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Hig Bang theory, 6
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Binding energy. See Nuclear
binding energy
Biolagical effects of radintion, 890
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Bohr, Nicls, 284
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Boltzmann, Ludwig, 202
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coordinate covalent, 395
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dative, 395
double. See Double bonds
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enthalpy, 400
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ionic, 372, 374
length, 381
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sigma, 442
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Bose. Satyendra. 208
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Bragg, Sir William L., 457
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decomposition of, 632, 795
production of fron, 936
sulfur dioxide removal with, 920
Caleium hydroxide [CatOH),:
sluked lime), 949
Calcium oxide (Ca0; guicklime),
372, 920, 949
Calcium phosphue, 762, 975
Calorie, 250
Calorimeter
constant-pressure, 25|
constant-volume bomb. 248
Culorimetry, 246
Cuncer, 893, 1020, See alyo
Carcinogenicity
Capillury action, 475
Carbides, 966, 1039
Carhon, 354, 965
allotropes of, 52, 254, 456,
965, See alto Diamond;
Ciraphite
atorme mass of, 76
in inorganic compounds, 56
phase dingram of, 965
in steelmaking., 938
Carbon cycle, 914
Carhon dioxide (CO;), 967
ucidic properties, 7035
bond moments of, 426
climate and, 914
enthalpy of formation of, 256
indoar pollutant, 926
phase diagram of, 506
photosynthesis and, 601, 915
solid (dry ice), 506
solubility of, 333
toxicity of, 533
Carbon disulfide (CS;), 983
Curbon-12, 76
Carbon-14, 588, 875
Carban- 14 dating, 588, 8§75
Curbon monoxide (CO). 967
enthalpy of formation, 258
from nutomotive emissions,
605, v21
hemaglobin affinity for, 926
indoor pollutant, 926
metsl purification with, 939
toxicity of, 926

Carbon tetrachlonde (CCly),
381, 1034
Carbonae ion, 388, 392, 455
Curbonic acid (H,C0,), 636,
690, 707
formution, 707, 734
ionization constunts, 692
Carbonic anhydrase. 734, 762
Carbony! group. 1046
Carborundum, 966
Carboxyhemoglobin, 926
Carboxyl group, 1046
Carboxylic acids, 1046
achd strength, 697
Carcinogenicity
of amines, 1048
of ethylene dibromide, 990
of polyeyelic aromuie
hydrocarbons, 1043
of radiation, 891
Carothers, Wallace, 1065
Cast (pig) iron, 937
Catulysis. 601
aur pollution reducuon by, 604
enzyme, 606
heterogeneous, 603
hamaogeneous, 605
Catalysts, 601
in catalytie converters, 604
effects of, an equilibrium, 652
enzymes as, 606
heterogencous, 603
homogeneous, 605
Natts-Ziegler, 1063
Catalytic converters, 604
Catalytic e constant (&), 602
Cutenation, 965. 1028
Cathode. 41, 818
Cathode ravix), 41
Cathode my whe, 41
Cathodic protection, 342
Cations, 5]
electron configuration of, 334
hydrolysis of, 700
identification of, 763
fonic radius of, 339
nomenclature of, 5§
Cuustic sodu. See Sodium
hydroxide
Cell diagram, 819
Cell potentinl, 819
Cell voltage, 819, See also
Electromotive force
Cellulose, 720
Celsius temperuture scale, |5
Cementite. 933§
Cesium, 351
Chadwick. Jumes, 45
Chain reaction, nuclear, 880
Chalcopyrite (CuFeS,), 1001
Chalk, 949
Chargaff, E_, 1075
ChargalT™s rule, 10735
Charge ¢loud (electron charge
clond), 297
Charge-to-mass tatho (¢/m), 41
Charles, Jucques. 181
Churles's law (Charles”s and
Gay-Lussac's law), 182



Chelating ugents, 1004
Chemical analysis,
See wlso Qualitative nnalysis:
Quantitative analysis
with coordinution
compounds, 1020
Chemicul energy, 231
Chemical equations, 90
balanced. See Balancing
equutions
free elements in, 334
interpretation of. 91
Chemical equilibrium, 121, 624
Chemical formulas, 52
empinical, 53, 88
moleculur, 52
structural, 53
Chemical kinetics, 565
Chemical properties, 11
Chemical reactions, 90
weid-buse, 130, 151,732
addition, 606, 1037, 1061
of alkanes, 1033
of alkenes. 1036
of alkynes, 1039
of gromatic compounds, 1042
bimalecular, $96
combination, 137
cambustion, 139
condensation, 1045, 1065, 1067
of coordinution compounds, 1017
Dalton's definition of, 39
decomposition, 139
displacement, 139
disproportionation, 142
finst-order, 577
guses in, 193
hall, 133
half-cell, 818
metuthesis, 121
neatrnlization, 130, 151,732
nuclear reactions compured
with, 865
oxidation-reduction, See
Oxidation-reduction
redctions
precipitation, 121, 750
rate of. See Rate of reaction
second-order, 584
spontancous, 779, 785, 791
substitution, 1042
1ermolecular, 596
thermite, 951
unimoleculur, 596
reromorder, 387, 609
Chemistry, 2
Chernobyl, 885
Chile saltpeter (NaNO), 947
Chiral molecules, 1009, 1034
Chlor-slkali process, 986
Chlonne, 356, 984
preparation of, 986
uses of. 989
Chlonne monoxide (C1O), 909
Chlorofluorohvdrocarbans
(CFCs), 909
Chloroform (CHC,), 1034
Chlorophyll, 1019
Chlorous acid (HCIO,), 63, 989

Cholesterol, 1049
Chromium, 312, 998
Chromosomes, 891
Cinnamic aldehyde, 1046
Cisplutin, 1020
Cis«trans isomers
of alkenes, 1036
of coordination compounds, 1008
Clupeyran, Benoit, 498
Cluusius, Rudolf. 498
Clausius-Clapeyron equation, 498
Climate
curbon dioxide and, %14
effects of wuter on, 477
Closed system, 232
Closest packing, 482
Cloud seeding. 990
Coal, 965
Coal gasification, 968
Cohesion, 475
Coinage metals, 358
Coke, 936
Colligative properties
ol electrolyte solutions, 546
ol nonelectrolyte
solutions, 534
Collision theory, 59
Colloids, S48
Color
ol glass, 495
of indicators, 743
of trnsition metal jons, 1012
wavelength und, 280, 1012
Color wheel, 1012
Combination reaction, 137
Combustion, 139
of acetylene, 258, 1039
of alkanes, 1033
of hydrogen, 11,232
of methane, 243, 1033
of sulfur, 137, 235
Commaon lon effect
acid-bose equilibrin und, 723
solubility and, 753
Complex ion(s), 758, 1002
magnetic properties of, 1014
solubility equilibria and, 758
See also Coordination
compounds
Complex 1on formation, 758
Compounds, 8
anhydrous, 64
aromatic, See Aromatic
hydrocarbons
coordination. See Coordimation
compounds
m Dalton’s theory, 39
inorganic, 56
jomic, 51, 54,374
molecular, 59
nonstoichiometric, 962
organic, 56, 65, 1028
Concentrution, 145, 524
chemical equilibria and
chunges in, 647
effects on emf, 829
Concentration ceils, 833
Concentration of solution,
145, 524

Concentration units, 145, 524
, 526
molality, 525
molanty, 145, 525
mole fraction, 197, 525
percent by mass, 524
Condensutive, 497
Condensation reactions, 1045,
1065, 1067
Conduction band. 941
Conductivity
of metals, 493, 941
of nenmetallic elements, 942
Conductor, 942
Conjugate scid, 669
Conjugate noid-base puir, 669, 689
Conjugate base, 669
Constant-pressure calorimeter, 251
Constant-volume bomb
calonmeter, 248
Constructive interference, 446, 487
Contact process, 983
Control rods, 882
Cooling curve, 503
Cooperitivity, 1072
Coordinate covalent bonds, 395, 706
Coondination compounds, 1002
applications of, 1018
bonding in, 1011
in living systems, 1018
mugnetic properties, 1014
numing, 1005
oxidation number. 1004
reactions of, 1017
stereochemistry of. 1008
Coordination number, 481, 1003
Coondination theory of Wemner, 1002
Copolymer, 1065
Copper, 1001
corrosion of, 842
electron configuration of, 312
lonization energy of, 358
metallurgy of, 1001
purification of, 939
Copper carbonate (CuCOy;
patina), 842
Copper sulfute (CuSO, ), 63
Core
atomic. See Nucleus
noble gas, 310
nuclear resctor, 882
Core clectrons, 332
Corona, 326
Corrosion, 840
Corundum (Al;05), 950
Coulomb (C), 826. 847
Coulomb, Charles, 374
Coulomb's law, 374, 867
Coupled reactions, 802
Covalent bonds, 379
coordinate, 395
polar, 382
Covalent compounds, 379
Covalent crystals, 492
Covalent hydnides, 961
Crucking process, 1037
Crenation, 543
Crick. Francis, 1076
Critical mass, 880

Index

Critical pressuce (P,), 501
Critical temperature (7,), 501,
502 (rable)
Crown cther, 932, 946
Crude oil, 1050
Cryolite (Nn;AlF,), 950
Crystal(x), 488, 493 (able)
covalent, 492
jonic, 488
metallic, 493
molecular, 492
X-ray diffraction by, 486
Crystal field splining, 1012
Crystal held theory, 1011
Crystul structure, 478
Crystalline solids, 478
Crystallization, 521
fractional, 529
Cubic close-packed (cep)
structure, 483
Cubic unit cell, 480
Curie (Ci), 890
Curie, Marie, 43
Curie, Pierre, 43
Cyanide, Y66
Cycloalkunes, 1035
Cyclobexane, 1035
Cyclotron, 877
Cytochrome ¢, 1019
Cyochrome oxidase, 966
Cytosine, 1175

D

o Orbitals, 301, 1011
and crystal field theory, 1011
hybridization of, 441
Dacron, 1065
Dalton (womic mass unit), 76
Dalton, John, 39
Dalton's atomic theory, 39
Dalton’s law of purtial
pressures, 196
Daniel cell, K18
Dt 4
Dating, radionuclesr, 588, 875
Dative bonds, 395
Davisson, Clinton, 293
de Broglie, Louis, 289
de Broglie's hypothesis, 289
Debye (D), 426
Debye, Peter J., 426
Decay series. See Radioactive
decay series
Decomposition reactions, 139
Definite proportions, law of, 40
Drelocalized molecular orbitals. 454
of benzene, 454
of curbonate iop, 455
of metals, 493, 94|
Demaocritus, 39
Denaturant, 1075
Denutured alcohol, 1045
Denatured proteins, 776, 1075
Denitrification. 904
Density, 11
gue 190
of nucleus, 867
water, 478
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Dental amalgam, 343

Decxyhemoglobin, 1019, 1072

Deoxynbonucieic acid (DNA),
See DNA

Deposition, (8

Derived Slunits, 14

Destructive interference, 446

Detergents, 1022

Deuterium, 46, 962

Deuterium oxide (D-0; heavy
water), £82, 062

Deviation from ideal gas
behavior, 210

Dextrorotatory isomens, 1009

Diagonal relationship, 350, 706, Y61

Diagonal rule, 824
Diamagnetism, 300
Diamond
as allotrope of carhon, 52,
254,965
entropy of, 784
structure of, 492
synthetic, 965
_ Diuphragm cell, 986
Dialysis, 548
Dimomic molecules, 50
heteronuclear, 916
homonuclear, 450, V16
Dichloroethylene, 427, 1038
Dichromate jon. 155. 815
Dicthyl ether, 1045
Diffusion, gaseous, 207
Dilution of selutions, 147
Dimensional analysis, 23
Dimethylglyoxine, 1020
Dinitrogen pentoxide (N,0y), 579

Dinitrogen totroxide (N,O,). 624. 650

Dinosaurs, 36
Dipeptide, 1067
Dipolar ion, 1067
Dipole moments (), 425, 427
(lable)
Dipole-dipole forces, 469
Dipole-induced dipole. 470
Dipositive fons, 340
Diprotic scids, 128, 690
lonizaton constant of, 692
Dispersion forces, 471
Displacement reactions, 139
Disproportionation reactions, 142
Distillation
fractional, 537, 1050
metal parification by, 939
Distribution, 781

DNA (deoxyribonueleic acid), 1075

cisplatn binding to, 1020
electron micrograph, 1076
fingerprinting by, 1078
structure of, 1077

Dolomite, 948

Danor atom, 1003

Donor impurity, 942

Doping, 942

Double bonds, 381, 442

Doubling time, 853

Downs cell, 843

Dry cell batteries, 834

Dry ice, 65, 506

Dynamic equilibrium, 497

E

Earth
age of, 76
composition of, 49 {rable)

EDTA (ethylenediaminetetmacetute ).

1003
treatment of metal poisoning
with, 1004
Effective nucleur charge, 336
Efficiency, 793
Effusion, gaseous, 209
Egg

}ormmion. 762
hard boiling. 507, 776
Einstein, Albert, 40, 208, 281, 870

Einstein's mass-energy equation, 870
Einstein’s relativity theoey, 870, 877
Elasiomers (synthetic rubber), 1064

Electrical work, 826
Electrocatalysts, 838
Electrochemical series. 140
Electrochemistry, 813
Electrode(s), 818

anode, 818

cathode, 818
Electrode potentinl, See Standard

reduction potential

Electrolysis, 843

of aqueous sodium chloride, 845

metal purification by, 939
of molien sodium chloride, 843
quantitative aspecty of, 847
ol water, 844
Eleetrolytels), 119
strong, 120
weak, 120
Electrulyte solutions, colligative
properties of, 556
Electrolytic cell, 843
Electromagnetic rudiation, 279
Electromagnetic wuve. 278
Electromotive force (emf), 819

effects of concentration an, 829

standurd, 821
Electron(s), 41
charge-to-mass ratio of, 41
nonbonding. See Lone pairs
probability distribution of, 300
valence, 332
Electron affinity (EA), 347,
348 (rable)
Electron capture, 869
Electron charge, 41
Electron churge cloud, 297
Electron configuration, 304
anions, 335
~Aufbau principle and, 310
‘cations, 334
dinmagnetism und
paramagnetism in, 303
electron assignment t orbimls
in, 304
ground stute, 304, 311
Hund's rule und, 307
und molecular orbitals, 448
Paull exclusion principle
und, 305
and shiclding effect, 306

Electron density, 297
Electron microscope, 294
Electron probability, 206, 300
Electron spin, 298, 304

in coordination compounds, 1014

Hund's rule and, 307
Puuli exclusion principle
and, 303
Electron spin quantum number
(m,). 298
Electron subshell, 298
Electron-dot symbols, 371
Electronegativity, 382
Elementary particles, 865
Elementary steps, 596
Elements, 7
abundunce, 49
atomic mdii of, 337
clussification of, 48, 331
denvation of names and
symbols, A-1
electron affinity of, 347
clectronegativity of, 382
essential, 49

ground state ¢lectron configurn-
tioms of, 311 (rable), 331
Ionization energies of, 344 (1able)

periodic and group properties
of, 349

representative. 332

symbols of, 8 (rable)

transuranium. See Transutaniim

elements
Eml. See Electromotive force
Emission spectra, 284
Empirical formula, 33, 88
Emulsion, 549
Enantiomers, 1009
End point, 74|
Endothermic process, 233
Energy, 231
chemical, 231
crystal field splitung, 1012
of hydrogen atom, 286
lonization, 342
kinetic. Ser Kinetic encrgy
luttice. See Lattice energy
law of conservation of, 231
moss-¢nergy conversion, 870
molecular orbital energy lovel
dingram, 447
nuclear binding. See Nuclear
hinding energy
potential. See Potential energy
solar. See Solar radiation
thermul. See Heat
unit of, 202
Energy changes
in chemical resctions, 242
and first law of
thermodynamics, 234
Enthalpy (#), 241
and Born-Haber cycle, 374
standand, 254
Enthalpy of reaction, 242
Enthalpy of solution, 260
Entropy (5), 780
absolute, 784, 790
changes, 782

und microstate. 781
phase transition, 782, 797
stundard, 784
Environmental pollution
acid rain, 704, 918
Freon, 909
nuclear wastes, 885
sulfur dioxide, 919
thermal, 330, 882
Enzyme(s), 606
alcuhol dehydrogenase, 608, 1044
curbonic unhydrase, 734, 762
catalysis of, 606
eytochrome oxidase, 966
hexokinase, 607
HIV-protease, 457
lock-und-key model of, 607
Enzyme-substrate intermediate
(ES), 608
Equanon
Arrhenius. 591
Boltzmann, 782
chemical, %0
Cluusius-Clapevron. 498
Einstein, §70
Henderson-Hasselbach, 724
ideal gus, 154
jonie, 124
molccular, 123
Nernst, 830
net ionic, 124
nuclear, 8635
redox, 815
Schrodinger, 296
thermochemical, 243
van der Waals, 212
Equatorial position, 418
Equilibrium, 121, 624
catalyst effect on, 652
and chemical kinetics, 639
and concentration changes, 647
dynamic, 497
free energy and, 798
heterogeneous, 632
homogeneous, 627
liguid-solid, 501
liguid-vapor. 496
multipie, 635
solid-vapor, 304
and wemperimure changes, 650
volume und pressure changes
and, 648
Equilibrium constant (X)), 626, 799
balanced equation and. 637
and equilibriom concentetion
caleulutions, 643
m hewerogeneous equilibrium, 633
in homogeneous equilibrium, 627
and fuw of mass action, 626
in multiple equilibria, 635
units, 629
Equilibrium vapor pressure, 497
Equivalence point
n acid-base titranons, 152, 732
i redox ttrations, 155
Erythrocytes. See red blood cells
Escape velocity, 207
Essential elements. 49
Esters, 1047



Ethane (C,H,). 1029

Ethunol (CHOH), 88, 104

Ethery, {45

Ethyl acetate (CH,COOC,H,),
605, 1048

Ethyl group (C,Hy), 1031

Ethylene (CH,), 1033

bonding in, 381, 442
i polymerization, 1062

Ethylene dibromide, 990

Ethylene glycol [CHy(OH)CHy(OH)),
540, 145

Ethylenediamine, 1003

Ethylenediominetetraacetate,
See EDTA

Enrrophication, 1022

Evaporation, See Vaporization

Excess reagent, 99

Excited level (excited state ), 286

Exothermic processes, 233

Expanded octet, 395

Expunded vulence shell, 395, 441

Explosives, 881, 945, 976

Exponentisl notation, See
Scientific notation

Extensive properties, 11

F

[ Orhitals, 301, 312
Face-centered cubic unit cell (fee),
481,483
Factor lubel method, 23
Farenheit lemperuture scale
Sex Tempersture scale
Family of elements, 48
Faraday, Michael, 826, 1041
Furaday constant (F), 826
Fat cells, 250
Fermentution, 915, 1044
Ferromagnetic substances, 934
Fentilizers, 108
Fingerprints, 1058
First luw of thermodynamics, 234
First-order reactions, 577
Fischer, Emil, 607
Fission reactions, 879
Fission reactors, 881
Flume test, 764
Flotation method, 934
Fluorapatite, 105
Fluoridation, 989
Fluorine, 356, Y84
fluoridation with, 989
mass defect of, 70
oxidation number of, 136, 3835
preparation of, 985
uses, 989
Fluorite (CaF,). 489. 949
Flux, 936
Food irradintion, 892
Force, 175
udhesive, 475
dispersion, 471
intermolecular. See
Intermolecular forces
ntramolecular, 469
unit of, 175
van der Waaly, 469

Formal charge, 380
Formuldehyde (CH,0), 444,
926, 1046
Formation constant (X,), 758,
759 (rable)
Farmic acid (HCOOH), 566,
680, 1047
Formula s, 83
Formulas, See Chemical formulas
Fossil fuels, 964, 968, 1050
Fractionul crystallization, 529
Fractional distillation, 337, 1050
Fractional precipitation, 751
Fractionatng column, 337, 1050
Fruncium, 343
Frasch, Hermun, 980
Frasch process, 980
Fruunhofer, Josef, 326
Free encrgy (G), 791
chemical equilibria and, 798
and electrical work, 526
it phose transition, 797
sponianeity and, 792
standard free energy of
reaction, 792
tempernture and, 795
Free radicals. 891, 1034
Freezing point, 501
Freezing-point depression, 539
Freons, %09, 988
Frequency (v), 277
Frequency factoe (A), 592
Fuel, fossil. See Fossil fucls
Fuel cell, §37
Fuel value, 250
Functional groups, 65, 1028,
1049 (rable)
Fusion
entropy and, 797
molar heat of, $03 (rakle)
nuclear, §85

G

Gullium, 320
Galvanic cells, 818
Galvenized iron, 842
Gamma (y) rays, 43
Gamuow, George, 6
Gangue. 934
Gas({es), 9, 173
Avogadro's law, 183
Boyle's law, 178
Charles’s law, 182
in chemical resctions, 193
Dalton's law of pantial pressure
of, 196
density of, 190
diffusion of. See Diffusion
elfusion of. See Effusion
emission spectrum of, 284
kinetic molecular theory of, 202
monatomic, 172
noble. See Noble pases
pressure of, 174
solubility of, 530, 531. 533
Gas constant (R), 184
units of, 185, A7
van der Waals, 212 (table)

Gasoling, 1051
antiknocking agents in, 1051
Gastric juice, 708
Guauge pressure. 274
Gay-Lussac, Joseph, 181
Geiger, Hans, 44
Geiger counter, 89()
Genetic effects of radiation, 891
Geobacter, 839
Geometric isomeris), 1008, 1037
Cieometric shupes of orbituls,
299, 438
Gerlach, Walther, 200
Germer, Lester, 293
Gibbs, Josiah, 791
Gibbs frec energy. See Free energy
Gliss, 494, 495 (rable)
Gluss electrode, 832
Glucose (C.H,,04), 720, 1042
Glutamic acid, 1068, 1074
Glycerol, 476
Glycine, 1068, 1070
Gold
extruction of, 967
lonization energy of, 358
oxidanon of, 972
Goodyear, Charfes, 1064
Gram (g), 13
Graham, Thomas, 209
Gruham's law of diffusion, 209
Gruphene, 457
Graphite. 52, 254_ 492, 965
as covalent crystal, 492
entropy of, 784
Gravimetric analysis, 149
Greenhouse effect, 914
Giround state (ground level), 286
Group (periodic), 48
Guunine, 1075
Guldberg, Cato, 626
Gunpowder, 948
Gypsum (CaSO, » 2H,0), 949, 930

H

H,. See alvo Hydrogen;
Hydrogen atom
Lewis structure of, 379
molecular orbitals of, 447
potential encrgy of, 431
Haber, Fritz, 375, 603
Haber process, 603, 654
Hair, 1084
Half-cell potential. See Stndind
reduction potential
Half-cell reactions, 818
Half-life, 343, 582
of curbon-14, 588
of cobalt-60, 383, §87
of first-order reactions, $82
of francium-223, 343
of lodine-125, 889
of iodine-131, 889
of plutanium-239, 883
of polassium—0, §76
of mdon-222, 924
of second-order reuctions, 586
of sodium-24, 583, 888
of technetium-99, 889

Index I-5

of inuum, 8§77, 887, 962
of uranium-238, 875
of zero-order reactions, 387
Half-resction, 133
Halic ycids, 695, 988
Halides, 357, 987
alkali metul, lattice energy
und, 377
alkyl, 1034
hydrogen. See Hydrogen halides
phosphorus, 974
solubility of, 122
Hall, Charles, 950
Hall process, 950
Halogenis), 50, 356, 984
displocement of, 141
electronegativity, Y84
industrial and biological
oles of, 989
jonization energy, 984
oxoacids, 62. 988
preparation of, 985
properties of, Y85
Halogenation of alkanes, 1033
Hard water, 126
Heat, 232, 239
of dilution, 262
of fusion, 502
of hydration, 262
of solution, 260
of vaponzation, 497
Heaut capacity (C), 247
Heat content. See Enthulpy
Heat engine, 792
Heuting curve, 503
Heuvy water. See Deuterinm oxide
Heavy water reactor, 882
Heisenberg, Wemer, 295
Heisenberg uncertuinty principle, 205
Helum, 357
boiling point of, 471
discovery of, 326
escape velocity of, 207
formation of, 873
intermolecular foroes in, 471
lonization energy of, 344
primordial. &
Hemutite (Fe.0,), 1000
Heme group, 1018, 1072
Hemodialysis, 348
Hemoglobin (Hb)
binding of oxygen, 533, 633,
1018. 1072
as buffer, 734
carbon monoxide affinity for, 926
production of, 653
structure of, 1018, 1073
Hemolysis. 542
Henderson-Husselbach equation, 724
Henry, William. 531
Henry's law, 531, 333
Hertz (Hz), 278
Hess, Germain H.. 250
Hess's law, 256, 262. 376

Helerogencous mixture, 7
Heteronuckear diatomic
molecules. 916
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Hexagonal ciose-packed (hep)
strocture, 483
Hexamethylenediamine, 1065

Hexokinase, 607

High-spin complexes, 1014
High-empemure
L 409

Himdenburg, 233

Hiroshima, 881
HIV, 457

Homogencous mixture, 7

Homonuelear distomic molecules,

450,916
Homopalymers, 1062
Humun immunodeficiency virus,
See HIV
Hund, Fredrick, 307
Hund's rule, 307, 449, 452, 1014
Hybrid orbitals, 433, 438 (1ble)
of molecules with double and
triple bonds, 442
AP, 435, 443
. 436, 442
sp'. 433
sp'd. 441
ip'd, 441
Hybridization, 434
Hydrute, 62, 1040
Hydration, 120, 261
heat of, 262
of ions, 120, 261, 783
of protoas, 128, 669
Hydrazine (NJH,), 970
Hydrides
hinary, 960
covalent, 961
interstitial, 961
ionic. 961
phosphuorus, 973
Hydrocurbons, 65, 1028
aliphatic. See Alkanes
alkynes. See Alkynes
nromatic, See Aromatic
hydrocarbans
cycloalkanes, 1035
saturated, 1029
unsuturuted, 1035, 1039, 104]

Hydrochloric acid (HCT), 128, 695
in ncid-base titrations, 732, 739

as monoprotie seid, 128
preparation of, Y88

Hydrocyanic acid (HCN), 630, 966

Hydrolluoric acid (HF)
ionization constant of. 680
45 weak acid, 681
Hydrogen, 350, 960
wtorme orbitals of, 299
combustion of, 11, 232
displacement of, 139
1s0topes of. 46, 962
metallic, 964
oxidation number of, 136
preparation of, 960
propermies of, 350, Y960
Hydrogen atom
Bohr's theory or. 284
emission spectrum of, 284

energy of. 286

Schrodinger equation and, 296

Hydrogen bomb, 887

Hydrogen bond, 473, 1071, 1077
Hydropen bromide (HBr), 988
Hydrogen chloride (HCT), 988

Hydrogen cyanide (HCN), 174, 966

Hydrogen economy, 964
Hydrogen fluoride (HF), 382,
425, 988
Hydrogen halides, Y87
weid strength of, 695
dipole moments of, 427
Hydrogen lodide (HT), 988
kinetics of formation. 598
Hydrogen fon
hydrated. 128, 669
pH and concentration, 673
Hydrogen molecule (H;)
combustion, 11, 232
Lewis structure, 379
molecular orbitul, 447
Hydrogen peroxide (H,0;), 978

decompasition of, 143, 570, 598

disproportionation, 143

as oxidizing agent, 978

percent composition by muoss

of, 85

us reducing agent, 978
Hydrogen sulfide (H,S), 981

s diprotic acid, 692

preparation of, 981

in qualitative analysis, 764
Hydrogenation, 963

Hydrogen-oxygen fuel cell, 837, 964

Hydrohalic acids, 695, 988
Hydrolysis
alkuline (yaponification; base
hydrolysis), 1048
of anions. 699, 736
of esters, 601, 1048
metal jon, 701
sult, 698
Hydrometer, 836
Hydranium jon (H,07), 128, 669
Hydrophilic interaction, 349
Hydrophobic interaction.
549, 1074
Hydraxides
alkuli mewl, 676, 703, 947
alknline earth metal, 676, 705
umphoteric, 705
Hydroxyapatite, 744, 950

Hydroxyl groups (OH groups). 1044

Hydroxyl radical, 891,912,919
Hyperonic solution, 542
Hypochlomous acid, 63, 984
Hypothesis, 4

Hypotonic solution, 542

I

lee, 477

ICE method, 643

Tee skating, 507

Tee-water equilibrium, $02
Ideal gas, 183

Tdeal gus equation, 154
Ideal solution, 536

Impurities
ncceptor, 943
donor, 942
Incomplete octet, 394

Indicators, See acid-buse indicators

Induced dipole, 470
Inert complexes, 1017
Infrared uctive, 916
Initial rate, 573
Inorganic compounds, 36
Instanuneous rue, 567
Insulators, 942
Intensive properties, 11
Interference of waves, 446, 487
Intermediates, 596
Intermolecular forces, 174, 469
dipole-dipole forces, 469
dispersion forces, 470
ton-dipole forces, 470
ion-induced dipole, 470
vin der Waals forces, 469
Internal energy (U). 235
International System of Units
(ST units), 12
International Union of Pure and
Applied Chemistry,
See IUPAC
Interstitinl hydrides, 962
Intrumoleculur forces, 469
lodine, 356, 984
nuclear stahility of, 871
preparation of, 142, 987
sublimation of, 504
uses of, 990
lodine-131, 889
Tan(s), 30
dipositive, 340
electron configuration of, 333
hydrared, 120, 261
hydrolysis, 698
monaomic, 31
polystomic, 51
separation of, by fractional
precipitation, 751
spectator, 124

transition metal, 57, 998, 1013

tripositive, 340
unipositive, 340
lon pairs, 546
[om product constant, 671
lon-dipole forces, 470
lon-electron method. 815
lon-induced dipole, 470
lonic bond, 372, 374, 384
lonic compounds, 31, 34
nomencliture, 56
lonic crystals, 488
lonic equation, 124
lonic hydrides, 961
lonle radii, 339
lonic solids {ionic crystals), 488
lontzation constants
of bases, 688
of diprotic and palyprotic
acids, 692
of monogrotic acid, 680
lonization energy (/E), 342,
334 (rable)
lonizing mdiation, 891

lon-product constant of water
(K,), 671
lonosphere, Y06
[ridium, 37
lron, 1000
corrosion of, 841
ferromagnetic properties
of, 934
galvanized, 542
metallurgy of, 936
Iron(l) sulfide (FeS), 777
Isoelectronic lons, 335
Isolated system. 232
Isamenis)
geometric, 1008, 1037
optical, 1009, 1034
of polymers, 1062
structural, 1029
lsomernism. See Isomer(s)
Isoprene, 1063
Isopropanol, 1045
Isotactic polymers, 1062
Isotomic solution, 542
Isotopes, 46, 888, 062
applications of, 601, 888, 1017
IUPAC. 48, 332, 1030

J

Jeffreys, Alee, 1075
Joule (1), 202

Joule, James Prescot, 202
Jupiter, 207, 964

K

Kekule, Angust, 392, 1041
Kelvin, Lord (William
Thomson), 182

Kelvin temperature scale, 13, 182
Kertin, 1084
Ketones, 1046
Kilogrum (kg). 13
Kinetic cnergy, 202, 231
Kinetic isotope effect, 963
Kinetic moleculur theory

of gases, 202

liquids and solids n, 468
Kingtics. Se¢ Chemical Kinetics
Krypton, 357

L

Lubile complexes, 1017
Lachrymator, 922
Lake Nyos, 333
Lunthanide series, See Rare
earth elements
Laser. 200, 887
Lattice energy (U), 261. 374,
377 (able)
of alkali metal halides. 377
and Born-Haber cycle, 374
and chemical formulas, 377
Lattice point, 479
Luve, Max von, 486
Laughing gas (nitrous oxide),
65,971
Low, 4



)
Avogadro’s, 183
Sosle’s, 178
Dharfes’s, 18]
o conscrvanon of cocrgy, 231
o conservation of mass, 40
Coulomb’s, 374, §26
Balion’s, of partinl pressures, 195
Wt definite proportions, 40
St Low of thermodynamics, 235
Besham’s, of diffusion, 209
Henry's, 531,532
Ho's, 256, 258,374
of mass action, 626
of multiple proportions, 40
of ectaves, 329
Raoult's, 534

thermodynamics, 785
wurd law of thermodynamics, 789
e Chltelier, Henry L, 646
L& Chltelier’s principle. 646
=i sonization and, 686, 742
chemical equilibrium and, 646
common jon effect and, 724, 753
wnd eggshell formation, 762
solubility equilibria and, 753
L=t 384
wztmethyl, 1052
wetramethyl, 1052
treatment of. 1004
Lead-206, §75, 900
Lead chamber process. 606
Le=ad storage batterics, 833
Laclanché cell, 834
Lzngth, ST base unit of, 13
Lesorotatory isomers, 1009
Lewis acid. 706
Lawis hase, 706
Lewis acid-base theory, 706
Lewas dot symbols, 371
Lewis, Gilbent N, 371
Lewis structures, 380
formal charge and, 389
octet rule and, 380
and resamance concept, 392
Libby, Willard F, SR8
Ligands, (002 1003 (fable)
strong-field, 1014
weak-field, 1014
Light
ahsorption of, and crystul held
theary, 1012
clectromagnetic theory of, 278
pamicle-wave duality of, 281, 289
plane-polarized. 1009
speed of, 279
Light water reactors, 881
Lime, 795, 921
Limestone. See Calcium carbonue
Liming. 921
Limiting reagents, 99
Line spectra, 284
Linear molecule, 417, 435
Liguidis), 10,475
properties of, 468 (rable)
solutions of liquids in, 521
solutions of solids in. 521

surface tension in, 475
viscosity of. 476
Liquid crystals, 508
Liquid-solid equilibrium, 501
Liquid-vapor equilibrivm, 496
Liter (L), 14
Lithium, 351
Lithium deuteride (LiD), 887
Lithium fluoride (LiF). 374
Lithium oxide (Li,0), 351
Litmus, 127
Living systems
coonlination compounds i, 1018
thermodynamics of, 802
Lock-and-key theory, 607
Logarithm. A-13
London forces. See Dispersion
forces
London, Fritz, 471
Lone pairs, 380
Low-spin complexes, 1014
Lucite (Plexiglas; polymethyl
methacrylate), 1061

M

Macromolecules. See Polymers
Macroscopic properties, 12
Magic number, 867
Muagnesium, 156, 353, 949
band theory of, 941
cathodic protection with. 842
combustion, 133
on, 156
Magnesium hydroxide [Mg(OH )],
156, 709, 949
Magnesium nitride (Mg:N,), 949
Magnesium oxide (MgO), 133, 940
Magnetic confinement. 886
Magnetic ficld
of electromugnetic waves, 279
electron spin und, 298, 305
Magnetic quantum number (1), 298
Magnetism, 305
of complex fons, 1014
dizmagnetism, 306, 1014
ferromagnetism, 934
parnmagnetism, 306, 446, 1014
of transition metals, 1014
Magnetite (Fe,0,), 1001
Main group elements, 332
Mangnnese dioxide (Mn0,), 198, 602
Muanganese nodules. 934
Manometer, 177
Muny-electron stoms. 297
Marble, 949
Markovnikov, Viadimir, 1037
Markovnikov's rule, 1037
Marsden, Emest, 44
Marsh. Jumes, 170
Mursh gas. See methune
Marsh test, 170
Martian Climate Orbiter, 17
Mass, 11
ulomic. See Atomic mass
critical, 880
defect, 870
electron, 46
formula. 83

maolar, 78, 191, 544
moleculur, 81
number (A), 46
percent compesition by, See
Percent compasition
SI base unit of, 13
of subutomic particles. 46
suberitical, 880
Muss uction. law of. 626
Mass defect, 870
Mass number (4), 46
Mass spectrometer, §4
Mass-energy conversion,
40, 870
Mateer, 6
classification of. 6
conservation of, 40
Muxwell, James, 203
Maxwell speed distribution, 204
Mean square speed, 206
Mechanical work, 237
Melting. entropy and, 797
Melting point, 501
of alkall metal halides. 374
of alkali metals. 343
of diumond, 492
of francium, 343
pressure and, 506
of quanz, 492
Membrane potential, 833
Mendeleey, Dmitri, 329
Mercury
in almalgam, 848, 934
in barometers, 176
mineral extraction with, 934
Mercury battenies, 834
Mercury oxide (HgO), 139,
233,780
Mesosphere. 906
Metabolism, 803
Metal(s), 48,493,932
alkali. See Alkali meral(s)
alkaline carth. See Alkafine
earth metal(s)
bonding in, 493, 94]
coinage, 358
displacement reactions, 140
corrosion. See Corrusion
nome compounds, 5§
occurrence of, 934
preparation of, 935
properties of, 48, 943
purification of, 939
Metal hydrides, 961
Metal fon
electron configurations, 334
hydrolysis of, 701
radii, 340
Metallic bonds, 493, 941
Metallic crystals. 493
Metallic elements, 48, 493, 932, See
also Metal(s)
Metalloids, 48
Metallurgy, 934
coordination compounds in,
039, 967
pyrometallurgy, 935
Metathesis resction, 121
Meter. 13

Index 1-7

Methane (CH,), 1029
combustion of, 243, 1033
hydrae, 1040
malecular geometry of, 418, 434

Methane hydrute, 1040

Methunol (CH,OH), 423, 1044

Methyl acetate. 601

Methyl chlonde, 1033

Methyl group, 1031

Methyl rudical, 1034

Methyl propy] ether (neothyl), 1046

Methylene chionde, 1033

Methy l-rerr-butyl ether

(MTBE). 1052

Metric unit, 12

Meyver, Lothar, 329

Microscopic properties, 12

Microstate, 781

Microwave oven, 428

Microwaves, 280, 428

Milk of magnesia, 700, 755, 949

Millikan, Robert A, 41

Mineral, 933 (table)

Miscible liquids, 523

Mixture, 7
gas, law of partial pressurey

andl, 195
heterogencous, 7
homogeneous, 7
racemic, 1009

Modertor, 881

Molal boiling-point elevution

constant, 339
Molal freezing-point depression
constant, 539

Molality (m), 525

Molur concentration, 145

Molur heit
of fusion, SO (tuble)
sublimation, S04
of vaporization, 497, 498 (rable)

Molar mass, 78, 191, 544

Molar solubility, 747

Molurity (M), 145, 525

Mole (mol), 77

Mole fraction (X), 197, 525

Mole method, 95

Molecular compounds, 59

Molecular crystals, 493

Molecular equation, 123

Molecular formula, 52, §9

Molecular geometry, 415
of conrdinating compounds. 1007
of eycloalkanes, 1035

Molecular mass, 81

Molecular models, 52

Molecular orbital theory, 445

energy level diugram ofl 447,
449, 451,432,455
Moleculor rotution, 784
Molecular shapes. See Molecular

g=ometry
Molecular speed. 206
distribution of, 203
root-mean-square, 206



I-8 Index

Molecular vibration, 784, 916
Moleculsr weight. See
Molecular mass
Moleculanty, 596
Molecules, SO
chemucnl formulas and, 52
chiral, 1009, 1034
diatortic, 50
Tinear, 417, 435

polar, 426

polyatomic, 50
Monatomic gases, 173
Momatomic jons, 51
Mond, Ludwig. 939
Mond process, 939
Monodentate figands, 1003
Monomers, 1061, 1066 (rable)
Maonoprotic acids, 128, 670
Moseley, Henry, 330
Most probable speed, 204
Muitiple bonds, 380, 442
Multiple equilibra, 635
Multiple proportions, lnw

of, 40

Mvoglobin, 1018

N

N;. See Nitrogen
n-type semiconductors. 942
Nagasaki, 881
Numing compounds. See
Nomencluture
Naphthulene (CH,), 1043
Napoleon, 170, 494
Natta, Giulio, 1063
Natural gas, 1029
Natural polymers, 1063, 1067
Negative devintion, 537
Noon, 84, 357
Neoprene (polychloroprene), 1064
Neothyl, 146
Neptunium, 483
Nemst. Walther, 830
Nemst equation, 830
Net jonic equation. |24
Neutmalization reactions, 130,
151,732
Neutron, 45, 865
Neutron sctivation
analysis, 171
Newlunds, John, 329
Newton (N), 4. 175
Newton, Sir Isaac, 175
Newton's second law of motion,
4,117,175
Nickel, 9938
chemical analysis of, 1020
extraction of, 939
Nitric acid (HNO,), 677. 972
Oswald process in production
of, 604
s oxidizing agemt, 972
us strong weid, 677
Nitric oxide (NO), 399, 971
Nitride fon, 969

Nitrogen, 355, 969
bonding in. 381, 453
common compounds of,
969 (1able)
preparation of, 969
Nitrogen cycle, 904
Nitrogen dioxide (NO,), 625,
651,971
in smog formation, 922
Nitrogen fixation, 903
Nitrogen nacorsis. 201
Nitrogen pentoxide (N;04), 579
Nitroglycerin, 399
Nitrous oxide N;O (laughing gas),
65,971
Noble gas core, 310
Noble gases, 50, 357, 360
Node, 289, 446
Noguchl, Thomas, 562
Nomencluture
of acids, 56
of acids and their conjugate
bases, 677 (rable)
of alkanes, 66, 1036
of alkenes. 1036
of alkyney, 1039
of anions, 57 (rable), 1006 (1able)
of armatic compounds, 1041
of hases. 64
of cutions, 58 (able)
of common compounds.
65 (fable)
of coordination
compounds, 1003
of hydrates, 64
of inorganic compounds, 56, 61
of molecular compounds, 59, 61
of oxoacids, 63 (rable)
of oxocamons, 63 (rahfe)
of simple acids, 62 (table)
Nonbonding electrons, 380
Nanelectrolyte(s), 119
Nonelectrolyte solutions, colligative
properties of, 534
Nonideal gas hehavior. 210
Nonmetal, 48, 958
Nonmetallic elements, 48, 958
Nonmetallic oxides, 358, 977
Nonpolar molecule, 426
Nonspontaneous reactions, 779
Nonstoichiometric
compounds, 962
Nonvolatile solutes, 534
Nuclear binding energy, 869
nuclear stability and, 369
per nucleon, 871
of urunium, $80
Nuelear chain resction, 880
Nuclear chemistry, 864
Nuelear decay series, 872
Nuclear energy
from fission reactors, 581
from fusion reactors, 885
huzards of, 883
Nuclear equation, 865
Nuclear fission, 879
reactions, 879
reuctors, 881
Nuclear fusion, 885

Nuclear reactions, 865

baluncing. 865

und decay series, 872

fission, 879

fusion, 885

moderator of, 881

nuture of, 865

by trunsmutation,

876, 878

Nuclear reactors, 881, 886

breeder, 883

fission, 881

fusion, 886

heavy water, 882

light water, 881

natural, 884

thermal pollution

und, 882

Nuclcar stability, 867
Nuclear trnnsmutation, 865, 878
Nuclesr wastes, 885
Nucleic acids, 1075
Nucleons, 46, 869
Nucleotide, 1076
Nucleus, 44

density of, 867

mdius of, 867
Nylon (polybhexamethylene

udipumide), 1065

Nylon rope tnck, 1065

)

0. See also Oxygen
preparation of, 977
properties of, 977
soluhility, 530, 333
0. Ser Ozone
Octabedron, 419
Octane number, 105]
Octaves, law of, 329
Octet rule, 380
exceptions to, 394
Odd-electron molecules, 395
Oil
as fossil fuel, 964, 1050
in ore prepuration, 934
Oil, hydrogenated, 606, 964
Olefins. See Alkenes
Oleum, 983
Open system, 232
Optical isomens. 1009, 1034
Orbitals, See Atomic orbitals;
Hybrid orbitsls; Moleculnr
orbitals
Ores, 933
preparation of, 939
roasting of, 219, 935
Orgunic chemistry, 1027
Organic compounds, 36, 63, 1027
Organic polymers. See Polymers
Oneatation fuctor, 596
Orthoboric acid (boric) scid, 707
Orthoclase. See Phosphoric acid
Osmosis, 541
Osmotic pressure (), 541
Ostwald, Wilhelm, 604
Oswald process, 604
Otio cycle, 1051

Overdap
in hybndization of atomic
orbitals, 434
in moleculur orbitals, 446
in valence bond theory, 431
Overvoltage, 845
Oxalic ucid, 647
Oxidution numbers, 135
assignment of, 136, 385
and clectronegativity, 385
of halogens, 38
of metals in coordination
compounds, 1004
of nonmetallic elements, 138
of transition elements, 138, 1000
Oxidation reactions, 133
Oxidation stutes. See Oxidation
numbers
Oxidution-reduction resctions
(redox reactions), 132
balancing equations of, 15
yuuntitative uspects of, 155
spontancous, 826
Oxides
ncidic, 359, 704, 977
umphoteric, 359, 704, 977
busic. 359, 704, 977
Ouxidizing agent, 134
Oxoacid, 62, 697, 988
Oxoanion, 63
Oxyacetylene torch, 259, 1039
Oxygen, 356, 977
alkali metal reactions
with, 351, 945
allotropes of. 52, 254, 977
in blood, 533, 653, 734
hemoglobin and, $33, 633,
735, 1018, 1073
moleculnr ochital theory of,
446,452
Oxidition number of, 138, 385
paramugnetism, 446
und photosynthesis, 601, 903
preparation of, 977
Oxygen cycle, 904
Oxygen-hydrogen fuel cell, 837
Oxygen-propanc fucl cell, 838
Oxyhemoglobin, 533, 653, 735,
1018, 1075
Ozone, 52,979
depletion of, 908
preparation of, 979

properties of, 979
resonance structure of, 392

in smog formation, 922

P

p Orbitals, 300
Py, structure of, 973
petype semiconductors, 943
Packing efficiency, 482
Palladium, 962, 1020
Parmumagnetism, 306, 446, 1014
Partinl pressure, 195

Dalton's law of, 196
Particle accelerators, 877
Particle theory of light, 281
Panicle-wave dunlity, 281, 259



Pascal (Pa), 175
Pascal, Bluise, 175
Passivation, 842
Patina. 842
Pauli, Wolfgang, 305
Pauli exclusion principle. 305, 447,
4491014
Pauling. Linus, 383. 1070, 1074
Penetrating power, 306
Pentane (C,H,;), 1030, 03]
Peptide bond, 1068
Pervent composition by mass,
85,524
Percent hydrolysis, 699
Percent ionic chamcter, 384
Percent ionization, 686
Percent vield. 103
Perchlonic acid (HCIO,), 63, 677,
697, 088
Perhalic acids, 988
Perfod, 48
Periodic group, 48
Periodic table, 48, 329
atomic rdii trends in, 337
clectron affinity ends in, 348
clectronegativity trends in, 383
families in, 48
groups in, 48
historical development of. 329
ionization energy trends in, 345
periods of. 48
Permanent wave, 1084
Permunganate fon, a8 oxidizing
agent. 155
Peroxide, 352, 977, 1045
Peroxyncety| nitrate (PAN), 922
Petrolcum, 1050
pH. 673
of acid-base titrationy, 733,
737,740
of acid rain, 919
blood, 734
of buffer soluttons, 730
common fon effect on, 723
solubility equilibria and. 755
pH meter, 673, 732, 832
Pharmacokinetics, 608
Phase, 468
Phase chunges, 495
effects of pressure on, 506
and entropy, 797
liguid-solid. 501
liquid-vapor, 496
solid-vapor, S04
Phase diagrams, 503, 506, 963
Phenolphthalein, 152, 743
Phenyl group, 1042
Phosphute buifer, 731
Phosphate rocks. 105, 972
Phosphine, 973
Phospharic acid (H.PO,), 128,
694, 975
tonization constants of, 694
Phorphorus, 355, 972
allotropes of, 973
in fertilizers, 105
thphnmi acid (H,PO,), 975
Phosphorus(V) oxide (P.O,,), 974
Phosphorus(IT1) oxide POy, 974

Phosphorus pentachloride
(PCly), 974
Phosphorus trichloride (PCHy), 974
Photochemical smog, 921
Photodissociation, 908
Photoelectric effect, 281
Photons, 281
Photosynthesis, 601, 903, 915
carbon dioxide and, 601, 915
chlerophyll in, 1019
isotope upplications to. 601. 915
oxygen and, 601, 903
Physical equilibnum, 624
Physical propertias. 10
Pi (7] bond, 442
Fi () molecutar orbitals, 447
Pig (cast) iron, 937
Pipet, 12
pk, 724
Planck, Max. 277, 280
Planck constant (/r), 281
Plune-polarized light. 1009
Plants
in carbon cycle, 914
osmoltic pressure in, 543
Plasma, 886
Platinum
s catalyst, 604, 923
us electrocatalyst. 820
therapeutic uses of complexes
of, 1019
Plmo, 39
Plutonium-239, 881, 883
pOH, 674
Polar bonds, 382
Polur covalent bonds. 382
Polur molecules, 426
Polar azone hole, 910
Polar solvent, 120
Polarimeter, 1009
Polarizability. 471
Poluroid film, 1009
Pollution. See Environmental
pollution
Polyatomic ions, $1
Polyatomic molecules, 50
Polychloroprene (neoprene), 1064
Poly-cis-isoprene, 1063
Polyeyclic aromatic
hydrocarbons. 143
Polydentate ligands, 1004
Polvester, 1065
Polycthylene, 1062
Polyisopropene. See Rubber
Polymez(s), 1061, 1066 (rable)
Polymerization
by addition, 1062
by condensation, 1065, 1067
Polypeptide, 1070
Polypropenes, 1062
Polyprotic acids, 128, 690
Polytetrafluoroethylene (Teflon),
089, 1062
Polytvinyl chloride), 1062
Porphine, 1018
Porphyrins, 1018
Positive devianon, 537
Positron, $66
Potassium, 331, 945

Potassium-20), 876
Potassium chlomte (KCIO,),
198, 602
Potassium dichromate (| K.Cry0,),
144, 155,815
Potussium hydrogen phthalute, 152
Potassium hydroxide (KOH), 947
Potassium nitrate (KNO, ), 947
Potassium permanganate (KMnO,),
155,816
Potassium superoxide (KO,),
351,945
Potentinl, See Standard
reduction potentiul
Potential energy, 231
Precipitute, 121
Precipitation reaction, 121, 750
ion separation by
fractional, 751
Precision, 22
Prefixes
nomenclature, 60 (eable)
SIunit. 13 (wable)
Pressure, 175
atmospheric. See Atmospheric
pressure
chemical equilibrium and
changes in, 648
critieal, 501
gas, 174
osmaotic, 341
partial. 195
phase chunges and, 506
SI unit, 175
vapor. See Vapor pressure
Pressure cookers, 307
Pressure-volume relationship of
gas, 178
Primary pollutant. 921
Primary strocture, 1071
Primary valence, 1002
Principal quantum number (),
286,207
Probubility, in clectron distribution,
206, 300
Problem solving. 25, 27, 79. 682
Product, 91
Propuane. 1029
Propane-oxygen fuel cell, 838
Propene. 1037
Properties
chemical, 11
extensive, |1
intensive, ||
macroscopic. 12
microscopic, 12
physical. 10
Propyne (methylacerylene), 1039
Protein, 1070
denatured, 776, 1075
structure of, 1070
Protium, 962
Proton, 44, 8635
Proust. Joseph L. 40
Pseudo first-order
reaction, 585
Pyrex glass, 495
Pyrite, 980
Pyrometullurgy, 935

Index 19

0

Quadratic equation, 632, A-14
Qualitative analysis, 763
Qualitative data, 4
Quantitative analysis, 149. See ulvo
Acid-base titrations
gravimetrie, 149
of redox reactions, 155
Quantitative datw. 4
Quantum, 280
Quantum dot. 314
Quantum mechunics, 296
Quantum numbers, 297
angulur momentum, 298
electron spin, 298
magnetic, 298
pancipul. 286, 297
Qunnmm theory, 277

cr\ slulllne. 492

mclunn point of, 492

structure of, 495
Quaternary structure, 1071
Quicklime. See calcium oxide

R

Rucemic mixture, 1009
Rad, $90
Radiant energy. 231
Radiation, 41

biologicul effect of, 890

climate and, 915

electromagnetic, 279

ionizing, 891

solar. See Solir radiation
Radiution dose, 891
Radicals, 395, 891, 1034
Radivactive decay series, 872
Radiosctive isotopes, 588
Radionctive waste disposal, 885
Radionctivity, 43

artificial, §77

biological effects of, 890

natural, §72

nuclear stability nand. 867
Radiocarbon dating,

588, 878

Radiotracers, §88
Radium, 890, 900
Radins

atomic, 337

fonie, 340

nuclear, 867
Radon. 360, 923
Ramsay, Sir William, 360
Ruaoult, Francois M., 534
Raoult's law, 534
Rare earth series, 312

Rate of reaction, 565

and stoichiometry, 571
Rays

alphs, 43

betn, 43

gumim, 43



1-10 Index

RBE (relative biological
effectiveness), 890

Reacunts, 91

Rexction. See Chemical reactions;
Nuclear reactions;
Thermonuclear reactions

Reaction mechanisms, 596

and molecularity of
reaction. 596
Reaction order, 573
of, 573
first-order, 377
second-order, 584
zero-onder, 587, 609
Reaction quotient (Q,), 641, 746,
798, 830
Reaction rue, 565
Reaction yield, 103
Reactors, See Nuclear reactors
Red blood cells (erythrocytes),
7341074
Red cabbage, 743
Red phosphorus, 973
Redox reuctions. See Oxidation-
reduction reactions
Redox titration, 155
Reducing agent, 134
Reduction potential. See Standard
reduction potential
Reduction reaction, 133
clectrolytic, 933
of minerals, 935
Refining of metals, 939
Relative biological effectiveness
(RBE), 890
Relativity, theory of, 870, §77
Rem, 890
Representative (muin group)
elements, 332
Residue, 1070
Resonunce, 302
Resonance structure, 392
Reversible reaction, 121
Reversible renaturution, 1075
Ribonucleic acid, See RNA
RNA, 1075
Roasting of ores, 919, 935
Rocks

age determination of, 75
phosphate, 105, 973
Rantgen, Wilhelm, 42
Root-mean-square speed, 206
Rotation
ubout bonds, 1038
molecular, 784
of plane-polarized Tight, 1009
Rotational motion, 784
Rubber (poly-cir-isopropene), 1063
natural, 1063
structure. 803, 1064
synthetic, 1064
thermodynamics of, 803
vulcanizution, 1064
Rubbing (isopropyl)
aleohol, 1045
Ruby laser, 290
Rust. 4, 841

Rutherford, Emest, 44, 330, §76
Rydberg Johannes, 286
Rydberg constunt (Ry), 286

S

s Orbituls, 299
Sy, structure of, 981
Sacriliciul anode, 843
Salt(s), 130
hydrolysis of, 698
Sult bridge, 818
Salt hydrolysis, 698
Saltpeter (KNO,), 947
Saponification, 1048
Saturated bydrocarbans, 1029,
See also Alkanes
Saturated solutions, 521
SBR {styrene-butidiene rubber}, 1065
Scanning electron microscope, 294
Scuttering experiment, 44
Schrodinger, Erwin, 296
Schridinger equation, 296
Sciemific method, 4, 6
Scientific notition, 18
Scubu diving, 200
Second law of motion, 4, 17, 175
Second law of thermodynamics, 785
Secondary pollutant. 921
Secondary structure, 1071
Secondary valence, 1002
Second-order reactions, 384
Sced crysals, 521
Semiconductors. 942
Semipermeable membrane, 541
SHE (standard hydrogen
electrude), 820
Shell, 298
Shielding constant, 336
Shielding effect, 330, 336
Shroud of Turin, 589
S1 units (Internationul System of
Units), 12
Sickle cell anemia, 294, 1074
Sigma (o) bonds, 442
Sigma (o) molecular orbital, 446
Signinicant figures, 19, 674, A-13
Silica glass. See Quartz
Silicon, 354
doping of, 942
purification of, 940
Silicon carbide (SiC;
curborundum), 966
Silicon diexide (5104),
402 4905
Silk, 1071
Silver
corrosion of, 842
extraction of, 967
lonization energy of, 358
Silver bromide (AgBr),
748. 990
Silver chloride (AgC1)
fractional precipitation
of, 751
gravimetric analysis of, 149
solubility and. 744
Silver wodide (Agl), 990
Simple cubic eell (see), 481

Simplest formuli. 53. 88
Single bond, 380
Slug. 937
Slaked lime [calcium hydroxide,
Ca(OH);), 950
Smelung of ores, 919, 935
Smog, 921
Snowmuking, 240
Soap, 350
Soda ash (sodium carbonate,
Na,CO,y), 947
Soda lime glass, 495
Sodium, 351, 945
production of, 945
reaction with water, 139
Sodium scetute (CH,COONa), 521,
723,727
Sodium acetate-acetic acid system,
723,727
Sodium carbonute (Na,CO;: soda
ash), 947
Sodium chloride (NaCl), 54, 378
electrolysis of agueous, 845
clectrolysis of molten, 843
melting ice with, 339
structure of, 54
Sodium fluonde, Y89
Sodium hydroxide (NaOH:
caustic soda), 947
In saponification, 1048
in titrations, 152, 733
Sodium nitrate (NaNOQ, ), 947
Sodium peroxide, 352
Sodium stearate, 550
Sodium tripolyphosphate, 1022
Soft water, 126
Solar energy, 231
Solar radiation
s energy source, 231
in hydrogen preparation, 964
axygen balance and, 908
ozone protecting from, 909
Solder, 521
Solids
chaructenistic propertics of;
10, 468
solutions of, in liguids, 521
temperuture and solubility
of, 529
See alvo Crystal(s)
Solid-vupor equilibrium, S04
Solubility, 122, 747
commaon fon effect ad, 753
zaus, 530, 531, 533
molar, 747
rules of, 122
and temperatre, 329
Solubility equilibria, 742
common ion effect and, 753
complex jons and, 758
in fructional precipitution. 752
pH and, 755
Solubility product, 744, 745 (rable)
molar solubility and, 749 (rabie)
qualitative snolysis of, 763
Solubility rules, 122
Solutes, 119
nonvolatile, 535
volatile, 535

Solutionts), 119
concentration units, 143, 524
dilution of, 147
electrolyte, colligative

properties of, 546
heat of, 260
ideal, 536
isotonic, hypertonic, and
hypotonic, 542
nonelectrolyte, colligutive
properties of, 534
saturated, 521
stundard, 151
stock, 147
supersaturnted. 521

Solunion process, 322
Solution stoichiometry, 149, 151,
155,732
Solvation, 523
Solvay. Ernest. 947
Solvay process, 947
Solvent, 119
Somatic effects of rudintion, 891
Sorensen, Soren P, 673
sp Hybridization, 435, 443
sp* Hybridization, 436, 442
sp' Hybridization, 433
sp'd Hybridizution, 441
sp'd" Hybridization, 441
Space shuttle glow, )&
Space-filling model, §3
Specific hew (1), 247
Spectator ions, 124
Spectrochemical series. 1014
Spectrum
nbsorption, 567, 1013
cmission, 284
visible, See Visible spectrum
Speed
of electromagnetic waves, 279
of light, 279
Muxwell speed distnibution, 204
most probable. 204
root-mean-square, 206
Spin. See Electron spin
Sponumeous processes, 779, 792
Square plunur complex, 1008
Stability
belt of, 990
nuclear, 990
Stability constant. See Formution
constant
Stble nucleus, 990
Stuinless steel, 939
Stalactites, 722
Stalagmites, 722
Standard atmospheric pressure. 176
Standard cell potential, 820
Sumdard electrode potential, 820 See
alse Stndard reduction
potential
Sundard emf, 820
Standard enthalpy of formation
(AHY). 255, A8
Standard enthalpy of resction, 235
Standard entropies (57), 784 A%
Standard entropy of reactuion, T8



Standard free energy of formation
(AGY), 793, A-8
Stanchird free energy of resction, 792
Standard hydrogen electrode,
(SHE), 820
Standard reduction potential, 820,
823 (rable)
of transition elements, 999
Stundard solution, 151
Stundard state, 254, 792
Standard temperature and pressure,
(STP), 185
Stunding waves, 289
Stite
excited, 286
ground, 286
oxidation. See Oxidation numbers
standard, 254, 792
thermodynamie, 234, 792
Stute functions, 234
State of a system, 234
Stundinger. Hermann. 106
Steel, 937
Sterecisomers, 1008, 1034, 1063
Stemn, Onio, 299
Stock, Alfred, 57
Stock solution, 147
Stock system, 57
Stoichiometric amounts, 99
Stoichiometry, 95
actual, thearetical, und percentige
yields in, 103
and gas reactions, 193
rate of reaction and, 571
Stone leprosy, 918
STP (stundard temperature and
pressure), 185
Straight-chain alkanes. 66. 1029
Strutosphere, %06

of scids und bases, 131, 675
maolecular structure and acid, 694
Stung acids, 675
Strong bases, 676
Strong-field ligands. 1014
Suontiam, 353
Seontinm-90, 353
Swuctural formula, 53
Structural isomers, 1029
Stucture, acid streagth and, 693
Sttt John William (Lord
Rayleigh). 360
Styrenc-butadiene mubber
(SBR), 1065
Subaomic particles, 46, 565
Subcritical mass, 880
Sublimation, 504
Subshell, 298
Substance, 7
Substituted alkanes, optical
isomerism of. 1034
Substitution reactions, 1042
Substrates, 607
Subunits, 1018, 1071
Sulfur, 356, 493, 980
wllotropey of, 981
combustion of, 138, 235
common compounds of, 983
deposits at volcanic sites, 913

extraction by Frasch
process, 980

in vulcanization process, 1064
Sulfur dioxide (SO,), 982

in neid rain, 919

Lewis structure of, 419
Sulfur hexafluoride (SFg), 396, 419,

501, 983

Sulfur tetrafluoride (SF,), 421
Sulfur trioxide (50,), 919, 982
Sulfuric acid (H.S0,), 982

in batteries, 835

as diprotic scid, 128, 692, 982

beit of dilution, 262

us oxidizing sgent, 983

production of, 982

us strong oeid, 673
Sun, See alvo Solar radistion

emission spectrum of, 326, 915

nuclear fusion in, 885
Superconductors, 490
Supercooling. 503
Superoxide jon, 351, 977
Supersaturated solution, 521
Surface tension, 475
Surroundings, 232, 788
Syndiotactic polymers, 1063
Syngas, 968
Syntbetic rubbers (elustomers), 1064
System

closed, 232

defined, 232

isolated, 232

open, 232

state of, 234

T

Technetium-99, 889
Tefion (polytetrufluoroethylene),
989, 1062
Temperature
chemical equilibria and
changes, 650
critical. 501
and rute of reaction, 390
solubility und, 529
and Water vapor pressire,
199 (table)
Temperature sciles
Celsius, 15, 182
Farenheit, 15
Kelvin, 15, 182
Temporary dipole, 471
Termites, 1029
Termolecular reactions, 396
Temary compound, 57
Tertiary structure, 1071
Tetmcarbonylnickel [NI(CO,)]. 939
Tetruethyllead [(C;H,Pb], 1052
Tetrnhedml complex. 1008
Tetrahedron, 418
Theoretical yield, 103
Theory, §
Therapeutic chelating agents, 1020
Thermal energy, 231
Thermal motion, 205
Thermul (slow) neutrons, 879
Thermul pollution, 530, 882

Thermite rection, 259, 951
Thermochemicul equation, 243
Thermochemistey, 232
Thermodynamic efficiency, 793, 538
Thermodynamics, 234, 778

first law of. 234

in living systems, 802

second law of, 785

third Taw of, 789
Thermonuclear bamb, 887
Thermonuclear reactions, $835
Thermusphere. 906
Thicacetamide, 982
Thiosulfate ions, 888
Third law of thermodynamics, 789
Thomson, George P., 293
Thomson, Joseph J,, 41, 43
Thonum-232, 883
Three Mile Leland nuclear

reactor, 885
Threshold frequency, 282
Thymine, 1076
Thyroid gland, 889
Thyroxine, 990
Time

Stunitof, 13
Tin, 354, 494
Tincture of fodine, 990
Titanium dioxide, 721
Tianium( 1) chloride

(TiCly), 1063

Titranon
acid-base, 151,732
redox, 155
Titration curve, 733, 737, 740
Tokamak. 886
Toluene, 536
Tooth decay, 848
Torr, 176
Torricelll, Evangelista, 176
Taxicity
of arsenic, 170, 1085
of curbon dioxide, 533, 926
of curbon monoxide, 926
of carbon tetrachloride, 1034
of chloroform, 1034
of cyanide, 966
of detterium oxide, 963
of formaldehyde, 926
of gases, 174
of hydrogen sulfide, 982
of methanol, 1045
of ozone, 922, 980
of plutonium-239, 833
of mdon-222, 924
of smog, 921
of strontium-9), 353
of sulfur dioxide, 982
of tetracarbonylnickel, 939
of white phasphoms, 973
Tracers, 888
Trans isomers. See Cis-rmans 1somens
Transition metal(s), 57, 312,
331,997
electran configuration of,
335,998
oxidation numbers of, 138, 1000
properties of, 998
Transition metal oxides, 705

Index I-11

Transition state, 591

Translationul motion, 784
Transmutution, nuclear, 876, §78
Transpiration, 543

Transuranium clements, 878 (zable)
Triethylaluminum [ANC;H.)4), 1063
Trigonal bi id, 418
Trinitrotoluene (TNT), 881

Triple bonds, 381, 443

Triple point, S05
Tripolyphosphate, 1022
Tripositive ion, 340

Triprotic acid, 128, 694

Trtium, 46, 877, 962

Trong, 947

Troposohere, Y6

Tyndall, John, 549

Tyndall effect, 549

Tyvek, 1062

U

Uncermainty panciple, 295
Unimolecular reaction, 396
Unipositive ion. 340
Unit, SL 12
Unit cells, 479
Unsaturated hydrocarbons, 1036
Unsaturated solutions, S21
Unshared electron pairs. 380
Uranium
fission product of, §79
isotopes of, 47
Uranium decay series. 873
Uraniuen oxide (U,0,), 852
Urnnium-235_ 47, 879, 880, 881
Uranium-238, 47, 883
abundunce of, 883
dating with, 875
decay of, 873
Uren
in fertilizer, 105
preparation of. 1028
treatment of sickle cell
unemiz, 1074

v

Valence, 1002

Valence band, 941

Valence bond theory, 431

Valence electrons, 332

Valence shell. 415

Valence shell expansion, 441

Valence-shell electron-pair repulsion

(VSEPR) model. 415
and molecules in which central
wtom has no lone
pains. 415
and molecules i which central

wtom has one or more
lone pauirs, 419

Valine, 1076

Van der Waals, Johannes D, 21

Van der Wails constants, 212 (rable)

Van der Waals eguation, 212

Van der Waals foroes, 469

Van Meegeren, Han, 900

Vanadiwm(V) oxide (V,04), Y83
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van't Hoff, Jacobin, 336
van't Hoff factor (1), 546
Vapor. 174
Vapor pressure, 199, 496
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owering, S34

Vllcuaty 476
Visible spectrum. 280, 1013
Vision, 1038
Vitamin C, 680
Volatile solutes, 535
Volcanoes, 913
Volt, 826
Voltuge, 819. See also
] Electromotive force
Voltaic (galvanic) cell, 818
Voltmeter, 819
Volume, 11
chemical equilibria and
changes in, 648
constant, 248
Stunitof, 14
Volumetric flask, 12, 146
VSEPR. Sev Valence-shell

electron-pair repulsion
maodel
Vulcanization, 1064
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Waage, Peter, 626
‘Waste disposal, mdionctive

waste, 885

Water

ocid-base properties of, 670
autoionization of, 671
density of, 478
dipole moment of, 427
electrolysis of, 844
fluoridation of, 989
hard, 126
hydrogen bonds in, 477
jon product constant (K,) of, 671
as moderator, 88|
phase dingram of, 506
soft, 126
specific heat of, 247. 477
structure of, 477
surface tension of, 475
vapor pressure of, 199 (rable)
vibrational motions,

784,915
viscosity of, 476

Water gas, 960
Water vapor, pressure of

199 (table)

Watson, James, 1076
Watt, 953

Wave funcuon, 296
Wave mechanics, 296

Wavelength, 277
color and, 280, 1013
radiation and, 279
Wave-particle duality, 281, 289
Waves, 277
amplitude, 277
L 279
frequency, 277
interference, 446
fength, 277
properties of. 277
standing. 290
Weak acids
defined, 676

jonization constunis of, 680, 692

strong base reactions with, 736
Weak buses

defined, 677

ionization constants of, 687

Mrong acid reactions with, 739
Weak-ficld ligunds, 1014
Weight, 13

atomic. See Atomic muss

molecular. See Moleculur mass

pereentage, composition by, See
Percentage composition

by mass
Wemer. Alfred, 1002
White lead [Pby(QH),(CO4).], 900
White phosphorus, 973
Wohler, F., 1028
Wood aleohol. See Methunol

Wood's metal, 363
Work, 231, 236
clectrical, 826
free energy and, 826
and 2as expunsion, 237
Work function. 282

X

X mys, 42
diffruction of. 486
petiodic tuble and. 330
Xenaon, 357

Y

Yields
actual, 103

percent, 103
theoretical, 103

VA

Zero electron density (node),
289, 446
Zero-order reactions, $87, 609
Ziegler, Kari, 1063
Zincblende, 488
Zinc
in butteries, $34
cathodic protection with, 842
Zine sulfide (ZnS), 42
Zane refining, 940




