificial anode, 780

Saha KC. 3

Saline solution, 378. See also

Brine
Salt, 55, 109. See also lonic

compound
acidic solutions of, 639-641,
6411, 642

Unilost oherwise aoted, all conten nn B puge w © Congage Lesming

basic solutions of, 637-639,
6411, 642
neutral solutions of, 636637,
637-639, 6411, 642
Salr bridge, 745, 746, 748
corrosion and, 780
Suponification, 448, 598
Saturnted fats, 446, 446447

Suturated hydrocarbons, 248-249,

See also Alkane
Soturated solution, 569, 570, 578
ion product and, 689
of slightly soluble compound.
677, 678
SBR. See Styrene-butadiehe
rubber
Scanning tunneling microscope
(STM), 48
Schridinger, Erwin, 205, 206
Science, 5-6
Scientific notation, A.9-A 10
Screening effect, 229
Scuba diving, 345, 577-578
Seaborg, Glenn, 502
Seaborgium, 33t
Seawater
congulution of silt by, 598
desalination of, 596, 594
halogen extruction from, 835
jons present in, 596t
magnesium extraction from,
830-831
vapor pressure of, 385-586,
586
Secand (5), 9. A 18
Second law of thermodynamics,
706
Second-order reaction, 487, 488
bimolecular, 504
Second-period elements, 278
Secondary battery, 766, 766767,
T66-776, 767 .
Secondary structure (protein), 469
Seesaw-shaped molecular struc-
ture, 292, 292
Selective precipitation, 691
Semiconductor, 410
energy bands of, 410
n-type, 414, 415
p-type, 414, 415
silicon ns. 414, 414-416, 415
Semiconservariye process, 323
Semipermeable membrane, 592,
591, 596
Shechtman, Daniel, 397
Shell, 206, 2111
Shifting an equilibrium, 548
SI buse units, 9, 9L A 18, A 181
SI prefix, 10, 10L A.18, A.19t
Sl units, 9, 9-10, A 18-A20,
A9
Sickle cell anemia, 469, 469
Side chain, 465
Sievert (Sv), 810

1115

Sigma bond (o bond), 302, 306
Significant digits, 10-12, AS-A %
Significant ligures, 10-12.
AS-AR
for logarithms, A 11
Silica, 822
in glass, 418
Silicate ceramics, 417
Silicates, 403, 822-824
quanz, 78, 23, 568, 568, 822,
8§22
Silicon, 35, 414, 842 843
abundance of, 821
high-punty, /8, 414
as semiconductor, 474,
A14-416, 415
Silicon carbide, /31
Silver, 872-873
Silver bromide. 685-686
Silver chloride, /M4, 682
Single covalent bond, 243,
243-248. See also Cova-
lent bond
in hydrocarbons, 248-251
Slope of line, A_15
instantareous reaction rute and,
481
Smith, Robert Angus, 675
Smog
industrial, 367
sulfur dioxide and, 367
Snowfluke, 23, 393
Soups, 448, 449, 598-599, 599,
649, 650
in hard water, 599, 602
Soddy, Fredenck, 785
Sodium, 331, 836, 837, 837-838
commercial production of, 827
reaction with water, /5, 838
Sodium chloride, 63, 143, See
also Brine: Seawiter
crystal lamice of, 64, 400402,
0]
decomposition of, 695, 696,
771, T-T72
electrolysis of, 771, T71-772
827, 828
formation from elements, 56,
235
medical solutions of, S78-579
properties of, 63
solubility in water, 572-573,
573
vapor pressure lowering by,
S87-588
Sodium hydrogen carbonate, 646¢
Soditm hydroxide
commercial production of,
£29-830)
electrolysis of, 827
reaction with hydrochlonc
acid, 92
titration with, 668, 669-674.
671, 673

INDEX
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Sodium lauryl sulfute, 599
Sodium propanoate, 110
Sodium stearnte, $99
Sol, 597
Solar cell, 415-416
Solid, 23-25
amorphous, 382, 383t
416419
concentration of, 526, S30
crystalline. 382, 396403
depavition on, 386
entrapy of, 701, 7011,
T01-702, 702-703, 704
msoluble, 368, 36§
lonic, 381, 3831, 385t, 702-703
molecolar, 381, 383t
network, 381, 383t, 403407,
568, 508
sublimation of, 386. 287, 395
Types of, 381-383, 383
X-ray erystallography of, 404
Solomon, Susan, 359
Solubility, 569
common on cffoct und,
682-685 482
complex ion formation and.
685-687, 656
enthalpy and entropy in,
S71-575. 572
factors affecting, 680-688, 681
of guses, S75-578, 576
pH effects on, 681, 652
solubility product constant and,
678680
temperature and. 575-576
Solubility equilibna, 677-680
Solubility product constant ( Ko
677-680, 679
precipitation and, 658690,
689
table of values, A.37-A 38
wnitng of, 678
Solubility product constant
expression, 677-678
Solubility rules. 100, 1011t
Solute, 137, 364, 565
internctions with solvent,
565-569
Solution, 17, 17, 19, 564-3563,
See also Aqueous solu-
tion; Colligative proper-
ties; Concentration;
Dilite solution; Saturated
solution; Solubility
chemical reactions in, 524-525
colloid versus, 597
entropy and. 571-572, 575,
703
formation of, 571-372, 572
703
mtravenous, 595
preparation of, by dilution,
140-141
shifting equilibrinm in, 553

INDEX

suspension versus, 397
1ypes of, 564-565, 565
Solution enthalpy, 572, 573, 574
Solvation, 574
Solvent, 137, 564-565
equilibrinm constant and, 330
interactions with solute,
565-569 ’
shift in equilibrium and /553
SONO filter, 4
Ap hybrid orbitals, 300
sp* hybrid orbicals, 301, 30/
ap* hybrid orbitals, 304, 301-303
Space-filling model, 285
Specificiheat capacity (c), 1591,
159-160, 393
heating curve and, 387-388
Spectutor ions, 103
Spectrochemicul series, 884, 891
Spectroscopy
femtosecond, 50/
infrured, 296
nmr, 441
ultraviolet-visible, 310
Spectrum
continuous, 198
electromagnetic, 192, 192,
192t
of heated object, 193-704
line emission, 197, 199, 202t
Speed, See Rate
Spheres, closest packing of,
402-403
Spin
electran, 209
nuclear, 441
Spin quantum number (m,), 209
Spontaneous reaction, 695, See
also Product-favored
reaction
Squure planur structures
of complex ions und coordina-
tion compounds,
‘ 883-885, 584, 88S, &%
of molecules and pelyatomic
ions, 292, 292, 292t, 294
Stubility
nuclear, 789-794, 700,
793-794
namic and kinetic,
733, 733-735
Staluctites and stalagmites,
549-550, 681
Standard atmosphere (stm), 328
Standard electrode potentials.
See Standard half-cell
potential
Standard enthalpy change (A #*)
from bond enthalpics,
259-262, 261
Hess's law and, 178-180, 181,
183
Standand entropy change (4,5%),
705

Standard equilibrium constan
(™), T17-719, 761
Swundard formation enthaipy, 180,
182¢, 180184, 700,
AA2-A 48
Standard Gibbs free energy
change (4,G7), 711
at biochemical pH, 724, 727
electrical work and, 760
equilibrium constant and,
717-719, 761-762
standard half-cell potential and,
759-762
Standurd half-cell potential (£Y),
750-76S, 754, 7551,
A3%-Adl
electrolysis and, 772-774
Standard hydrogen electrode,
731-752, 151-754
pH measurement und, 763
Standard molar enthalpy of for-
mation. See Standard for-
mation enthalpy
Standard molar entropy ($°), 701,
701t 705, A42-A 48t
Stundard molar Gibbs free energy
of formation (A,G¥), 711,
AA2-A 4l
Standard molar volume, 334,
A3
Standard potential, 750
Standard reaction enthalpy, 168
Standard reduction potential,
See Standurd half-cell
potential
Standard solution, 144
Standard state. 180, 181
Standard-state conditions, 750
Standard temperature and pres-
sure (STP), 334
Starches, 463464, 464
State function, 167168
States of matter, 6, 23-25
Steel, 864-868, R65t, 867
Stereoisomerism, 883, See alio
© cis-trans isomerism;
Geometric isomerism;
Optical isomerism
Steric factor, 497, 497, 500,
02
Steroids, 442-443
STM. See Scanning tunneling
microscope
Stock system, 61
Stoichiometric coefficients, 95,
96

Stoichiometnc factor, 123
Stoichiometry, 95
in aqueous solutions,
142-144
chemical, 123
of gases, 342-343
reacton rutes and, 479480
solution reaction, 142-143

STP. See Standard remperature
and pressure
Straight chain, 72
Stussmann, Fritz, 802
Strutosphere, 355, 368
Strataspheric ozone layer,
356-359, 356-360, 476,
497498
Swrong acid, 107, 607, 608
onization constants, 621,
6H24-625
types of, 107
Strong base, 107t, 108, 623.
624-625
Suong electrolytes, 100,
106-108. 608
Strong-field ligands, 888, 891
Strontium, 839, 839
Structural formula, 68
Structural isomer. See Constitu-
tional isomer
Styrene-butadiene rubber (SBR),
435
Styrofoum, 454
Subatomic particles, 43-45, 51t
masses of, 50, A.23
origin of, §19
Sublimation, 386, 387, 105
Sublimation enthalpy, 386
Subshell; 206209, 208, 211,
211t
flling of, 215, 217-218, 217
Substance, 6, 19-20. See also
Matter
chemical properties of, 15
detection and unalysis of,
18-19
physical properties of, 6, 6-9
purnification of, 17-18
Substrate, 514-516, 515, 515
Subtraction. significant figures
m, A7
Successive approximations, 633~
635.A.13
Sucrose
dissccharide, 463
elements in, /9
heating of, /4-15, 19
Sulfn drugs, 517-518
Sulfate ion, 58
Sulfides, 101t
as minerals, 822, §22
solubility of, 6§1-682, 652
Sulfur, 850, B50-852
allotropes of, 837
combustion of, 530, 545
expanded octet with, 272
n human body, 851
mining of, 827
Sulfur dioxide
in acid rain formation, 675,
0676
as air pollutent, 367-368, 827
s Lewis acid, 645
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molur mass of, 79
in sulfuric acid production,
851
Sulfur troxide
in atmosphere, 367
Sulfunc acid
in acid min, 367
jonization of, 625-626
production of, 851
Superconducting transition tem-
perature, 41/, 412
Superconductor, 411-413, 412
Supercriticul flud, 381
Supemaova, 820, 820
Superoxide jon. 837
Superphosphunte, 834

Supersaturated solution, 570, 570,
571, 578, 689

Surface melting, 395
Surface tension, 391, 39/, 392,
393t
Surtaces, reactions on, 476
Surfactants, 598-600, 649
Surroundings, 155
intermal energy change of,
157-158
Suspension, 597
Sv. See Sievert
System, 155
internal energy change in,
157-158

T
T. See Tempermure
t. See Time
tys- See Half-life
Tukeuchi, Esther S, 769
Tale, 382
T,. See Critical temperature
Teflon (polytetrafivorocthylenc),
4531, 455
Temperature (7), 7
absolute scale, 332
Celsius scale, 7, 332-333,
A5 A20,A22
Charles’s law and, 332-333,
334
eritical (7)), 381
encrgy and, 154-156
entropy change and, 707
enzyme activity and, S17
equilibrium constant and,
S53-556, 557-558, 719
Fahrenheit scale, 7, ALLS, A20,
A22
heat capacity and, 158-162
internal energy and, 156
Kelvin scale. 332, A 18 ES-6
kinetic-molecular theory and,
24, 154, 330, 349-350
measurement of, 154, /55
reaction direction and,
709-710, 712-714, 713

rexction rte and, 483,
495-496, 4081, 498-499,
498-504, 501

shift in equilibriam and,
$53-556

solubility and, 575-576

specta of heated objects and,
104

of standard enthalpy change,
169

vapor pressure and, 377-378

Tertiary structure (protein). 470
Tetrnhedral geometry

in complex ions, 882-884, 84S,
8%

in molecules and polyatomic
ions, 287-289, 287, 28T

Tetrabedron, 288

Thallinm, 840

Theoretical yiehl, 132

Theory, §

Thermal conductivity, 393t

Thermal decomposition, of cal-
cium carhonate (lime-
stone), 181-182, 840

Thermal energy, 150, 154

Thermal equilibrium, 155, 162

Thermal pollution, 575

Thermite reaction, 723, 740

Thermochemical expression, 168,
170-172

Thermodynamic stability,
733.735

Thermodynamic lemperuture
scale, 332

Thermodynamics, 150

changes of quantities in,
156-157

chemical reactivity and, 735

first low, 153

second law, 706

sign convention in, 156-157

tables of properties, A 42-A 48,
ES-6

third law, 701

Thermoplastics, 450

Thermosetting plastics, 450

Third law of thermodymamics, 701

Thomson, Joseph John, 44, 785

Thorium, 810

Three Mile Island nuclear power
plant, 805-806

Time (). A.18

Tin, 33t, 842, 844, 370

Titanium, $28, 83§

Titrant. 666

Titravon, 144, See alro Acid-base
titration

in agqueons solution, 44147

Thration curve, 668

acid strength and, 670-671,
673,673

of polyprotic acid, 675

strong acid-strong base, 668

Lnless cedernise novest, sl tootent on 2=y page » © Congage Learming

weak acid-strong base,
670-674, 671
weak base—strong acid, 674,
674
Toluene, 274
torr (Torr), 328
Tomcelli, Evangelusta, 328
Trace elements, 37
Tracers, 814, 8144
Trany futty acad, 447
trans isomer, 255-257. See alio
ciy-trans isomerism
Transesterification reaction, 449
Trunsition elements, 34-35,
858-863
wtomic rudii, 227-228, §62
colored compounds of, 858,
852

coordinute covalent bonds
with, 643, 876
electron configurations,
216-220, 858-861. 850
hysdrated jons of, 6431,
643644, 576
ion electron configurations,
223-225, 860, 86/
lonization energies, 231, 233
ions formed by, 221
melting points of, 408
minerals containing, 822, 822
oxidation states, 862-863
valence electrons, 219-220
Transition metals. See Transition
elements
Transition state (sctivated com-
plex), 495
{for catalyzed reaction. 512, 516
Transuranium clements, 801
Triangular bipyramid, 293
Tricarboxylic acid cycle, 726
Triglycerides, 445348, 447
biodiesel made from, 449
hydrolysis of, 448
Trihnlomethanes, 601
Triple bond, 246, 251
in alkynes, 254
hybridization and, 306
Triple pomnt, 388
Tritium, 52, 52, 789
fusion of. 809
Troposphere, 355, 368
alr pollution in, 366-368
Tube wells. 3
Tungsien, melting point of, 408
Tyndall effect, 363, 597, 597

U
. See Unified atomic mass umit
Uhlenbeck, George, 209
Ultraviolet radiation
hydrogen atomic spectrum and,
198

ozone and, 356357

117

Ultraviolet-visible spectroscopy,
310
Uncertainty principle, 204-205
UNICEEF, 3
Unified wtomic masy unit (u), 51,
A23
Unimolecular reaction, 493,
493496, 503, 504-505,
506
Unit cell, 396-400
cubic, 397-398, 398-400
density and, 399, 401, 402
Units, 12-13, A3-AS
common equalities, A21t
caonversion factors, 12, A4,
A20,A21 ES6
conversion of, 12-13, A4-A S,
A20-A22
prefixes for, A.18-A.19,
A9
SI (International System),
A18-A.20
Unsatursted fats, 446, 446-447
Unsaturated hydrocarbons,
254257
Unsawurated solution, 570, 570,
578, 689, 6589
Uranium
buckground mdiation from,
810, 811
fission of, BO2-803, BO7
radioactive decay of, 787,
787-788
Uranium-238, B80S
Uranium hexafluonde, 853t
Uranium oxide, 504

INDEX

v
V. See Volt
V. See Volume
v See Velocity
Valence band. 410
Valence bond mode! (VB
L276-277
Valence bood theory, 242
Valence electrons, 191, 2191,
219-220. Ser also Lewiy
structure
less than eight, 271
in menls, 409410
more than eight, 272-274, 273t
odd number of. 271272
sion (VSEPR) model,
286-299
central atoms with bonding
pairs and lone pairs,
290-293
central atoms with five or six
electron regions, 293-295
central atoms with only bond:
ing pairs, AXE,,
287-289
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Valence-shell electron-pair repul-
sion (VSEPR) model,
continued

molecules with more than a
single central atom,
295, 297

van der Waals constants, 353t
353-354

van der Waals equation, 353-354

van Vieck, J. H,, 886

van't Hoff, Jacobus H., 592

van't Hoff factor (i or i), 592

Vapor pressure, 376-378, 377

In gas collection over water,
347-348

temperuture dependence of,
3471, 379-380

of water, 347

Vapor pressure curve, 394

Vapor pressure lowering,
585-588, 587, 594

Vaporization, 373, 376, See also
Boiling; Evaporation

entropy of, 5§7-588
heating curve and, 388

Vaporization enthalpy (A, #),
167. 379-380, 303t, 394

VB. See Valence bond mode!

Velocity (v), 348-35]

und enzyme catalysis, 517
of gas particles, 348-351,
340350

Villard. P.. 785

Vinegar, 439, 439, 647, 648

Viny! chloride, polymer of, 432,
453t

Vitamins

A, 275, 568-569

B,;, 886

E 275

solubilities of, 68-569

Vitreous silics, 418

Vitrification, 807

Volatility, 377

Volt (V), 749

Volta, Alessandro, 744

Voltaic cell, 744-754, 743, See
also Electrochemical cell

Volume (V)

Avogadro's law and, 33334

Boyle’s law and, 330-331

Charles's law and, 332-333,
333

energy dispersal und. 698-899,
702

shifting equilibrium inh gas and,
551, 551-552 /

shifting equilibnum in solution
and, 5§53

stundard molar, 334, A 23

units of, ES-6 .

VSEPR. Ser Valence-shell electron-
pair repulsion (VSEPR)
mode]

Vulcanization, 456, 456, 851

w
W. See Wart
w. See Work
Water. See also Aqueous solution;
lce; Seawater
as acid, 609, 615
in atmaosphere, 361
autojonization of, 615-617
a8 base, 609. 615, 643-644
complex ions formed by, 6431,
643644
desalinization of, 20
dnnking, 3-3, 580
Earth's supply of, 600, 600
electrolysis of, 721, 776-777
entropy in phase chunges of,
704

fluoridated, 848

freezing of, 166-167

gas collection over, 347-348

hard, 599, 602603, 648549,
881

heating curve for, 38§7-388

human uses of, 60X

hydrogen bonding in, 373, 374,
378, 391-393, 391-394

ionization constant for (X,),
615, 6151, 619620,
635-636

oxygen dissolved in, 575-576
phuse diagram for, 394,
394-308
as polar molecule, 573
reaction with alkal) metals, 839
as solvent, 573, 575
specific heat capacity of. 159
states of, 23-25
unusupl properties of,
390-396, 392-394. 303
vupor pressure of, 347,
347348
vaporization of. 163165, 165,
165, 167
Water-gas reaction, 555
Water of hydration, 81
Water purification
municipal, 600, 601-602
Water wells, atmospheric pressure
and, 329
Watson, James D, 327, 404
Watson-Crick model, of DNA,
321322
Watt (W), 152
Wave equation, 205
Wave functions, 205
Wavelength (A), 191-192
energy per quantum and, |95
of particle, 203
units for, 192t
Weuk acid, 107, 1071, 608, See
also Catboxylic acid
jonization constant, A_33;
lonization equitibrium, 526,
5391, 540-541. 621,
622
salts of, 637-639, 641-642
Weak base. 107t, 108, 623
lonization constant, A_36t
salts of, 639-641, 641642
Weak electrolyte, 100, 608, 621,
622
Weuk-field ligand, 888, 891
Weight, atomic, 53-55, ES-3
molar mass and, 77
Weight, molecalar, 79
Weight percent, 578-570
molarity and, 583

Wemer, Alfred. 884
White phosphorus, 848
Wilkins, Maurice, 404
Wihler, Friedrich, 434
Wool, 470
Work fw), 154
in changes of state, 164-165
wconstant pressure, 165166
electrical, 744, 749, 759-760
energy and, 150
Gibbs free energy und,
721-723
intermul energy und, /57-158
maximum, 721-723
Working, 154

X

X. See Mole fraction

X-ray crystallogmphy, 322, 404
Xenon, 855

Xenon tetrafluoride, 204, 204
Xylene, 274

Y

Yield
actual, 132
percent, 132-134
theoretical, 132

4

Z See Atomic number

Zeroth-order reaction, 488,
485

Zewal, Ahmed H., 50/
Zine

in brass. 870

copper versus, 121

dietary necessity of, 886

environmental damage by,

677

galvunizing with, 780

in pennies, 87/

propertics of, 858
Zone refining, 414
Zwitterion, 629-630
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