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production of iron, 934
sulfur dioxide remosal with, 918
Caleium hydroxide [CatOH),; slaked
lime|, 947
Caleium oxide (Cu0: guicklime), 370,
I8, 47
Calcium phosphate. 760. 973
Calorie, 250
Culorimeter
vonstunt-pressure, 249
constant-volume bomb, 247
Calorimetry, 246
Cancer, RU1, 1018
Sew also Carcinogenicity
Capillury action, 473
Carbides. 964, (037
Carbon, 352, 963
allotropes of, §2, 253, 454, 963,
See also Diamond; Graphite
stomic muss of, 76
in morganic compounds, 56
phise diagrum of, 963
in steelmaking. 936
Carbon cycle, 912
Carbon dioxide (CO,), Y65
scidic propernies, 703
bond moments of, 424
climate and, 912
enthulpy of formation of, 234
indoor pollutant, 924
phase diagram of, 504
photosynthesis und, 399913
salid (dry e S04
solubility of, 53|
toxicity of, 5§31
Carbon disulfide (CS, ), 981
Carban-12, 76
Carbon-14, 586, 873
Carbon- 14 duting. 386, 8§73
Carbon monoxide (CO), 965
enthalpy of formation, 255
Irom automotive emissions, 603, 919
hemoglobin affinity for, 924
indoor pollutant, 924
metal purification with, 437
toxicity of, 924
Carbon tetrachloride (CClLy, 379, 1032
Carbonate ton, 386, 390, 453
Carbonic acid (H,C0)), 634, 688, 705
formation, 708, 732
ionization constants, 690
Carbonic anhydrase, 732, 760
Carbonyl group, 1044
Carborandum, Y64
Carboxyhemaoglobin, 924



Carboxy| group, 1044
Carboxylic ucids, |04
uacid strength, 693
Carcinogenicity
of amines, 1046
of ethylene dibromide, 988
of polyeyelic aromatic
hydrocarhons, 1041
of rudiation, 889
Carothers, Walluce, 1063
Cast (pig) fron, 935
Catalysis, 599
air pollution reduction by, 602
enzyme, 604
heterogeneous, 601
bomogeneous, 603
Catalysts, 399
in catalytic converters, 602
effects of, on equilibrium, 630
enzymes iy, 604
heterogeneous, 601
humogencous, 603
Nuttu-Ziegler, 1061
Catalytic converters, 602
Catalvtic rute constant (4_), 600
Catenation, 963, 1026
Cathode, 41,816
Cuthode ray(s), 41
Cathode ray tube, 41
Cathodic protection. 840
Citions, 51
electron configuration of, 332
hydrolysis of, 698
identification of, 761
jonic radius of, 337
nomenclature of, 58
Caustic soda. See Sodium hydroxide
Cell diagram, 817
Cell potential, 817
Cell voltage, 817
See ulsv Electromotive force
Cellulose, 718
Celsius temperature scale, |§
Cementite. 936
CERN, 6
Cesium. 349
Chadwick., James, 43
Chain reaction, nuclear, 878
Chulcopynite (CuFeS.), 999
Chulk, 947
Churgaff, E.. 1073
ChargafTs rule, 1073
Charge cloud (electron charge cloud), 295
Charge-to-mass rutio (efni), 41
Charles, Incques, 181
Charles” law (Charles’ and Gay-Lussac's law),
182
Chelating agents, 1002
Chemical analysis
See alyo Qualitutive unnlysis:
Quuntitutive analysis
with coordinution compounds, 1018
Chemical energy, 231
Chemicul equations, 90
balunced. See Balancing equations
free elements in, 332
interpretation of, 91
Chemical equilibrium, 121, 622
Chemical formulas, 52
empincal, 53, 88
molecular, 52
structural, 53
Chemical Kinetics, 563
Chemical properties, |1

Chemical reactions, 90
wid-hase, 130, 151, 730
addition. 60M, 1035, 1050
of alkanes, 1031
of alkenes, 1034
of alkynes, 1037
of aromutic compounds, 1040
imoleculur, §94
combinution, 137
combustion, 139
condensation, (43, 1063, 1063
of coordination compounds, 1015
Dalton’s definition of, 39
decomposition, 139
displacement, 139
disproportionation, 142
first-order, 575
gases in, 193
half, 133
half-cell, 816
metathesis, 121
neutralization, 130, 151, 730
nuclear reactions compared with, $63
oxidation-reduction. See Oxidation-
reduction reactions
precipitation, 121, 748
rite of. See Raje of reaction
secand-order, 582
spontaneous, 777, 783, 759
substitution, 1040
termolecular, 594
thermite, 949
unimoleculur, 594
zero-arder, 585, 607
Chemistry, 2
Chemobyl, 883
Chile saltpeter (NaNO;), 945
Chirnl molecules, 1007, 1032
Chlor-alkali process, 984
Chlorine, 354, 982
preparation of, 954
uses of, 987
Chlorine monoxide (C1O), 907
Chlorofluorohydrocatbons (CFCs), 907
Chioroform (CHCL), 1032
Chlorophyll, 1017
Chlorous acid (HCIO,), 63. 987
Cholesterol, 1147
Chromium, 310, 996
Chromosomes, 8§89
Cinnamic aldehvde, 1044
Cisplatin, 1018
Cis-truns isomers
of nlkenes, 1034
of coordination compounds, 1006
Clapeyron, Benoit, 496
Cluusius, Rudolf, 496
Clausius-Clapeyron equation, 496
Climate
carbon dioxide and, 912
effects of water on, 475
Closed system, 232
Closest packing. 480
Cloud seeding, 988
Coal, 963
Coal gasification, 966
Cohesion, 473
Cainage metals, 356
Coke, 934
Colligative properties
of electrolyte solutipns, S44
of nonelectrolyte solutions. 532
Collision theory, 588
Colloids. 546

Index [-3

Color
of glass, 493
of indicators, 741
of transition metal lons, 1010
wavelength and, 278, 1010
Colar wheel. 1010
Combmation reaction, 137
Combustion, 139
of acetylene, 257, 1037
ol alkanes, 1031
of hydrogen, 11, 232
of methane, 243, 103]
of sulfur; 137, 235
Common ion effect
ucid-base equilibeis and, 721
solubility and, 751
Complex jon(s), 756, 1000
mugnetic properties of, 1012
solubility equilibria and, 756
Complex jon formution, 756
Compounds, §
anhydrous, 64
aromatic. See Aromutic hydrocarbons
coordination, See Coordination
compounds
in Dalon’s theory, 39
inorganic, 56
lonic, 51, 54, 372
molecular, 59
nonstoichiometric, 960
organic, 56, 65, 1026
Concentration, 145,522
chemical equilibria and
changes in, 645
effects on emf, 827
Concentration cells, 831
Concentration of solution, 143, 522
Concentration units, 145, 522
compared, 524
molality, 523
molarity, 145, 523
mole fraction, 197, 323
percent by muss, 522
Condensation, 495
Condensation reactions, [043,
1063, 1065
Caonduction band, 939
Conductivity
of metals, 491, 939
of nonmetallic elements, 940
Contuctor, 940
Conjugate acid, 667
Confugute acid-base pair, 667, 657
Conjugate base, 667
Constant-pressure calorimeter, 249
Constant-volume bomb calorimeter, 247
Constructive interference, 444, 485
Cantact process, 981
Cantrol rods, 880
Cooling curve, 501
Cooperativity. 1070
Coordinate covalent bonds, 393, 704
Coordination compounds, 1000
applications of, 1016
bonding in. 1009
in living systems, 1016
magnetic properties, 1012
naming. 1003
oxidation number, |(X2
reactions of, 1015
stereochemistry of, 1006
Coordinution number, 479, 100}
Coordination theory of Werner. 1000
Copolymer, 1063



14 Index

Copper, 999
carrosion of, 840
electron configuration of, 310
lonization energy of, 356
metallurgy of, 999
purification of, 937
Copper carhonate (CuCO:; pating). 840
Copper sulfate (CuSQ,), 64
Core

atomic, See Nucleus

noble gas, 304

nuciear reactor, 80
Core electrons, 330
Corona, 324
Corrosion, 838
Conmndum (AL,0,), 948
Coulomb (CJ, 824, 845
Coulomb, Charles, 372
Coulomb's law, 372, 865
Coupled resctions, 800
Covulent bonds, 377

coondinate, 393

polur, 380
Covalent compounds, 377
Cavalent crystals, 400
Covalent hydrides, 959
Cracking process, 1035
Crenation, 541
Crick. Francis, 1074
Critical mass, 878
Critical pressure (£,), 499
Critical tempernture (7}), 499, S0 (1uble)
Crown ether, 930, 944
Crude ail, 1048
Cryolite (NayAlF,), 948
Crystal(s), 486, 491 (rable)

covalent, 490

lonic, 486

metallic, 491

moleculir, 490

Xeray diffruction by, 484
Crystal field splitting, 1010
Crystal field theory, 1000
Crystal structure, 476
Crystalline solids, 476
Crystllization, 519

fractional, 527
Cubic close-pocked (cep) structure, 481
Cubic unit cell, 478
Curie (Ci), 888
Curie, Marie, 43
Curie, Pierre, 43
Cyanide, 964
Cyeloalkanes, 1033
Cyclohexane, 1033
Cyclotron, 875
Cytochrome ¢, 1017
Cytochrome oxidase, 964
Cytosine, 1073

D

o Orbitals, 299, 1008
and crystal field theory, 1009
hybrdization of, 439
Dacron, 1063
Dalton (atomic mass unit), 76
Dalton, John, 39
Dalton’s atomic theary, 39
Dalton’s law of partiul pressures, 196
Daniel cell. 816
Dhaty, 4
Duting. radionuclear, 586, 873
Dative bonds, 393

Davisson, Clinton. 201
de Broglie, Louis, 287
de Broglic's hypothesis, 287
Debye (D), 424
Debye, Peter J., 424
Decay series. See Radionctive
decay series
Decomposition resctions. 139
Definite proportions, law of, 40
Delocalized molécular orbitals, 452
of benzene, 452
of carbonute fon, 433
of metals, 491, 939
Demaocritus, 39
Denuturant, 1073
Denatured alcohol, 1043
Denutured proteins, 774, 1073
Denitrification, Y02
Density, 11
gas, 1%
of nucleus, 865
waler, 476
Dental amalgam, 846
Deoxyhemoglobin, 1017, 1070
Deoxyribonucleic acid (DNA ), See DNA
Deposition. 502
Derived ST units, 14
Destructive interference, 444
Detergents, 1020
Deuterium, 46, 960
Desterium oxide (D,0; heavy water). 880, 960
Deviation from ideal gas behavior, 210
Dextrorotatory isomers, 1007
Diagonal relationship, 348, 704, 959
Diagonal rule, 822
Digmagnetism, 304
Dismond
as allotrope of carbon, 52, 253, 963
entropy of, 782
structure of, 490
synthetic, 963
Diaphragm cell. Y84
Dialysls, 546
Diatomic molecules, 50
heteronuclear, 914
homonuelear, 448, 914
Dichloroethylene, 425, 1036
Dichromate jon, 1535, §13
Diethyl ether, 1043
Diffusion, gaseous, 207
Dilution of solutions, 147
Dimensional analysis, 23
Dimethylglyoxine, 1018
Dinitrogen pentoxide (N.0,), 577
Dinitrogen 1etroxide (N;0,), 622, 648
Dinosaurs, 36
Dipeptide, 1065
Dipolar ion, 1065
Dipole moments (1), 423, 425 (table)
Dipole-dipole forces, 267
Dipole-induced dipole, 468
Dipositive fons, 33§
Diprotic acids, 128, 688
ionization constunt of, 690
Dispersion forces, 469
Displacement reactions, 139
Disproportionution reactions, 142
Distllation
fractional, S35, 1048
mett| purification by, 937
Distribution, 779
DNA (deoxyribonucleic acid), 1073
cisplutin binding to, 1018
electron micrograph, (074

fingerprinting by. 1076
structure of, 1075
Dolomite, 946
Donor atom, 1001
Donor impurity, 940
Doping, 940
Daouble bonds, 379, 440
Doubling time, 881
Downs cell, 841
Dry cell batteries, 832
Dry ice, 63, 504
Dynamic equilibriom, 495

E

Earth
age of, 74
composition of, 49 (table)
EDTA (ethylenediaminetetranceture), 1001
treatment of metal poisoning witk, 1002
Effective nuclear charge, 334
Efficiency, 791
Effusion, gascous, 209
Egp
formation, 760
hard boiling, 508, 774
Einstein, Albert. 40, 208, 279, 868
Einstein's muss-energy equation, 868
Einstein's relativity theory, 868, 875
Elustomens (synthetic rubber), 1062
Electrical work, 824
Electrocatalysts, 836
Electrochemical series, 140
Electrochemistry, 813
Electrode(s), 316
anode, 816
cathode, 816
Electrode potential, See Standand
reduction potential
Electrolysis, 841
of agueons sodium chloride. 843
metal purification by, 937
of molten sodium chloride. 841
yuantitative aspects of, 345
of water, 842
Electrolytets), 119
strong, 120
weak, 120
Electralyte solutions, colligative properties
of, 544
Electrolytic cell, 841
Electromagnetic radiation, 277
Electromagnetic wave, 276
Electromotive foree (emf), 817
effects of concentrtion on, 827
standard, 819
Electron(s), 41
charge-10-mass ratio of, 41
nonbonding. See Lone pairy
probability distribution of, 298
valence, 330
Electron affinity, 345, 346 (rable)
Electron capture, 867
Electron charge, 41
Electron charge cloud, 295
Electron configurution. 302
untons, 333
Aufbuu principle and, 308
cations, 332
dinmugnetism and paramagnetism in, 303
electron psyignment 10 orbitals in, 302
ground state, 302, 309
Hund's rule and, 308
und molecular orhitals, 446



Pauli exclusion principle and. 303
and shielding effect. 304
Electron density, 208
Electron microscope, 292
Electron probability, 294, 298
Electron spin, 296, 302
in coordination compounds, 1012
Hund's rule und. 305
Pauli exclusion principle and, 303
Electron spin quantum number Gp, ), 296
Electron subshell, 206
Electron-dot symbols, 369
Electronsgativity, 380
Elementary particles, 863
Elementury steps. 594
Elements, 7
abundance, 49
atomie radii of, 335
classification of, 48, 129
derivation of names and symbols, A-]
clectron affinity of, 345
electronegativity of, 380
essential, 49
ground state electron configurations of,
309 (rable), 329
jonization energies of, 342 (fable)
periodic and group properties of, 347
representative, 330
symbols of, 8 (tubie)
transuranium, See Transuraniom elements
Emf. See Electromotive force
Emission spectra, 282
Empirical formula, 53, 88
Emulsion, 547
Enantiomers, 1007
End point, 739
Endothermic process, 233
Energy, 231
chemacal, 231
crystl field splitting, 1010
of hydrogen uom, 284
fonization, 340
kinetic. See Kinetic cnergy
lattice. See Luttice energy
law of conservation of, 231
mass-energy conversion, 868
moleculur orbital energy level
dingrum, 445
nuclear binding. See Nucleur binding energy
potential, See Potentinl energy
solar. See Solar radiation
thermal, See Hewt
umit of, 202
Energy changes
in chemical reactions, 242
and first law of thermodynumics, 234
Englert, Frangois. 6
Enthalpy (H), 241
and Born-Haber cycle, 372
stundard, 253
Enthalpy of reaction. 242
Eathalpy of solution, 259
Entropy (5). 778
absolute, 782, 785
chunges, 780
and microstate, 779
phase transition, 780, 795
stundard, 782
Environmental pollution
acid rain, 702, 916
Freon, 907
nuclear wastes, 883
sulfur dioxide, 917
thermal, 528, 880

Enzyme(s), 604
alcohol dehydrogenase, 606, 1042
curbonie anhydrase, 732, 760
catulysis of, 604
cytochrome oxidase, 964
hexokinase, 605
HIV-protease, 455
lock-und-key model of. 605
Enzyme-substrate intermediate (ES), 606
Equation
Arhemus, 589
Boltzmann, 780
chemicul, 90
Chassius-Clapeyron, 496
Einstein, 868
Henderson-Hasselbach, 722
ideal gas, 184
lonie, 124
molecular, 123
Nemst, 828
net lonic, 124
nuclear, 863
redox, 13
Schridinger, 294
thermochesmical, 243
van der Waals, 212
Equatorial position, 416
Equilibrium, 121, 622
catnlyst effect on, 650
and chemical kinetics, 637
and concentration changes, 6435
dynamic, 495
free energy und, 796
heterogeneous, 630
homogeneous, 625
liguid-solid, 499
ligquid-vapor, 494
multiple. 633
solid-vapar, 502
und temperatute changes, 648
volume and pressure changes and, 646
Equilibrium constant (K), 624, 797
balanced equation and, 635
and equilibrium concentration
calculations, 641
in heterogeneous equilibnum, 631
in hamogeneous equilibrium, 625
and law of mass action, 624
in multiple equilibris, 633
units, 627
Equilibrium vapar pressure, 495
Equivalence point
in acid-base titrations, 152, 730
in redox titrations. 155
Erythrocytes. See Red blood cells
Escape velocity, 207
Essential clements, 49
Esters, 1045 4
Ethune (C.H,), 1027
Ethanol (C-H,OH), 8K, 1042
Ethers, 1043
Ethyl acetate (CH,COOC;H,), 603, 1046
Ethyl group (C:Ha), 1029
Ethylene (C;H,), 1033
bonding in, 379, 440
in polymerization, 1060
Ethylene dibromide, 988
Ethylene glycol [CHY(OHICHW(OH)).
538, 1043
Ethylenediamine, 1001
Ethylenediaminetetrmacetate. See EDTA
Eutrophication, 1020
Evaporation. See Vaporizanon
Excess reagent, 90

Index I-5

Excited level (excited state), 284
Exothermic processes, 233
Expanded octet, 393
Expanded valence shell, 393, 439
Explosives, §79, 946, 974
Exponential notation. See Scientific notation
Extensive properties, 11
F
S Orbitals, 299,310
Face-centered cubic unit czll (fee), 479, 48]
Factor lubel method, 23
Fahrenheit temperature scale, See
Temperuture scale
Family of elements, 48
Faraday, Michael, 824, 1030
Faraday constant (£), §24
Fat cells, 250
Fermentation, 913, 142
Fermionis), 6
Ferromagnetic substances, 932
Fertilizers, 105
Fingerprints, 1056
First law of thermodynamics, 234
First-nrder reactions, 575
Fischer, Emil, 605
Fission reactions, 877
Fission reactors, 879
Flams test, 762
Flotation method, 932
Fluorapatite, 105
Fluoridation, 987
Fluarine, 354, 982
fluoridation with, 987
mass defect of, 868
oxidation number of, 136, 383
preparation of, 983
uses, 987
Fluorite (CaF;), 487, 947
Flux, 934
Food rradiation, 89)
Foree, 175
wdhesive, 473
dispersion, 469
intermolecular, See Intermolecular forces
intramolecular, 467
unit of, 175
van der Waals, 467
Formul charge, 387
Formaldehyde (CH,0), 442, 024, |44
Formation constunt (X)), 756, 757 (tabie)
Formic acid (HCOOH), 564, 678, 145
Formula mass, 83
Formulas. See Chemical formulas
Fossil fuels, 962, 966. 1048
Fractional crysmllization, 327
Fractional distillation, 335, 1048
Fractional precipitation, 749
Fructionating column, 335, 1048
Fruncium, 341
Frasch, Herman, 978
Frasch process, 978
Fraunhofer, Josef, 324
Free enerzy (G), 784
chemical equilibria und, 796
and electrical work, 824
in phase trunsition, 795
spontuneity and, 790
standard free energy of reaction, 790
temperatuse and, 793
Free radicals, 889, 1032
Freezing point, 499
Freezing-point depression, 537



I-6 Index

Freons, 907, 986
Frequency (v). 275
Frequency fuctor (A), 3%
Fuel. fossil. See Fossil fuels
Fuel cell, 833
Fuel value, 250
Functional groups, 65, 1026, 1047 (rable)
Fusion
entropy and, 795
molar heat of. 501 (rehle)
nuclear, 883

G

Gallium, 327
Galvanic cells, 816
Galvanized iron, 840
Gamma () rays, 43
Gamow, George, 6
Gungue. 932
Gases), 9, 173
Avogudro’s law, 183
Boyle's law, 178
Charles’ law, 182
in chemical reactions. 193
Dalton’s luw of partial pressure of, 196
density of. 190
diffusion of. See Diffusion
effusion of, See Effusion
emission spectrum of, 282
Kkinetic molecular theory of, 202
monatomic, 173
noble, See Noble gases
pressure of, 174
solubility of, 528, 529, 331
Gus constant (R), 184
units of, 185, A-7
van der Waals, 212 (rable)
Gasoline, 1049
antiknocking ugents in, 1049
Gastric juice, 706
Gauge pressure, 272
Guy-Lussac, Joseph. 181
Geiger, Hany, 44
Geiger counter. 888
Genetic effects of radiation, 889
Geobucter, 837
Geometric isamer(s), 1006, 1035
Geometric shapes of orbitals, 297, 436
Gerlach, Walther, 297
Germer, Lester, 291
Gibbs, Josinh, 789
Gihbs free energy. See Free energy
Glass, 492, 493 (table)
Glass clectrode, 830
Glucose (CH,0y), 718, 887, 1040
Glutamic acid, 1066, 1072
Glycerol, 474
Glycine, 1066, 1068
Gold
extraction of, 965
1onization energy of, 356
oxidution of, 970
Goodyear, Charles, 1062
Gram (g), 13
Graham, Thomas, 209
Graham’s law of diffusion, 209
Gruphene. 455, 834
Graphite, 52, 253, 490, 963
ns covalent erystil, 490
entropy of, 782
Gruvimetric analysis, 149
Greenhouse effect, 912
Ground state (ground level), 284

|

Group (periodic), 48

Guanine, 1073

Guldberg, Cato, 624

Gunpowder, 946

Gypsum (CaS0, « 2H,0), 947, 975

H

H:. See alyo Hydrogen; Hydrogen ntom
Lewls structure of, 377
molecular orbitals of, 445
potential energy of, 429

Haber, Frite, 373, 601

Haber procgss, 601, 652

Hair, “W

Haif-cell potential. See Standnrd reduction

potential

Half-cell resctions, 816

Hall-life, 341, 580
of carbon- 14, 586
of cobali-bl), S81, B85
of first-order reactions, S80
of francium-223, 341
of iodine-131, 887
of plutonium-239, 881
of potassium-40, §74
of radon-222, 922
of isatopes used in medicine, 887 (rable)
of second-order reactions, S84
of sodium-24, 581, 886
of technetium-99, 887
of tritium, 875, 885, 960
of uranjuns-238, 873
of zerv-order renctions. 385

Half-reaction, 133

Halic ncids, 693, 986

Halides, 355, 985
alkali metal, lattice encrpy and, 375
alkyl, 1032
hydrogen. See Hydrogen halides
phosphorus, 972
solubility of, 122

Hall. Charles, 948

Hall process, 948

Halogen(s), 50, 354, 982
displacement of, 141
electronegutivity, 982
industrial and biological roles of, 987
jonization energy, 982
oxoucids, 62, 986
preparation of, Y83
properties of, 983

Halogenation of alkunes, 1031

Hard wuter, 126

Hear, 232, 239
of dilution, 260
of fusion, 500
of hydration, 259
of solution. 259
of vaporization, 495§

Heat capucity (C), 246

Heat comtent, See Enthalpy

Heat engine, 790

Heating carve, 501

Heavy water. See Deuterium oxide

Heavy water reuctor, 880

Heisenberg, Wermner, 293

Heisenberg uncertainty

principle, 293

Helium, 355
hoiling point of, 469
discovery of, 324
escape velocity of. 207
formation of, 871

intermoleculur forces in. 469
tonization energy of, 342
Hematite (Fe,04), 998
Heme group, 1016, 1070
Hemodialysis, 546
Hemoglobin (Hb)
binding of oxygen, 331, 631, 1016, 107D
as huffer, 732
carbon monoxide affinity for, 924
production of, 651
structure of. 1016, 1071
Hemolysis, 340
Henderson-Hasselbach equation, 722
Henry, William, 529
Henry's law, 529, 331
Hertz (Hz), 276
Hess, Germuin H., 255
Hess's law, 255, 259, 374
Heterogeneous catalysis. 601
Heterogeneous equilibria, 630
Heterogeneous mixture, 7
Heteronuelear distomic molecules, 914
Hexuagonal close-packed (hep)
structure, 48|
Hexamethylenedinmine. 1063
Héexokinase, 605
High-spin complexes. 1012
High-temperature superconductor, 407
Higgs boson, 6
Higas, Peter, 6
Hindenburg, 233
Hiroshima, 8§79
HIV, 458
Homogeneous catalysis, 603
Homogeneous equilibria, 625
Homogencous mixture, 7
Homonuclear distomic molecules,
448 914
Homopolymers, 1060
Human immunodeficiency virus, See HIV
Hund, Fredrick, 305
Hund's rule, 305, 447, 450, 1012
Hybrid orbitals, 431, 436 (table)
of molecules with double and miple
bonds, 440
sp. 433,441
spt, 434, 340
sp’. 431
sprd, 439
spia’. 439
Hybridization, 432
Hydrate, 64, 1038
Hydranon, 120, 259
heat of, 259
of jons, 120, 259, 781
of protons, 128, 667
Hydrazine (N;H.). 968
Hydrides
binary, 958
covalent, 959
interstitial, 959
ionic, Y59
phosphorus, 971
Hydrocarbons, 65, 1026
aliphatic. See Alkanes
alkynes. See Alkynes
aromatic. See Aromatic hydrocarbons
cycloalkanes, 1033
saturated, 1027
unsaturated, [033, 1037, 1039
Hydrochloric acid (HCI), 128, 693
in acid-base titrations, 730, 737
s monoprotic acid. 128

preparation of, 986



Hydrocyanic acid (HON), 678, 964
Hydrofluorie acid (HF)
lonization constant of, 678
as weuk acid, 679
Hiydrogen, 348, 958
atomic orbitils of. 297
combustion of, 11, 232
displacement of, 139
inotopes of, 46, 960
metallic, 962
oxidation number of, 136
preparation of, 938
properties of, 348, 958
Hydrogen atom
Bohr's theory of, 282
emission spectrum af, 282
energy of, 284
Schridinger equation and, 294
Hydrogen bomb, 885
Hydrogen bond, 471, 1069, 1075
Hydrogen bromide (HBr), 986
Hydrogen chloride (HC1). 986
Hydrogen cyanide (HON), 174, 964
Hydrogen economy, 962
Hydrogen fluoride (HF, 380, 423, Y86
Hydrogen halldes, 985
acid strength of, 693
dipole moments of, 425
Hydrogen lodide (HI), 986
kinetics of formation, 596
Hydrogen jon
hydrued, 128, 667
pH and concentration, 671
Hydrogen molecule (H;)
combustion, 11, 232
Lewis structure, 377
molecular orbital, 445
Hydrogen peroxide (H,0,), 976
decomposition of, 143, 368, 596
disproportionation, 143
s oxidizing agent, 976
percent composition by mass of, 83
us reducing agent, 976
Hydrogen sulfide (H,S), 979
s diprotic acid, 690
preparation of, 979
in gualitutive analysis, 762
Hydrogenation, 961
Hydrogen-oxygen fuel cell, 835, 962
Hydrohalic scids, 693, 9856
Hydrolysis
alkaline (saponification: buse
hydrolysis), 1046
of antons, 697, 734
of esters, 599, 146
metal ton, 699
sult, 696
Hydrometer, $34
Hydronium lon (HyO"), 128, 067
Hydrophilic interaction, 347
Hydrophobic interaction.
547, 1072
Hydroxides
alkuli metal, 674, 703, 945
alkaline earth metal, 674, 703
amphoteric, 703
Hydroxyapatite, 742, 448
Hydroxyl groups (OH groups), 1042
Hydrosy! radical, $89,
910,917
Hypertonic solunon, 540
Hypochlorous scid, 63, 987
Hypothesis, 4
Hypotonic solution, S40

I

lee, 475
ICE method, 641
lee skating, 505
lee-water equilibrium, 500
Tdeal gas, 185
Ideal gas equation, 184
[deal solution, 534
Tmpurities
acceptor, 941
donor, 940
Incomplete octet, 392
Indicators. See Acid-buse indicators
Induced dipole, 468
Inert complexes, 1015
Infrared active, 914
Initizl rate. 571
Inorganic compounds, 56
Instantuneous rate, 365
Insulators, 940
Intensive properties, 11
Interference of wives, 444, 485
Intermediates, $94
Intermolecular forces, 174, 467
dipole-dipole forces, 467
dispersion forces, 468
jon-dipole forces, 468
jon-induced dipole, 468
van der Waals forces, 467
Internal epergy, 238
Intemational System of Units (ST units), 12
International Union of Pure and Applied
Chemistry. See IUPAC
Interstitial hydrides, Y60
Intramoleculur forces, 467
lodine, 334, 982
nuchear stubility of, 869
preparation of, 142, 985
sublimation of, 02
uses of, 988
lodine-131, 8§87
Ton(s). S0
dipositive, 338
electron configuration of, 333
hydrated, 120, 259
hydrolysis, 696
monatomic, 51
pelyatomic, 51
separation of, by fractional precipitation. 749
spectanor, 124
transition metal. 7. 996, 1011
tripositive, 338
unipositive, 338
lon pairs, 544
lom product constant, 669
Ton-dipole forces, 468
lon-electron method, 813
lon-induced dipole, 468
Tonic bond, 370, 372, 382
lonie compounds, 51, 54
nomenciature, 56
lonie erystals, 486
lonic equation. 124
Tonic hydrides, 959
lonic radii, 337
lonic solids (iome crystals), 456
lonization constants
of bases, 686
of dipratic and polyprotic scids. 690
of monoprotic acid, 678
lonization energy, 340, 342 (able)
Tonizing rudiation, 889
lon-product constant of water (K, ), 669

Index -7

lonosphere, W4
[rdium, 37
fron, QU8
corrosion of, 3349
ferromugnetic properties of, 932
gulvanized, 840
metallurgy of, 934
Iron sulfide (FeS). 775
Isoelectronic ions, 333
Tsolated svstem, 232
Isomers)
geometric, 1006, 1035
optical, 1007, 1032
of polymers, 1060
stroctural, 1027
lsomerism. See lsomeris)
Isoprene, 1061
Isopropanol, 1043
Isotactic polymers, 1060
[sotonic solution, 340
Isotapes, 46, 886, 960
upplications of, 5§99, 886, 1015
IUPAC, 48, 330, 1028

J

Jetireys, Alec, 1076
Joule (J), 202
Joule, James Prescott, 202
Jupiter, 207, 962
k’
Kekute, August, 390, 1039
Kelvin, Lord ¢Willlem Thomson), 182
Kelvin temperature scale. 15, 182
Keratin, 1082
Ketones, 1044
Kilogrum (kg), 13
Kinetic energy. 202, 231
Kinetic isotope effect, 961
Kinetic moleculur theary

of gases, 202

liquids und solids in, 466
Kinetics. See Chemicul Kinetics
Krypton, 355

L

Labile complexes, 1013
Lachrymutor, 920
Luke Nyos. 531
Lanthanide series. See Rare carth elements
Large Hadron Collider (LHC), 6. 862, 875
Laser, 200, 885
Luttice energy (U7, 259, 372, 375 (table)
of alkali metal halides, 372
und Born-Huaber cvele, 372
and chemical formulas, 372
Lattice point, 477
Taue, Max von, 454
Laughing gas (nitrous oxide), 65, 969
Law. 4
Lawis)
Avogadro®s, 183
Boyle's; 178
Charles’, 181
of conservation of energy, 231
of conservation of mass, 40
Coulomb's, 372, 824
Dalton's, of partisl pressures, 195
of definite proportions, 40
first law of thermodynumucs, 235
Gruham's. of diffusion, 209
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Lawis)—iconr,)
Henry's, 529, 530
Hess's, 255, 256, 257, 372
of mass sction, 624
of multiple propartions. 40
of octaves, 327
Raoult’s. 532
rate, 371
second low of thermodynumics, 783
third law of thermodynamics, 787
Le Chatelicr, Henry L., 644
Le Chatelier's principle, 644
ucid fonization und, 684, 740
chemical equilibrium and. 644
common ion effect and, 722, 751
and eggshell formation, 760
solubility equilibrin and, 751
Lead, 352
tetracthyl, 1050
tetramethyl, 1050
treatment of, 1002
Lead-206, 873, 898
Lead chamber process, 604
Lead storage batteries, 833
Leclunche cell, 832
Length, ST hase unit of, 13
Levorotatory isomers, 1007
Lewis acid, 704
Lewis buse, 704
Lewis acid-base theary, 704
Lewis dot symbals, 369
Lewis, Gilbert N, 369
Lowis structures, 378
formal charge und, 387
octet rule and, 378
and resonance concept, 3%
Libby, Willurd F., 586
Ligands, 1000, 1001 (tuble)
strang-field. 1012
weak-field, 1012
Light
absorption o, and crystal field
theary, 1010
electromagnetic theory of, 276
particle-wave duality of, 279, 287
plune-polarized. 1007
speed of, 277
Light water reactors, 879
Lime, 793,919
Limestone, See Caleium carbonate
Liming, 919
Limiting reagents, 99
Line spectra, 282
Linear molecule, 415, 433
Liquid(s), 10. 473
propertics of, 466 (rable)
solutions of liquids in, 519
solutions of solids in, 519
surface tension in, 473
viscosity of, 474
Liguid crystals, 506
Liguid-solid equilibrium, 499
Liguid-vapor equilibrium, 494
Liter (L), 14
Lithium, 349
Lithium deuteride (LiD), 8835
Lithium fuonde (LiF), 372
Lithium oxide (LI-0), 349
Litmus, 127
Living systems
coordination compounds in, 1016
thermodynamics of, 800
Lock-und-key theory, 605
Loganithm, A-13

London 1orces. See Dispersion forces
London, Fritz. 469
Lone pairs, 378
Low-spin compleaes, 1012
Lucite (Plexiglas: polymethyl
methacrylate), 1059
M
Macromolecules. See Polymers
Macroscopic properties, 12
Magic number, 865
Magnesium, 156, 351, 947
band theary 6f, 939
cathodic protection with, 84(}
combustion, 133
preparation, 156
Magnesium hydroxide [Mg(OH),), 156,
707,947
Magnesium nitride (MgsN;), 947
Magnesium axide (MgO), 133,947
Magnetic confinement, 884
Magnetic field
of clectromagneonc waves, 277
clectron spin and, 296, 303
Magnetic quantum number (). 296
Magnetism, 303
of complex jons, 1012
dinmagnetism, 304, 1012
lerromagnetism, 932
parnmagnetsm, 304, 444, 1012
of transition metals, 1012
&’llmle ch,O;]. 999
Main group elements, 330
Mainstone, John, 475
Manganese dioxide (MnO,1, 198, 600
Munganese nodules. 932
Manometer, 177
Many-clectron stoms, 205
Marble, 947
Markovnikov, Viadimir, 1035
Markovnikov's rule, 1035
Marsden, Emest, 44
Marsh, Jumes, 170
Mursh gas. Ser Methane
Marxh test, 170
Martan Climate Orbiter, 17
Mass, 11
atomic. See Atomic mass
critical, 878
defect, 868
clectron, 46
formula, 83
molar, 78, 191, 542
muolecular, 81
number (A1 46
percent composition by. See Percent
composition
51 base unitof, 13
of subatomic particles. 46
suhcritical, 878
Mass action, law of, 624
Mass defoct, 865
Mass number (A), 26
Mass spectrometer, 84
Mass-energy conversion, 40, 868
Matter, 6
classification of, 6
conservation of, 40
Maxwell, James, 203
Maxwell speed distribution, 204
Mean square speed. 206
Mechanical work, 237
Melting: entropy and, 795

Melting point, 499

of alkali metal halides, 372

of alkali metals, 341

of diamond, 49

of francium, 341

pressure and, S04

of guartz, 490
Membrane potential, 831
Mendeleev, Dmitri, 327

in wmalgam, 846, 932

in harometers. 176

mineral extraction with, 932
Mercury batieries, 832
Mercury oxide (HgO), 139, 233,778
Mesosphere, 004
Metabolism, 80|
Metal(s), 45,491,930

ulkali. See Alkali metal(s)

alkaline earth, See Alkaline carth metal(s)

bonding in, 491, 939
coinage, 356
displacement reactions, 140
corrosion. See Corrosion
In jonie compoands, 58
oceurrence of, Y32
preparation of, 933
properties of, 48, 941
punification of, 937
Metal hydrides, 959
Metal fon
electron configurations, 332
hydrolysis of, 699
radii, 338
Metallic bonds, 491, 939
Metallic crystals, 491
Metallic elements, 48, 491, 930, See ulsor
Metalis)
Metallolds, 48
Metallurgy, 932
coordination compounds in, 937, 965
pyrometallurgy, Y33
Metathesis reaction, 121
Meter. 13
Methane (CHy), 1027
combustion of, 243, 1031
hydrate, 1038
moleculuar geometry of, 416, 432
Methane hydrate, 1038
Methanol (CH,OH), 421, 1042
Methyl acetate, 599
Methy| chloride, 1031
Methyl group, 1029
Methy! radical, 1032
Methy| propyl ether (neothyl), 1044
Methylene chlonide, 1031
Methyl-ters-butyl ether (MTBE), 1050
Metric unit. 12
Meyer, Lothar, 327
Microscopic properties, 12
Microstate, 779
Microwave aven, 426
Microwaves, 278, 426
Milk of magnesia. 707, 753, 947
Millikan, Robert A, 42
Mineral, 931 (rable)
Miscible liquids, 521
Mixture, 7
gas. law of partisl pressures und, 195
heterogeneous, 7
hamogeneous, 7
racemic, 1007
Moderator, 879
Molal boiling-point elevation constunt. 537



Molul freezing-point depression consiant, 337
Molality (m), 523
Molur concentration, 145
Molar heat
of fusion, SO0 (tuble)
sublimation, 502
of vaparization, 495, 496 {rable)
Molar mass, 78, 191,542
Molar solubility, 745
Molarity (M), 145, 523
Muole (moly, 77
Mole fraction (X). 197, 523
Mole method, 95
Molecular compounds, 59
Molecular crystals, 491
Molecular equation, 123
Molecular formula, 52. 89
Molecular geometry, 413
of coordinating compounds, 10035
of cycloalkanes, 1033
Molecular mass, 81
Molecular models, 32
Molecular orbital theory, 443
Molecular orbitals. 443
bonding and antibonding, 444
configurations of, 446
delocalized, 452
encrgy level dingram of. 445, 447, 449,
450, 451
Molecular rotation, 782
Moleculnr shapes. See Molecular geometry
Molecular speed, 206
distribution of, 203
rout-mean-square, 206
Molecular vibration, 782, 914
Molecular weight. See Molecular muss
Molecularity. 594
Molecules, 50
chemical formules and, 52
chiral, 1007, 1032
dimtomic, S0
linear, 415, 433
nonpolar, 424
odil-electron, 393
plunar, 47, 434, 44()
polar. 424
polyatomic, 50
Monatomic gases, 173
Monatomic jons, §1
Mand, Ludwig, 937
Mand process. 937
Maonodentate ligands, 1001
Manomiers, 1059, 1064 (table)
Maonoprotic acids, 128, 677
Moseley, Henry, 328
Most probable speed, 204
Multiple bonds, 378, 440
Multiple equilibrig, 633
Multiple proportions, law of, 40
Mvoglobin, 1016

N

N,. See Nitrogen

netype semiconductors, 940
Nagasaki, 879

Numing compounds. See Nomencluture
xu[‘“hnlcﬂe ‘Cu;"’.]. 1041
Napoleon, 170,492

National lgnition Facility, 885
Natta, Giulio, 1061

Natural gus, 1027

Naturl polymers, 1061, 1065
Negutive deviation. 535

Neon, 84, 355
Neopréne (polychloroprene), 1062
Neothyl, 1044
Neptunium, 881
Nernst, Walther, 828
Nernwt equation, 828
Net fonic equution, 124
Neutralization reactions, 130, 151, 730
Neutron, 45, 863
Neutron activation analysis, 171
Newlands, John, 327
Newton (N), 4, 173
Newton, Sir [suuc, 175
Newton's second law of motion, 4, 17, 178
Nickel, 996
chemical analysis of, 1018
extraction of, 937
Nitrie seid (HNO,), 675, 970
Oswald process in production of, 602
wy oxidizing agent, 970
s strong acid, 675
Nitric oxide (NO), 397, 964
Nitride ion, 967
Nitrogen, 353, 967
banding in, 379, 451
common compounds of, 967 (rable)
prepaation of, 967
Nitrogen cycle, 9012
Nitrogen dioxide (NO;), 623, 649, 969
in smog formation, 920
Nitrogen fixation, 901
Nitrogen narcosis, 201
Nitrogen pentoxide (N:O41, 577
Nitroglycerin, 397
Nitrous oxide N,O (laughing gas), 63, 969
Noble gas core, 308
Noble gases, 50, 355, 358
Node. 287, 444
Noguchi, Thomas, 360
Nomenclature
of ucids, 56
of acids and thewr conjugate buses, 675 (rable)
of alkanes, 66, 1034
of dlkenes, 1034
of dlkynes, 1037
of anions. 57 (table), 1004 (rable)
of aromatic compounds, 1039
ol bases, 64
of cations, 58 (rabie)
of commaon compounds, 65 (table)
of coordination compounds, 1003
of hydrates, 62 ¢
of inorganic compounds, 56, 61
of malecular compounds, 59, 61
of axoncids, 63 (table)
of oxonmons, 63 (table)
of simple scids, 62 (rable) 4
Nonbonding electrons, 378
Nonelectrolytels), 119
Nonelectrolyte solutions, colligative properticy
of, 532
Nonidea] gas behavior. 210
Nonmetal, 48, 956
Nonmetullic elements, 48, 956
Nonmetallic oxides, 356, 975
Nonpolar molecule, £24
Nonspontmeous reactions, 777
Nonstoichiometric compounds, 960
Nonvolutile solutes, 332
Nuclear binding energy, §67
nucledr stability and, 867
per nuclean, 869
of uranium, 878
Nuclear chain reaction, 878

Index I-9

Nuclear chemistry, 862
Nuclear decay series, 870
Nuclear energy

from fission reactors, 879

from fusion reactors, 883

huzards of, 881
Nuclear equation, 863
Nuclenr fission, §77

reactions. 877

reactors, 879
Nuclear fusion, 883
Nuclear reactions, 863

balancing, 863

and decay serics, 870

fission, R77

fusion. 883

moderator of, 879

nuture of, 863

by transmutation, 874, 876
Nuclear reactors, 879, R34

breeder, 881

fission, 879

fusion. 884

henvy water, 880

light water, 879

natural, 82

thermial pollution and, X80
Nuclear stability, 865
Nuclear transmutation, 863, 876
Nuclear wastes. 883
Nuelele acids, 1073
Nucleons. 46, 867
Nucleotide, 1074
Nucleus, 44

density of, 865

radius of, 25, 86S
Nylon (polybexamethylene

adipamide), 1063

Nvlon rope trick. 1063

0

0. See ulso Oxygen
preparation of, 975
properties of, 975
solubility, 528, 531

Op- See Ozone

Octahedron, 417

Octane number, 1049

Octaves, law of, 327

Octet rule, 378
exceptions to, 392

Od‘d-:lcctmn molecules, 393

Of
as fossil fuel, 962, 1048
in ore tion, Y32

Oil, hydrogenated. 604, 962

Olefins. See Alkenes

Oleum, 981

Open system, 232

Optical isomers, 1007, 1032

Qrbituls. See Atomic orbitals; Hybnd orbitals;

Malecular orbitals

Ores. 931
preparation of, 932
mousting of, 917, 933

Organic chemistry, 1025

Organic compounds, 36, 65, 1025

Orgunic polymers. See¢ Polymers

Orientation factor, S04

Orthoclase. See Phosphoric acad

Osmosis, 539

Osmotie pressure (), 539

Ostwald, Wilhelm, 602
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Oswild process, 602

Otto cycle. 1049

Overlap
1o hybridization of womic orbitals, 232
in mokecular orbitals, 444
in vilence bond theory, 429

Overvaltage, 843

Oxalic ueid, 645

Oxidation nuntbers. 135
assignment of, 136, 383
und electronegativity, 383
of halogens, 38

of metals in coardimition compounds, 1002

of nommetallic elements. 138
of transition elements, |38, 998
Oxidution reactions, 133
Oxidation states. See Oxidation numbers
Oxidation-redoction reactions (redox
reactions), 132
balancing equations of, 813
quantitative aspects of, 135
spantaneous, 824
Oxides
acidie, 357,702,975
amphoteric, 337, 702, 975
basic, 357, 702, 975
Oxidizing agent, 134
Oxoacid, 62, 693, Y36
Oxoanion, 63
Oxyacetylene 1orch, 257, 1037
Oxygen, 354, 975
alkall metal reactions with. 349, 943
allotropes of, 52,253, 975
in blood, 531, 651, 732
hemoglobin and, $31, 651, 733,
1016, 1073
molecular arbitul theory of, 444, 450
oxidation number of, 134, 383
paramagnetism. 444
and pholosynthesis, 599, 901
preparation of, 975
Oxygen cycle, Y02
Oxygen-hydrogen fuel cell, B35
Oxygen-propane fuel cell, 836
Oxyhemoglobin, 531, 651, 733, 1014, 1073
Ozone; 32,977
depletion of, 906
preparation of, 977
properties of, 977

resomunce structure of, 390
in smog formation, 920
l)
p Orbitals, 298
P structure of, 971
petvpe semiconductors, 941
Packing efficiency, 480
Palladium, 960, 1018
Paramugnensm, 304, 444, 1012
Parrell, Thomas, 475
Purtial pressure, 195
Dalton's law of, 196
Particle accelerators, 875
Panticle theory of light, 2851
Purticle-wave dudlity, 281, 289
Pascal (Pa), 175
Pascal, Bluise, 175
Passivation, 840
Pating, 840
Pauli, Wolfgang, 303

Pauli exclusion principle, 303, 445, 247, 1012

Pauling, Linus, 381, 1068, 1072
Penetrating power, 304

Pentane (C4H 41, 1028, 1020

Peptide bond. 1066
Percent composition by muss, 83, 522
Percent hydrolysis, 697

Percent ionic churucter, 382
Percent fonizution, 684
Percent yield. 103
Perchloric acid (HCID, ), 63, 673, 695, 986
Perhulic ucids, 986
Penod, 48
Penodic group, 48
Peniodic table, 4K, 327
atomic radif trends i, 335
electron uffinify trends in. 346
electronegativity trends in, 381
families in, 48
groups m, 48
historical development of, 327
jontzation energy trends in, 343
periods of, 48
Permanent wave, 1082
Permunganite ion, & oxidizing agent, 155
Peroxide. 349, 975, 1043
Peroxyacetyl nitrute (PAN), 920
Petroleum, 1048
pH, 671
of acid-base tirations, 731, 735, 738
of acid min, 917
blood, 732
of buffer solutions, 728
common ion effect on, 721
salubility equilibria und, 753
pH meter, 671, 730, 830
Pharmacokinetics, 606
Phuse, 466
Phase changes, 493
effects of pressure on, 504
und entropy, 795
liquid-solid. 499
liguid-vapor, 494
solid-vapor, 502
Phase diagrams, 503, 304, 963
Phenolphthalein, 152, 74|
Phenyl group, 1040
Phosphate buffer, 729
Phosphate rocks. 105, 970
Phosphine, 971
Phospharic ucid (H.PO,), 128, 692, 973
ionization constanty of, 692
Phosphorus, 353, 970
allotropes of, 971
in fertilizers, 108
Phosphorus acid (H,PO,), 973
PhosphorustV) oxide (PO, 972
Phosphorus(111) oxide (P,0,), 972
Phosphorus pentachlorde (PClyy, 972
Phosphorus trichloride (PCI,), 972
Photochemical smog, 919
Phstodissociation, 906
Photoclectric effect. 279
Photons, 279
Photosynthesis, 399, 901,913
carbon dioxide and, 599, 413
chlorophyll in, 1017
wotape applications 1w, 599, 913
oxyeen und, 599, 901
Physical equilibriom, 622
Physical properties, 10
Pi {m) bond, 440
Pl (w1 moleculir orbitals, 445
Pig (cast) iron. 935
Pipet, 12
Pltch. 475
Pitch Drop Experiment. 475

pK, T2
Planck, Max. 275, 278
Planck constunt (), 279
Plane-polarized light, 1007
Plants
in carban cycle, 912
osmotic pressure in. 541
Plasmu, 884
Platinum
as catalyst, 602, 921
s electrocatulyst, $1%
therupeutic uses of complexes of, 1017
Plito, 39
Plutonium-239, K79, 881
pOH, 672
Polar bonds, 380
Palar covalent bonds, 380
Polar molecules, 424
Polar ozone hole, %08
Polar solvent, 120
Polurimeter, 1007
Polarizability, 469
Polaroid film. 1007
Pollution. See Environmental pollunon
Polyatamic jons, 51
Polyatomic molecules, 50
Polychloroprene (neoprene), 1062
Poly-cis-isoprene. 1061
Polycyelic aromatic hydrocarbons, 141
Polydentate ligands, 1002
Polyester, 1063
Polyethylene, 1060
Polyisopropene. See Rubber
Polymests), 1059, 1064 (1able)
Polymerization
by addition, 1060
by condensation, 1063, 1065
Polypeptide, 1068
Polypropenes, 1060
Polyprotic acids, 128, 638
Polytetrafluoroethylene (Teflon), 987, 1060
Poly(vinyl chlonide), 1060
Porphine, 1016
Porphyrins, 1016
Positive deviation, 535
Pusitron, 864
Possium, 349, Y43
Potassium-20, 874
Patassium chlorate (KCI0,), 198, 600
Potassium dichromue (K;Cr-0), 144, 155,813
Potassium hydrogen phihalate, 152
Potassium hydroxide (KOH), Y45
Potassium nitrute (KNO,), 945
Potassium permanganite ( KMn(,), 155, 814
Potussium superoxide (KO,), 349, 943
Potential. See Standard reduction potential
Potential energy, 231
Precipitate, 121
Precipitation reaction, 121, 748
ion separation by fractional, 749
Precision, 22
Prefixes
nomencluture, 60 (rabfe)
Shunit, 13 (table)
Pressure, 175
atmospheric. See Atmospheric pressure
chemical equilibrium and changes in. 646
critical, 499
gas, 174
osmaotic, 534
partial, 195
phase changes and, S04
SI unit, 175
vapor. See Vapor pressure



Pressure cookers, 505
Pressure-volume relationship of gos, 17§
Primary pollutant, 919
Primary structure, 1069
Primary valence, 1000
Principal guantum number (), 284, 205
Probability, in clectron distribution.
294, 298
Problem solving, 25, 27, 79, 680
Product, 91
Propane, 1027
Propane-oxygen fuel cell, $36
Propene, 1035
Properties
chemical, 11
extensive, 11
intensive, 11
macroscopic, 162
microscopie, 12
physical. 10
Propyne (methylacetylenc), 1037
Protein, 1068
deanured, 774, 1073
structure of, 1068
Protium, 960
Protan, 44, §63
Proust. Juseph L. 40
Preudo first-order reaction, 583
Pyrex gluss, 493
Pyrite, 978
Pyrometallurgy, Y33

Q

Quislrutic equation, 680, A-14
Qualitutive analysis, 761
Quulitative data, 4
Quuntitutive analysis, 149, See also Acid-buse
rations
gravimetric, 149
of redox reactions, 155
Quantitptive daty, 4
Quantum, 278
Quantum dot, 312
Quantum mechanics, 294
Quantum numbers, 205
angular momentum, 296
clectron spin, 296
magnetic. 296
principul, 284, 295
Quantum theory, 275
Quartz
crystalline, 490
melting point of, 490
structure of. 493
Quaternary structure, 1069
Quicklime. See Calcium oxide

R

Rucemic mixture, 1007
Rud, 888
Radiant energy, 231
Radiation, 41
biological effect of, K88
climate and. 913
electromagnetic, 277
ionizing, 889
solar. See alvo Solar radistion
Rudintion dose, 889
Radicals, 393, 889, 1032
Rudioactive decay series, 870
Rudioactive isotopes, 8856
Rudioactive waste disposal, 883

Rudionctivity, 43
artificiul, 875
biological effects of, 888
nitural. 870
nuclear stability and, 863
Rudiocarbon dating, 586, 873
Rudiotracers, 886
Radium, 888, 898
Ruulius
atomie, 335
{onic, 338
nuclear, 865
Radon, 358,921
Ranway, Sir William, 35§
Raoult, Francols M. 332
Raoult’s law, §32
Rure carth series. 310
Rute constunt, 567
Rute-determining siep, 593
Rute law, 571
Rate of resction, 363
und stoichiometry, 569
Ruyy
alpha. 43
betit, 43
gamma, 43
RBE (relative biological effectivencss), 858
Reactants, 91
Reaction. See Chemical reasctions; Nuclear
reacuons; Thermochemicul reactions
Reaction mechanisms, 594
clementiry steps, S99
experimental study. 598
und molecularity of reaction, 594
Reaction order, 571
determination of, 571
first-order, 53735
second-order, S82
zero-order, 585, 607
Reaction guotient (Q. ), 639, 744, 796, 825
Reuction rate. 563
Reaction yield, 103
Reactors. See Nuclear reactors
Red blood cells (erythrocytes), 732, 10172
Red cabbuge, 741
Red phosphorus, 971
Redox reactions, Sev Osidation-reduction
reactions
Redox titration, 155
Reducing sgent. 134
Reduction potential. See Stundurd reduction
potential .
Reduction reagrion, 133
eleatrolytic, 933
of minerals, 933
Refining of metls, 937
Relutive biological effectiveness
(RBE), 888
Relativity, theary of, 868, 875
Rem, 888
Representutive (muin group) elements, 330
Residue, 1068
Resonance, 390
Resonunce structure, 390
Reversible reaction, 121
Revenible renaturation, 1073
Ribonucleic acid. See RNA
RNA. 1073
Roasting of ores, 917, 933
Rocks
age determinution of, 873
phosphate, 108, 971
Riintgen, Wilhelm, 42
Rott-mean-square speed, 206
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Rotation
ahout bonds, 1036
molecular, 782
of plase-polarzed light, 1007
Rotational motion, 782
Rubber (poly-cis-isopropens). 1061
natural, 1061
structure, 801, 1062
synthetie, 1062
thermodynamics of, 801
vulcanization, 1062
Rubbing Gsopropyl) alcobol, 1043
Ruby laser, 288
Rust, 4, 8§39
Rutherford, Ernest. 44, 328, 874
Rydberg. Johunnes, 284
Rydberg constant (Ry), 284

S

s Orbitals, 297
S strugture of, 479
Suctificiul anode. 841
Saltis), 130

hydrolysis of, 696
Salt bridge, 816
Salt hydrolysis, 696
Saltpeter (KNO, ), 945
Saponification, 1046
Saturated hydrocarhons. 1027

See also Alkanes
Saturated solutions, 519
SBR (styrene-batadiene rubber), 1063
Scanning electron micros¢ope, 292
Scutrering experiment, 44
Schrisdinger, Erwin, 294
Schrodinger equntion, 294
Sclentific method, 4, 6
Scientific notation, 18
Scuba diving, 200
Seawater, 200
Second law of motion, 4, 17, 173
Second luw of thermodynamics, 783
Secondury pollutant, 919
Secondary structure, 1069
Secondury valence, 1000
Second-order reactions, 382
Seed crystuls, 519
Semiconductors, Y40
Semipermeuble membrane, $39
SHE {sundard hydrogen

electrode), 818
Shell, 296
Shiglding constunt, 334
Shiclding effect. 328, 333
Shroud of Tunn, 587
St units (International System of
Units), 12

Sickle cell anemis, 202, 1072
Sigma () bomds, 440
Sigma (o) molecular orbital, 444
Significant figures. 19, 672 A-13
Silica glays. See Quartz
Silicon, 352

doping of, %40

purification of, 938
Silicon carbide (SiC; carborundum), 964
Silicon dioxide (S10,), 400, 493
Silk, 1069
Sliver

corrosion of, 840

extruction of, Y65

{onization energy of, 356
Silver bromide (AgBr), 746, 988
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Silver chloride (AgCT)
fractional precipitition of, 749
gruvimetric anulysis of. 149
solubility and, 742
Silver jodide (Agl), 988
Simple cubic cell (scc), 479
Simplest formula, 53, 88
Single bond. 378
Slag, 935
Sluked fime [calcium hydroxide.
CatOHy, ], 948
Smelting of ores. 917,933
Smog, 919
Stowmaking, 240
Soup, 348
Suda ash (sodium carbonate, NuC0y), 945
Soda lime gluss, 493
Sodium, 349, 943
production of. 943
reaction with water, 139
Sodium acetate (CH,COONa), 519,721, 725
Sodium acetare-neetic acid system, 721, 725
Sodium carbonate (N3;CO; sodi ash), 945
Sodium chlonde (NuCl), 54, 376
electrolysis of agueons, 843
electrolysis of molten. 841
melting ice with, 537
structure of, 34
Sodium fluonde, 987
Sodium hydroxide (NsOH; caustic soda), 945
n saponification, 1046
in titrations, 152, 731
Sodium nitrute (NuNO,), V45
Sodium peroxide. 350
Sodium stearate, 548
Sodium tripolyphosphate, 1020
Soft wuter, 126
Solar energy. 231
Solar radiation
ns energy source, 231
In hydrogen preparation, 962
oxygen balance and, 906
azane profecting from. 907
Solder. 519
Salids
characteristic properties of, 10, 466
solutions of, in fiquids, 519
temperature and solubility of, 527
See alvo Crystal(s)
Solid-vapor equilibrium, 502
Solubility, 122, 745
common jon effect and, 75|
gas, 528,529, 531
molar, 745
rules of, 122
and temperature, 527
Solubility equilibria, 742
comman lon effect und. 751
comples jons und, 756
in fractional precipitation, 750
pH and, 753
Solubility product, 742, 743 (uuble)
molar solubility and, 747 (rable)
qualitative unalysis of, 761
Solubility rules, 122
Solutes, 119
nonvolatile. 533
volutile, 533
Solution(sy, 119
concenirution umis, 145, 322
dilution of, 147
electrolyte, colligative properties of, 544
heat of, 259
ideal, 534

isotonic, hypertonic, and hypotonic, 340
nonelectrolyte, colligative properties
of, 332
sarurated, 519
standard, 151
stock, 147
supersatursited, 519
types of. 519
unsaturnted, 319
Soldtion process, 520
Solation stoichiometry, 149, 151, 155, 730
Solvation, 521
Solvay, Emest, 945
Sulvay process, 945
Solvent, 119
Somatic effects of radianion, 889
Sorensen, Soren P, 671
sp Hybndizaton, 433, 44|
sp° Hybridization, 434, 440
sp’ Hybridization, 431
sp’dd Hybridization, 439
sp’d’ Hybridization, 439
Space shuttle glow, 906
Spoce-filling model, 53
Specific heat (5), 246
Spectutor lons, 124
Spectrochemical series, 1012
Spectrum
uhsarption, 365, 1011
emission. 282
visible. See Visible spectrum
Speed
of electromagnetic woves, 277
of light. 277
Maxwell speed distribution, 204
Muost probable, 204
Root-mesn-square, 206
Spin. See Electron spin
Spontianeous processes, 777, 790
Square plunar complex. 1006
Stability
belt of, 988
nuclear, Y88
Stability constant. See Formation constant
Suble nucleus, 988
Stainless steel, 937
Stalactites, 720
Stalugmites, 720
Swundard stmospheric pressure, 176
Standard cell potential, 818
Standard electrode potential, X 18
See alyo Standand reduction potentiu)
Stundurd emf, 818
Stundard enthalpy of formation (AL]).
253, A-8
Standard enthalpy of redetion, 253
Standard entropies (57), 782, A-§
Standard entropy of reaction, 784
Standard free encezy of formation (AG)),
791, A8
Standard free energy of reaction, 79
Stunidurd hydrogen electrode (SHE) §18
Standard reduction potential, 818, 821 (rable)
of transition clements, 997
Standard solution, (51
Stndard stte, 253, 790
Stundard temperature und pressure (STP), 188
Standing waves, 287
State
excited, 284
ground, 284
oxidation. See Oxidation numbers
standard, 253, 790
thermodynamic, 234, 790

State functions, 234
State of o system, 234
Staudinger, Hermann, 1059
Steel, 935
Stereoisomers, 1006, 1032, 1061
Stern, O, 297
Stock. Altred, 57
Stock solution, 147
Stock system, 57
Stolchiometric amotints, 99
Stoichiometry, 95
actunld, theoretical. and percentage yiclds
in. 103
and gas reactions, 193
rate ol reaction amd, 569
Stone leprosy, Y16
STP (standard temperature and pressure), 185
Strmght-chuin alkanes, 66, 1027
Strutosphere, Y04
Strength
of acids and bases, 131, 673
molecular structure and acid, 692
Strong acuds, 673
Strong bases, 674
Strang-field ligands, 1012
Strontium, 351
Strontium-90, 351
Structural formula, 53
Structural isomers, 1027
Structure, acid strength and, 691
Strutt, John Willinm (Lord Ruyleigh), 288
Styrene-hutadiene rubber (SBR), 1063
Subatomic particles. 46, 863
Subcritical mass, 878
Sublimution, 302
Subshell, 296
Substance, 7
Substituted alkanes. optical isomerism
of. 1032
Substitution reactions, 1040
Substrates, 605
Subunits, 1016, 1069
Sulfur, 354, 491,978
allotropes of. 979
combaustion of, 138, 235
comman compounds of, Y81
deposits at volcanie sites, 911
extraction by Frasch process, 978
In vulcanization process, 1062
Sulfur dioxide (SO, 980
in acid ruin, 917
Lewis structure of, 417
Salfur hexafluoride (SF,). 394, 417, 499, 981
Sulfur tetrafluoride (SF,), 419
Sulfur moxide (SO, ), 917, 980
Sulfuric scid (H,S0,), 12K, 980
in batteries, 833
us diprotic acid, 128, 690, 980
heat of dilution. 260
as oxidizmg agent, 981
production of, 980
as strong acid, 673
Sun, See wlso Solur radiation
emission spectrum of, 324, 913
nuclear fusion in, 883
Supercanductors, 488
Supercopling, 501
Superoxide fon, 349, 975
Supersaturated solution, 519
Surfoce tension, 473
Surroundings. 232, 786
Syndiotactic palymers, 106]
Syngas, 966
Synthetic rubbers (eluastomers), 1062



System
closed, 232
defined, 232
isolated, 232
232
stute of. 234

T

Technetium-99, 887
Teflon (polytetrafluoroethylene), 987, 106()
Temperature

chemical equilibrin und changes, 648

critical, 499

und rute of reaction, 588

solubility and, 527

and water vapor pressure, 199 (table)
Temperature scales

Celsius, 15, 182

Fahrenheit, 15

Relvin, |5, |82
Temporary dipole. 469
Termites, 1027
Termoleculur reactions, 594
Ternary compound, 37
Tertiary structure, 1069
Tetracarbonylnickel [Ni(CO,)], 937
Tetraethyllead [(C,H:LPB), 1050
Tetrahedrul complex, 1006
Tetmhedron, 416
Theorctical vield, 103
Theory, 5
Therapeutic cheluting awents, 1018
Thermul encrgy, 231
Thermul motion, 20§
Thermal (slow) neutrons, 877
Thermul pollution, 528, 880
Thermite reaction, 258, 949
Thermochemical equatjon, 243
Thermochemistry, 232
Thermodynamic efficiency, 791, 836
Thermodynamics, 234, 776

first law of, 2

in living systems, 800

second law of, 783

third law of, 787
Thermonuclear bomb, 885
Thermonuclear reactions, 883
Thermosphere, W4
Thioacetamide, 980
Thiosulfite jons, 886
Third law of thermodynamics, 787
Thomson, George P, 291
Thamson, Joseph J.. 42, 43
Thonum-232. 881
Three Mile Islund nuclear reactor, 883
Threshold frequency, 280
Thymine, 1074
Thyroid gland, 887
Thyroxine, Y88
Time

Stunitof, 13
Tin, 352 492
Tincture of iodine, 988
Titanium dioside, 710
Titanium(T1T) chionde (TiCH, 1061
Titrution

ucid-base, 151, 730

redox, 155
Tiration curve, 731, 735, 738
Tokamak. 884
Toluene, 534
Tooth decay, 840
Torr, 176

Torricelli, Evangelisty, 176
Toxicity

of ursenic, 170, 1083

of carbon dioxide. 531, 924

of carbon monoxide, Y24

of carbon tetrachloride, 1032

of chloroform, 1032

af eyinide, 964

of denterium oxide, %61

of formaldebyde, 924

of gases, 174

of hydrogen sulfide, Y80

of methanol, 1043

of ozone, 920, 978

of plutonium-239, 881

of radon-2223, 922

ol smog, 919

ol strontium-90, 5]

of sulfur dipxide. Y80

of tetracarbonynickel, 937

of white phosphorus, 971
Tracers, 886
Trans 1somers. See Cls-trans somers
Transition metal(s), 57, 310,

329, 995
electron configuration o,
333, 996

axidation numbers of, 138, Y98

propertics of, 996
Trunsition meml oxides, 703
Transition state, 589
Translational motion, 782
Transmutation, nuclear, 874, 876
Trunspiration, S41
Transuraniom elements, 876 (rable)
Triethyluluminum | AICH, ), 1061
Trigonal bipyramud, 416
Trinitrotoluene (TNT), 879
Triple bonds, 379, 44)
Triple point, 503
Tripolyphosphate, 1020
Tripositive jon, 338
Triprotic acid, 128, 692
Tritinm. 46, 875, Y60
Trona, 945
Troposphere, $M4
Tyndall, John, 547
Tyndall effect, 547
Tyvek. 1060

U

Uncerminty prnciple, 293
Unimoleculur reaction, 594
Unipositive ion, 338
Unit, 81, 12
Unit cells, 477 y
Unsaturated hydrocarbons, 1034
Unsaturated solutions, 319
Unshured electron pairs, 378
Uranium

fission producy of, 577

isotopes of, 47
Urmmium decay serics, 871
Uranium oxfde (L0,1 880
Uranium-235, 47, 877. 878, 879
Uraninm-238, 47, 881

ubundance of, B%1

duting with, 873

decay of, 871
Uren

in fertilizer, 108

preparation of, 1026

treatment of sickle-cell anemin, 1072

Index I-13

Vv

Valence, 1000
Vitlence hand, 939
Valence bond theory, 429
Valence electrons, 330
Valence shell, 413
Valence shell expunsion, 439
Valence-shell electron-pair repulsion (VSEPR)
model, 413
and molecules in which central atom has no
lone puirs. 413
and molecules in which centrul atom has
ane or more lone pairs, 417
Vauline, 1074
Van der Waals, Johannes D., 211
Van der Waals constants, 212 (rabie)
Van der Waals equation, 212
Van der Waals focces, 467
Van Meggeren, Han, 894
Vaunadium oxide (V,04), 981
van't Hotf, Jacobus, 534
vun't Hoff factor (/), 544
Vapor, 174
Vapor pressure, 199, 404
Vaportizution (evaporation). 494
entropy and, 781
molir heat of. 495. 496 (ralie)
Vupar-pressure lowering, $32
Vector, 424
Vermeer. Jan, 9%
Vibrutionn) motion, 782, 013
Viscoelastic, 475
Viscosity, 474
Visible spectrum, 278, 1011
Vision, 1036
Vitamin C, 678
Volatile solutes, 533
Volcuanoes, 911
Voli, ¥24
Voltage. 817, See also Electromotive force
Voltaic (galvanic) cell, 816
Voltmeter, 817
Volume, 11
ehermical equilibria and changes in, 646
constunt, 247
ST unit of, 14
Volumetric flask, 12, 146
VSEPR. See Valence-shell electron.pair
repulsion model
Vulcunization, 1062

W

Waage, Pater, 624
Waste disposal. radioactive waste. 883
Witer
ucid-base properties of, 668
autolonization of, 669
density of, 476
dipole moment of, 425
clectrolysis of, 842
fluondation of, 987
lard, 126
hydrogen bandls in, 475
ion product constant (K, ) of. 669
as moderator, 879
phase diagram of, S04
woft, 126
specific heat of, 247, 475
structure of, 475
surface fension of, 473
vapor pressitre of, 199 (tabie)
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Witer—{cont, )
vibrutional motions, 782, Y13
viscosity of, 474
Waier gas 938
Water vapor, pressure of, 199 {table)
Watson, Jumes, 1074
Wi, 951
Wave function, 204
Wave mechanics, 294
Wavelenath, 275
wolor and. 278, 1011
radistion and, 277
Wave-particle duality, 279, 287
Waves, 225
wmplitude, 275
electromugnetic, 277
frequency, 275
mterference, 444
length, 275
propertics of, 275
stunding. 288
Weak aciuds
defined, 674
ionization constunts of, 678, 690
strong base resctions with, 734
Weak hases
defined, 675

lombzution constants of, 685
strong scid reactions with, 737
Weak-ficld higands, 1012
Weight, 13
HEOMIE. See Atomie miuss
molecular. See Moleculir mass
percentage, composition by, See
Percentuge composition
Werner, Alfred, 1000
White lewd [Phy(OH (CO; ), ), 898
White phosphorus, 971
Wohler, ., 1026
Woaod alcobol, See Methanol
Wood's metsl/ 61
Waork, 231, 236
electncal, 824
free energy and, 824
and gas expansion, 237
Work function, 280

X

X rays, 42
diffraction of, 484
periodic table and, 328
Xenon, 355

Y

Yields
petual, 103
percent, 103
theoretical, 103

Z

Zero electron density (node), 287, 444
Zero-order reactions, 585, 607
Ziegler, Karl, 1061
Zinchlende, 486
Zinc
in baneries, 832
cathodic protection with, 840
Zine sulfide (ZnS), 42
Zone refining, 938




