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multiple, 380

P 442

polar covalent, 382

g, 442

single. See Smgle bonds

i solids, 488

riple. See Trple bonds
Bond angles, 416, 420
Hond cnthalpy, 400, 401 (rable)
Bond length, 381
Bomd moments, dipole, 425
Bond order, &49
Baond polarity, 382
Band surengih, scid strength and, 695
Bonding molecular orbitals, 246
Boniding pairs, 415,410
Boric (orthobarie) acid, 707
HBom, Max, 37§
Born-Haber cycle, 374
Boron. 333
Boron neutron capiure therpy, 893
Boron trillsoede (BF,), 394,

436, 706

Bose, Satyendra, 208
Bose-Einstein condensate, 208
Bountiry sutfuce dingrams, 300
Boyle, Robent. 178
Boyle's law, 178
Brogg, Sir William 1., 487
Bragg, William H., 487
Bruge equation, 486
Brass, 521
Breathalyzer, 144
Breeder reactors. 883

Bromine, 142, 356, 984, 990
Bromine-formic acid reaction, 566
Bronsted. Johannes N, 127
Bronsied scid, 127, 669
Bruosted base, 127, 669
Brimsted acid-buse theory, 127, 664
Buckminsterfullerine

See Buckybull
Buckyball, 456
Buffer solutions. 726
Buret, 12, 152
Butmligne, 1068

C

Caleite. Sev Caleium carbonate
Calcium, 352, %49
Calemm carbide (CaCyy, 966, 1030
Culeium carbanate (CaCO, ), 762,
V20, 944
decomposition of, 632, 795
production of iron, 936
stlfir dioside removal with, Y20
Calcium hydroxide [CalOH).:
slaked Time], 949
Calcium oxide (Ca0; quicklime),
372,920, 49
Caleium phosphute, 762, 975
Calone, 250
Calofimeter
constant-pressure, 25|
constantsvolume bomb, 245
Calorimetry, 246
Cuncer, 893, 1020, See alsor
Curcinogenicity
Capillusy achion, 475
Curbides, 966, 1039
Carbon, 354, 965
alletropes of, 52, 254, 436,
65, Sew alyo Dinmond:
Griphite
atomic mass of. 76
0 noTganic compounds, 36
phase diagram of, 965
n steelmaking, 938
Curbon eyele, 914
Carbom dioxide (CO.), 967
acidic properties, 705
band moments of. 426
climate and. 914
enthalpy of [ormation of, 256
indoor pollutant, 926
phase diageam of, S06
photosynthesis and, 601,915
solid (dry fee), 306
solubility of, 533
toakeity of, 533
Carbon disulfide (CS,), 983
Carhon-12, 76
Carbon-14, 388, 875
Carbon: 14 duting, 558, §75
Citbon monoxide (CO), 967
enthulpy of formution, 258
from amomotive emissions,
605,921
hemaglobin affinity for, Y26
indoor pollutant, 926
metil purification with, 939
tonicity of, 926

Curbon tetrachloride (CCly),
381, 1034
Carbonule jon, 388, 392, 455
Carbonic scid (”gc‘.)\'. 036,
640, 707
Tormuation, 707, 734
onization constants, K92
Curbonic unhydrase, 734, 762
Carbonyl group, 1040
Carborundun, Y66
Carboxyhemoglobin, 926
Carboxy! group, 146
Carboxylic scids, 1046
aeid strength, 697
Carcinogenicity
of amines, 1048
of ethylene dibromide, 990
of polycyelic aromatic
Byihocarbons, 143
of mdiation, 891
Carothers, Wullace, 1065
Cast (pig) iron, 937
Catitlysis, 60)
air pullution reduction by, A0S
enzyme, M6
heteropeneas, 603
homogencous, 603
Catulysmts, 601
in catalytic converters, 604
effects of, on equilibrium, 652
enzymes us, 606G
heterogencous, 603
homogencous, 605
Nama-Ziegler, 1063
Catalytic converters, 604
Cutalyric rate constant (£, 602
Cutenation, 965, 1028
Cathode. 41, 818
Cuthode rayis), 41
Cathode ray tube. 41
Cathodic protection, 842
Cationy, 51
clectron configuration of, 334
hiydrolysls of, 700
identification of, 763
omic radios of, 339
nomenclature of, S8
Capstic soddn. See Sodium
liydroxide
Cell diagram, 819
Cell potential, 819
Cell voltage, 819. See i
Electtomotive force
Cellulose. 720
Celsius temperature seale, 15
Cementite, 938
Cesm, 351
Chadwich, James, 45
Chaim reaction, nuclesr, 880
Chalcopyrite (CaFeS;), 1001
Chalk. 949
Chargall, E., 1073
Chargaff™s rule, 1075
Charge cloud (eleciron charge
cloud), 297
Charge-to-muss eno (e/m), 41
Charles, Jacyues, 151
Charles”s law (Churles™s and
Cay-Lussac's law), 182



Chelang agems, 1004

Chesical anilysis
See also Qualitutive amilysis:
Quantitative amalysis
with coordinution
compounds, 020
Chemical energy, 231
Chermical equations, 9
balunced. See Balancing
equations
free elements in, 334
interpretation of, Y1

Chesieal equilibrium, 121, 624
Chemical formulay, 52
cpincal, $3, 88
molecular, 52
structural, 53
Chemical kinetics. 565
Chemical propertios. 11
Chemical resctions, 90
ucid-base. 130, 151, 732
addition, 606, 1037, 1061
ol alkunes, 1033
of alkenes, 1036
of alkynes, 1039
of aromatic compounds, 1042
himaoleculur, 396
combination, 137
combastion, 139
condensation. 1045, 1065, 1067
of evordination compounds, 1017
Dulton's defigition of, 30
decomposition. 139
displacement, 139
disproportionation, 142
first-order, $77
wames in, 193
half, 135
half-cell, X18
metathesis, 121
neutralizition, 130, 151,732
nucleur reactions cormpared
with. ¥65
oxidition-reduction. See
Chadation redoction
reactions
precipuation, 121, 750
rate o See Rate of resction
sccond-order, 584
spontaneous, 779, 78S, 191
substitution, 1042
termolecular, 596
thermite. 951
ummnlecular. $96
rero-order, S87, 600
Chemistry, 2
Chemobyl, 885
Chile salipeter (NENO,), 947
Chiral molecules, 1009, 1034
Chlor-alkali process. 986
Chlorine, 356, Y84
prepurution of, Y86
uses of, 989
Chlonne momoride (CI0), 900
Chiorofluorohydrocarbons
(CECs), %00
Chiotoform (CHCIL). 1034
Chiorophyll, 1019
Chloeous ucid (HCHO,). 63, 989

Cholesterol, 1049
Chromium, 312, 998
Chromosomes, §91
Cinnamic aldehyde, 1046
Cisplatin, 1020
Cis-trans isomers
of nlkenes, 1036
of coondinution componnds, 1008
Clapeyron, Benoit, 498
Clausius, Rudolf, 498
Clavsis-Clapeyron equation, 4958
Climate
carbon dioxide and, Y14
effects of water oy, 477
Closed system, 232
Closest packing, 482
Cloud seeding, 990
Coal, 965
Coal gusification. 968
Cohesion, 475
Coinage metuls, 358
Coke, V30
Calligative propertics
of electrolyte solutions, 346
of nunglectrolyte
solutions, 534
Colliston theory, 390
Colloids, 348
Color
of glass, 405
of indicators, 743
of transition metal jons, 1012
wavelength and, 280, 1012
Color wheel, 1012
Combination reaction, 137
Combustion, |39
of acetylene, 258, 189
ol ulkanes, 1033
of hydrogen, 11,232
of methane, 243, 1033
of sutfur; 137,235
Commaon lon effect
acid-base equilibria and, 723
solubility and, 753
Complex jonis), 758, 1002
megnetic properties of, 1014
solubifity equilibria and, 758
See ulse Covnditation
compounds
Camplex lon formation, 758
Compounds. 8
nnhydrous, 64
arommatic, See Aromutic
hydrocarbons
coordination. See Coonlinition
compounds
in Dulton's theory, 39
inorganic. 56
ionic, 51, 34, 374
molecular, $9
nonstochiometrie, 962
argunie, 56, 65, 1028
Concentration, 145, 524
chemical equllibein wod
changes in, 647
cffects on emf. 829
Concentration cells, 833
Comcentrution of selution,
145,524

Concentration units. 145, 524
vompared, 326
molality, $28
maolarity, 143, 323
maoke fraction, 197, 525
percent by muiss, 524
Condensation, 497
Candensation reactions. 1045,
1065, 1067
Conduction bund, 941
Conductivity
of metals, 493 941
of nonmetallic elements, 942
Conductor, 942
Conjugate scid, 664
Conjugate scid-hisse pair, 669, 689
Conjugate base. 669
Constant-pressure calonmeter, 251
Constunt-volume bomb
culorimeter, 245
Constructive intetference, 446, 487
Contact process, 983
Control rods, 882
Cooling curve, 503
Coopertivity, 1072
Coondinate covalent bonds, 193, 706
Coondination compounds, 1002
applications of, 1018
bonding in, 101]
in living systems, 1018
magnetic properties. 1014
Haming, 1005
oxidation number, 1004
reactions of, 1017
stereochemistry of, 08
Coordination number, 481, 1003
Coordination theory of Werner, [002
Copolymer, 1065
Copper. 1001
carmsion of, 42
electron comfiguration of, 312
ionization energy of, 358
metullurgy of, 1101
puriticution of, 939
Copper carbonute (CoC Oy
pating ), £42
Copper sulfate (CuS0, ). 64
Core
atomic. See Nucleus
noble gus, 310
tuclear resctor, 882
Core electrony, 332
Corona. 326
Corrosion, 8§40
Comndum (AL, ), 950
Coulomb (C). 826, 847
Coulomb, Charles, 574
Coulomb’s law, 374, 867
Coupled reactions, 802
Covilent bonds, 379
courdinate, 395
polar, 382
Covalent compounds. 379
Covalent crystals, 492
Covalent hydrides, 961
Cracking process, 1037
Crenation, 543
Croks Francis, 1076
Critienl s, 880

Index I-
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Critica) pressure (£,), 501
Critical wemperature (7,), 501,
502 (tuble)
Crown ether, 932, 946
Crude vil, 1050
Cryolite (N ALE, ), 950
Crystilis), 488, 493 (rable)
covalent, 492
omic, 455
metallic, 493
molecular 492
X-ray diffraction by, 486
Crystal field splitting, 1012
Crystal Held theory, 1011
Crystal structure, 478
Crystalline solids, 475
Crvstullization, 521
Imctonal, 520
Cubic close-packed (cep)
structure, 483
Cubic unit cell, 450
Curie (Ci). 890
Curie. Marie, 43
Curic, Pierre, 43
Cyanide, Y66
Cycloalkanes, 1038
Cyclohexane, 1035
Cyelotron, £77
Cytochrome ¢, 1019
Cytochrome oxiduse. 966
Cylosine. 1075

D

o Orbitals, 300, 101 |
und crystal field theory, 1011
hybridizution of, 44|
Dacron, 1065
Dalton tatomic mass unity, 76
Dalton, Johin, 39
Dalton’s atome theory, 39
Dalton’s law of partial
pressures, 196
Daniel cell, 818
Datu, 4
Dating, rudionuclenr, 538, 575
Dative bonds. 395
Davisson, Clinton, 293
de Broglie, Louis. 284
de Broghe's hypothesis, 259
Debye (D), 426
Debye, Peter 1., 426
Decay series. See Radioactive
decuy serics
Decompasition reactions, 139
Definite propartions, luw of, 40
Deloculized molecular orbitals, 4354
of benzene, 454
Of carbonate ion. 455
of metals, 403,94
Democritus, 39
Densmrant, 1075
Denatured alcohol. 1045
Denatred proteins, 776, 1075
Denitrfication. 904
Density, 11
gas, 1K)
ol nucleus, 867
wiler, 378
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Dental amalgam, 828
Deoxyhemogiobin, 1019, 1072
Deaxyribonocleic acid (DNA L
Sev DNA
Deposition, S04
Derived ST units, 14
Destrucrive interference, 446
Detergents, 1022
Deuterium, 46, 962
Deuterivim oxide (1.0, heavy
water), 882, 962
Deviation froms ides) gas
hehavior. 210
Dextrorotatary isomers, 1009
Dingonal relatinship, 350 706, 96|
Diagonal rule, 824
Diumugnetism, 306
Dinmond
a5 allotrope of carbon, 52,
254, 965
entropy of, 784
stnucture of, 492
synthetic, 965
Disphragm cell. 986
Dualysis, 348
Diatomie molecules, S0
heteronuelear, 916
homonuclear, 430, Y16
Dichlarvethylene, 427, 1038
Dichromate jon, 155, 813
Diethyl ether, 1043
Diffasion, guscous, 207
Dilution of solutions, 147
Dimensional analysis, 23
Dimethylglyosine, 1020
Dinitrogen pentoxide {N0,), §79
Dinltrogen retroxide (N0, 624, 650
Dinosaurs, 36
Dipeptide, 1067
Dipolar ion, 1067
Dipole moments (), 425, 427
{zhle)
Dipule-dipole forces, 269
Dipole-induced dipole, 470
Dipositive ions, 340
Diprotic acids, 128, 600
lonization constunt of, 692
Dispersion forces, 471
Displucement resctions, 130
Disproportionntion reactions, 142
Distillistion
fractional, 537, 1050
mietal purification by, 939
Distribution, 781
DNA (deoxynbonuclerc neid), 1075
cisplutin binding 1o, 1020
clectron micrograph, 1076
fingerprinting by, 1078
structure of, 1077
Dolomite, 048
Donot stom, 1003
Donoe Impurity, 942
Doping, 942
Double bonds, 351, 442
Doubling time, 853
Downs cell, 843
Dy cell batteries, 834
Dry ice, 65, 506
Dynamic equilibriom, 497

E

Earth
age nl, 876
cotposition of. 49 (rable)
EDTA (ethylenafiaminetetnucenne ),
103
reaument of metal pyisaning
with, 104
Effective nuclear churge, 336
Efficiency, 793
Effusion, giseous, 209
Ege. Y
formation, 762
hand boiling, 507, 776
Einstein, Albert, 40, 208, 281, 870
Einstein's mays-enstgy equation, 870
Einstein's relutivity theory, 870, 877
Elastomers (synthetic rubbery. 1064
Electricyl work, 826
Electrocatalysts, 838
Electrochemical senies, 140
Electrochemistry. 813
Electrodeqs), 818
unode, 818
cathode, 818
Electrode potential. See Standard
reduction potentinl
Electrolysis, $43
of aqueniy sodivm chloride, 843
metal punification by, 939
ol molten sodium chloride, 843
quantitative aspects of, 847
of waler, 844
Electrolyte(s), 119
strong. 120
weak. 120
Electrolyte solutions, colligative
properties of, 346
Elccirolytic cell, 843
Electromugnetic radiation, 279
Electromagnetic wave, 27§
Electromotive furce temf), §19
effects of concentration on. 829
stundard, 821
Electranis ), 41
charge-to-mass ratio of. 41
nonbonding. See Lone pairs
probability distribotion of, 300
valence, 332
Electron aftinity (EA). 347,
38 (tahle)
Electron caplure, 869
Electron charge, 41
Electron charge cloud, 207
Electron contiguration, 304
anions, 33§
Autbuu principle and. 310
cations, 334
diwmugnetism amd
pammagnetism m, 303
cloctron assignment (o oebitaly
in, 304
ground state, 304, 31|
Hund's rule and. 307
and molecular orbitals, 448
Patthi exclusion priticiple
and, 305
and shielding effect. 306

Electron density, 297
Electron microscope, 204
Electron probability, 296, 300
Election spin, 208, 34
in coordimution compounds. 1014
Hund's mle and. 307
Puvli exclusion principle
and, 505
Electron spin guuntum mumber
(), 29%
Electron subshell, 20%
Electron-dot symbols, 371
Electronegativity, 382
Elementary particles. 865
Elementary steps, 396
Elements, 7
ahundance. 49
womie radii of, 337
classification of, 48, 33]
derivation of names und
symhols, A<|
electron aflinity of, 347
clectronegativity of, 352
essential, 49
ground state electron configira-
vons of, 311 (rabie), 331
lonization energles of, 344 (nthle)
periodic and group propertics
ul, 340
representative. 332
symbols of. 8 (mble)
transurunivm. See Transurinium
clements
Emf. See Electramative [urce
Emission spectrn, 284
Empirical formula, 33, 8%

Emulsion, 539
Enantiomers, 1004

End point. 741
Endathermic process, 233
Ehergy, 231

chemical, 231
crystal fleld splinting, 1012
of hydrogen atom. 286
womization, 342
Kinetic. See Kinetic encrey
Inttice. Ser Latte energy
law of consersation of, 231
MRss-Cnergy conversion, 870
muolectilar orbitl energy level
diagram, 447
nuckear hinding. See Nuclear
hinding energy
potential. See Potential energy
solar. See Solar mdiation
thermal, See Heat
unit of, 202
Energy changes
in chemical reuctions, 242
and first Law of
thermodynumics, 234
Enthalpy (#1. 24]
and Born-Haber cycle, 374
stunilird, 254
Enthalpy of resction, 242
Enthalpy of solution, 260
Entropy (S), 780
absulure, 784, 700
changes, 782

and mmcrostate, 781
phase trunsition, 782, 797
stiundard, 783
Environmental pollution
acid eain, 704, 918
Freon, YW
nuclear wastes, 888
sulfur dioxide, 919
thermal, $30, 882
Enzyme(s), 606
aleohol dehydrogeniose. 608, 10053
carhomic anhvdnse, 734, 762
catalysis of, 606
evtochrome oxidase, 966
hexokinase, 607
HIV-protease, 457
Tock-and-key model of, 6017
Enzyme-substrute intermedinte
(ES). 608
Equation
Arthenlus, 591
Boltemunn, 782
chemical, %0
Clausius-Clapeyvion, 495
Elnstein, 870
Henderson- Hissclbach. 724
idenl gas, 184
jonic, 124
maolecular, 123
Nernst, K30
net homic, 124
nuclear, 863
redox, 815
Schrodinger, 296
thermochemical, 243
vim der Waals, 212
Equatorial position, 418
Equilibrium, 121, 624
catulyse effect on, 652
and chemical Kinetics, 639
and concentration changss, 647
dynamic. 497
fres energy and, 798
heterogencous, 632
humogencous, 627
Higquid-sulid, 501
Tigquid-vapor, 496
multiple. 635
solid-vapor, 504
und tempestiture changes, 650
volure and pressure chumpes
amd, 645
Equilibrium constant (K), 626, 296
balanced cquution snd, 637
and equilibritm concentration
chlculntions. 643
I beterogeneons equilibnum, 855
i homogeneous equilibium, 823
and law of (mass action, 626
it multiple equilibeiy. 635
units, 629
Equilibrivm vipor pressure. 493
Equivalence point
in scid-base ritrthons, 152, 732
in redox titrations, 155
Erythrocytes. See rod hlood celis
Escape velocity, 207
Essential elements, 49
Esters, 1047




Ethane IC.H,), 1029

Ethanol (CiHOH), B3, 1183

Ethers, 1IM5

Ethyl acetule (CHyCOOCH, .
603, 1M8

Ethyl group (C.H:). 1031

Ethylene (C.H,), 1038

bonding in. 18], 442
n polymerization, 1062

Ethylene dibromide, 900

Ethylene glycol [CHyOHICHAOH)|
$40, 1045

Ethylenediamine. 1003

Fthylensdiamineterrmacean:.
Sew EIDDTA

Eutrophscation, 1022

Evaporation. See Vaporizition

Excess roigent, 99

Exclted level texeited stute). 286

Exothermic processes, 233

Exputided octel, 395

Expunided valence shell, 305, 44

Explosives, 851, 948, 976

Exponentlul notation, See
Scientific notation

Extensive propertics, ||

F

{ Onhitals, 301, 312
Fuace-centered cubic unit cell (fee),
481, 483
Factor label method, 23
Farenheit temperature scale.
See Temperature scale
Family of elements, 48
Faraday, Michael, 826, 1041
Faruday constant (F), K26
Fat cells, 250
Fermentution, 915, 1044
Ferromapgnenic subsumees, Y34
Femilizers, 103
Fingerprints, 1055
First law of thermadynurmics, 234
Fint-order reactions. 577
Fischer, Emil, 607
Fission reactions, 879
Fission repctors, 881
Flume test. Tod
Flottion method, 934
Fluorapatie, 105
Fluoridation, 98%
Fluorine, 356, U84
Nuoriduation with, 989
musy defect of, 870
oxidation number of, 136, 185
preparmtion of, Y85
uses, 989
Fluonite (CaFy), 489, 949
Flus, 936
Food irmdintion. 892
Foree, 175
adbesive, 475
dispersion, 471
intermolecular. See
Intermolecular fomces
Intramileculis, 464
unit of. 175
van der Waals, 464

Formal chirgs, 389
Formaldehyde (CH0), 444,
926, 1046
Formation constunt (K,). 738,
739 (tabie)
Formic scid (HCOOH ), S0
680, 1047
Formulis mass, 83
Formules See Chemtical formulas
Fossil fuels, 963968, 1050
Fractional crystullizition. $29
Fractiomal distillation, 337, 1050
Fractional precipitution, 751
Froctionating column, 337, 1050
Francium, 343
Frusch, Herman, 9580
Frisch process, 980
Fraunhofer, Josef, 326
Free energy (6, 791
chemical equilibeia and, 798
and electneal work, 826
i phase trausiton, 797
spontmelty and. 792
stansand free enerpy of
reuction, 792
temperature and, 795
Free rudicals, 891, 1034
Freezing point, 301
Freeeing:point depression, 530
Freons, 909, Y88
Frequency (v), 277
Frequency fuctor (A), 592
Fucl, fossil, See Fossil fuels
Fucl ¢oll, 837
Fuel value, 250
Functionul groups, 65, 1028,
1049 (sabie)
Fusion
entropy and, 797
miolar heat of, 03 (rable)
nucleur, 885

G

Galllum. 329
Galvamce cells, 518
Galvanized iron, 842
Gammu (y) mys. 43
Gamow. Georze, 6
Gangue, 934
Gastes), 9, 173
Avogndro’s law, 183
Boyle's law, 178
Charles"s law, 182
in chemical reactions, 193
Dalton's lew of partial pressure
of, 196
density of, 190
diffusion of. See DilTusion
effusion ol See Effusion
aetission spectrum of, 284
kinetic molecular theory of, 202
monatomic, 173
noble. See Noble gises
pressure ol, 174
solubility of. 530, 531.533
G constant (R, 184
units of, 185, A7
van der Waals, 212 rable)

Gasoline, 1051
antiknocking sgeats in. 1051
Gastre Juice, 708
Gauge pressute, 274
Ciny-Lussac, Joseph, 181
Geiger, Hans, 44
Cieiger counter, BN
Gienetic effects of mdiation, 891
Geohuacler. 839
Geamerrie isomen s, 08, 1037
Geametric shapes of orbitals,
299,438
Gerluch, Walther, 200
Germer. Lester, 293
Gibbs, Josiah, 791
Gibbs free energy. See Froe energy
Gilives, 494, 495 (rablo)
Giliss electrode, 832
Glucose IC."'g().I. 70, 1042
Glutamic acid, 1068, 1072
Cilycerol, 476
Glyeine. 1068, 1070
Gold
eatraction of, Y67
iohization ensrgy of, 358
oxpdation of, 972
Goadyear, Clules, 1064
Gram gy, 13
Grabum, Thomas, 208
Gratum's Taw of diffusion, 209
CGraphene, 457
Graphite, 52, 254, 492, 965
as covalent crystal, 492
entropy of, 784
CGravimetnic analysts, 149
Greenhouse effect, 014
Ground state (ground level), 286
Group (periodic), 48
Guanine, 1075
Guldberg, Cat, 626
Gunpowder. 948
Gypstm (CaS0, = 2H,0), Y49, 950

H

He See afvo Hydmgen;
Hydrogen alom
Lewls structure of, 379
molecular orbitals of, 447
potential energy of, 431
Haber, Fritz, 375, 603
Haber process, 603, 654
Hair, 1084
Halt-cell potential, See Standard
reduction potential
Half-cell reactions. 818
Hulf-life. 343, 582
ol m-14, S58
of mu-w. SK3_8KT
of nrst-order reactions, 582
of frangium-223, 343
of idine- 125, 8§89
ol jodine-131, 389
of plitonium-239, 883
of potassinm-40, 876
ol mulon-222, 924
of second-order reacnons, 386
of sodium-24, 583, 888
of technotinm-99, 889
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of mitm, 877, 8487, 962
of ranium-238, 875
ol zero-order reactions, 587
Half-reaction, 133
Hulic acids, 695, 988
Halides, 357, U87
atkull metal, lutice energy
und, 377
ulkyl 1034
hydmogen. See Hydrogen hulides
phosphorus, 974
solubility of, 122
Hall. Charles, 950
Hall process, 950
Halogen(s), 50, 356, 984
displucement of, 141
electronogntivily, 984
industrinl and biological
roles of, 89
ionizition snergy, Y84
oxoucids, 62, 988
preparation of, 985
properties of, 985
Halogenation of alkanes, 1033
Hard water, 126
Hem, 232,239
of dilution, 262
of fusion, 502
of hydration, 262
of solution. 260
of vaporization, 497
Heat capacity (€, 247
Heat content. See Emhalpy
Heut engine, 792
Heating curve, 303
Heavy witer. Ser Deuterium oxide
Heuavy water resctor. 882
Helsenberg, Werner. 205
Heisenberg uncertainty principle. 205
Helinm, 357
bolling pott ol, 471
diseovery of, 326
escape veloeity of, 207
formation af, 873
itermolecular forees in. 471
ionization energy of. 344
&

Hematite (Fe 04, 1000
Heme group, 1015, 1072
Hemodialyshs, 348
Hemogiobin (Hb)
binding of oxygen, $33, 653,
1018, 1072
s buffer. 732
carbon monoxide aflinity for, 926
production of, 653
structure of, 1018 1073
Hemolysis, 342
Henderson-Hasselbach equation, 724
Henry, William, 531
Henry's luw, 331, 533
Hertz (H2). 278
Hess, Germain H., 256
Hess's Inw, 256, 262, 376
Heterogeneous catlysis, 603
Heterogeneous equilibria, 632
Heterogencous mixiune, 7
Heterontelenr dimamic
molecules, 916
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Hexaganal close-pscked (hep)
structure, 483
Hesamethylenediamine, 1065
Hexokinuse, 607
High-spin complexes, 1014
High-temperature
superconductor, 409
Hindenbyrg, 233
Hiroshima, 881
HIV. 457
Homogeneous catalysis. 605
Homogeneous equilibrian 627
Homogeneous mixture, 7
Homonuelear dusomic moleeules,
450,916
Homopolymers, |062
Hutman immunodeficicney vins,
Ser HIV
Hund, Fredrick, 307
Hund's rule, 307, 449, 452, 1014
Hybrid orbitals, 433, 438 (rabie)
of molecules with dauble and
triple bomds, 442
A 435, 443
WL 436, 442
ap' 433
', 441
i A4
Hybridization, 434
Hydmite, 64, 1140
Hydration, 120, 26|
beat of, 262
of lons, 120, 26, 783
of protons, 128, 669
Hydrzine (N;H,), 970
Hydrides
himary, Y60
covalent, 961
interstitl, %61
iopic, Y61
phosphorus, 973
Hydrocachans, 65, 1028
uliphatic. See Alkanes
alkynes, See Alkynes
aromatic. See Aromatic
livdrocarhons
cyelonlknnes, 1038
saturted, 1029
unsutursted, 1035, 1039, 104)
Hydrochlonc scid (HCT), 128, 695
inscid-base ttrathons, 732, 739
s monoprotic acid. 128
prepantion of, Y88
Hydmeyanic acid (HCN), 680, 966
Hydmofluone seid (HF)
lonization conatant of, 680
s weuk ucid, 681
Hydrogen, 350, 960
atomic orbitals of, 299
combustion af, 11,232
displacement of, 139
1sotopes of, 46, Y62
metallic, 964
oxidation number of, 136
preparation of, 960
properties of, 350, 960
Hydrogen atom
Bolt's theory of. 284
emission spectrum of, 284

energy of, 286
Schrodinger equation and. 296
Hydrogen bomb, 887
Hydrogen bond, 473, 1671, 1077
Hydrogen bromide (HBr), Y88
Hydrogen chloride (HCI), 988
Hydrogen cyanide (HON). 174, 906
Hydrogen econormy, Y64
Hydrogen fuoride (HF). 382
425,088
Hydrogen halides, 987
acd strength of, 695
dipole moments of, 427
Hydrogen iodide (HI), 958
Kinetics of formation, 598
Hydrogen ion
hydiited, 128, 669
pH und concentration. 673
Hydrogen molecule (1)
comthustion, 11,232
Lewis structure, 379
maleculie orbital, 447
Hydrogen peroxide (H.0,), 978
decomposition of, 143, 570, 398
disproportionation. 143
as oxidizing agent, 978
pereent composition by mass
of, 85
as reducing agent, 978
Hydrogen sulfide (H.8), 981
as diprotic ackd, 692
prepuration of, 981
in qualitative analysis, 764
Hydrogenation. 963
Hydrogen-oxygen fuel cell, 837, Y64
Hydrohalic acids, 695, 088
Hydrolysis
alkaling (saponitication; base
hydrolysis), 1045
of anions, 699, 736
of esters, 601, 1048
metil jon, 701
sull, 698
Hydrmeter, 336
Hydronium jon (1,071, 128, 664
Hydtophilic internction, 549
Hydtophobic intersction,
549, 1074
Hysdroxides
ulkali metsl. 676, 705, W47
alkaline carth metal, 676, 703
L 705
Hydroxyapathe, 744, 950
Hydroxyl groups (OH groups), 1044
Hydroxyl mdical, 891,912, 919
Hypertomic solution, 342
Hypochlorous acid, 63, 989
Hypothesis, 4
Hypotonie solution, 542

I/

lee. 477

ICE method, 643

lee shuting. 507

lee-wuter equilibrium, 502
Ideal gas, 188

Iden gas equation, 184
Idenl sofution. 336

Impuritics
nceoptar, Y43
donor, 942
Incomplete octer, 394
Indicators. See acid-base indicators
Inducad dipole. 470
Inent complexes, 1017
Infrarcd active, 916
Initinl mie; 573
Inorganic compounds, 56
Instantaneous rate, S67
Insulaors, 942
Intensive properties, 11
Interference of waves. 446, 487
Intermediutes, 596
Intermoleculir forces, 174, 469
dipole-dipole forces, 464
dispersion forves, 470
n-dipole forces, 470
fon-induced dipale, 470
van der Wials forces, 469
Inteenal euergy (4/), 23§
Internitional System of Units
{81 umits), 12
Internutional Union of Pure and
Applicd Chemistry.
See IUPAC
Interstnial hydrides, 962
Intramolecular firces, 469
lodine, 356, 984
nuclear stability of, 871
preparition of. 142, 987
suhlimation of, S04
uses of. 9N
lodine-131, 889
Tomis), S0
dipositive, 340
electron configuration of, 335
hydrated, 120, 261
hysrolysis, 698
monatomic. 51
pulywomig, 51
separation of, by frctional
precipittion, 751
spectator, 124
trunsition metal, 57. 998, 1013
tripositive, 340
unipositive. 340
lon pairs, 346
lon product constant, 671
Ton-dipole forces, 470
lon-clectron method, £13
lon-<induced dipole, 470
Tomic bond, 372,374, 384
Tonic compounds. §1. 54
nomenclatre, 56
lonie crvstals, 488
lomc equanion, 124
Jonie hydrides, 961
lonic radii, 339
lonie solids Giomic crystals), 488
lomization constants
of huses, 688
of diprotic und polyprotic
ocnds, 692
of monoprotle seld, 680
lomzation energy (1K), 132,
34 (rable)
Tomzing radiation, 891

Tos-product consunt of water
(K., 07
Iomosphere, Y06
Irickium, 37
Tran, 1000
corrosion of, 84|
lermmagnetic properties
of, 934
calvanized, 842
metllurgy of. 936
Iromi 1) sulfide (FeS), 777
Isoelevtronic jons, 3135
Broluted system, 232
lsomerixs)
geometric, 1008, 1037
optical. 1009, 1034
of polymers, 1062
structural, 1029
Isomerism. See Tvomeris)
lsoprene, 1063
Isopropanol, 145
Isotuctic polymers, 1062
Isotonic solution, 542
lsotopes, 46, 838, 962
upplications of, 601, K88 1017
TUPAC. 45, 332, 1030

J

JefTreys. Alec, 1078

Jounle (1), 202

Joule. Jumes Prescott, 202
Jupiter, 207, 964

K

Kekule, August. 392, 1041
Kelvin, Lord { William
Thomson), 182

Kelvin wmperatre scale, 15, 182
Keratin, 1084
Ketones, 1046
Kilogram (kg), 13
Kinetic energy. 202, 231
Kinetic isotope effect, 963
Kinetle moleculur theory

of gases, 202

liguids and solids in, 468
Kineties. See Chemical kinetios
Krypton, 357

L

Labile complexes, 1017
Lacheymutor, 922
Lake Nyoy, 333
Lanthanide series. See Rare
eurth elements
Laser, 290, 887
Lattice encrgy (1), 261, 374
377 (rable)
of alknll metal halides, 377
and Born-Haber cycle. 374
wind chemical fommulas, 377
Lintiee pome, 479
Lase, Max vouo, 480
Laughing gas (nitrous oxide )
65,971
Law. 4
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Avosadm's |83
Boyle's, 178
Chasies's 181
of comsersation of energy, 231
of comsersation of mass, 40
Costlomb™s, 374, 826
Dalion s, of pantlal pressares, 195
of delinite proportions, 40
fest law of thermodynamics, 233
Grabn's, of diffusion, 200
Henry's, 531, 532
Hess's, 256, 258, 374
of muss action, 620
of multiple proportions, 40
of octuves, 129
Raoult's, 534
re, 573
second law of
thermody mamibes, 783
third law of thermodynurmics, 789
Le Chitielier, Henry L. 646
Le Chitelier's principle, 646
acid ontzation and, 686, 742
chemical equilibrivm and, 646
common 1on effect and, 724, 733
und eggshell formation, 762
solubility equilibria und, 753
Lead, 354
tetracthyl, 1052
wetramethyl, 1052
treatment of, 1004
Lead-206, §75. 900
Lead chamber pricess, 606
Lead storage banerics, 8335
Levlanché cell, 834
Length, ST base unit of, 13
Levoroutory bsomers, 1009
Lewis aeid, 706
Lewis hase, 76
Lewis ucid-buse theary, 706
Lewis dot symbals. 371
Lewis, Gilbert N, 371
Lewis strugtures, 380
formal charge and, 389
octet rule and, 380
and rescmance
Libby, Willard F., 38§
Ligandy, 1002, 1003 (ables
strong-field, 1014
weak-nield, 1014
Light
absorption of, and crystal fickd
theory, 1012
electromagnetic theory of, 278
parmiche-wave dualiry of, 251, 289
plase-polarized, 1009
speed of, 279
Light water reactors, 384
Lime, 795, 921
Limesione. See Calcium carbonute
Liming, 92|
Limiting reagents, 99
Line spectru, 284
Linear molecule. 417, 235
Liguid(s), 10,475
properties of, 468 (nabie)
solutions of lguids e, 521
solutions of solids . 52

92

surfpce tension in, 475
viscowity of, 476
Laquid erystuls, 508
Liyuid-solid equilibrium, 301
Liguid-vapor cquilibrium. 496
Liter (L), 14
Lithium, 351
Lithinm dentende 1LiD), 887
Lithium fluoride (LiF), 374
Lithivm oxide (L1:0); 351
Litmus, 127
Living systems
coordination compounds in, 1018
thermodynumics of, 802
Lock-and-key theory, 607
Loganthm, A-13
London forces, Sev Dispersion
foroes
London, Fritz, 471
Lone pairs. 380
Low-spin complexes. 1014
Lucite (Plexiglas: polymethyl
methacrvlate), 1061
M

Macromolecules, See Polymers
Mucroscopic propetties, 12
Mugic number, 367
Mugnosium. 156, 353, 940
hand theory of, 941
cathidic protection with, 842
combustion, 133
preputation, 156
Magnesium hydroxide [Mg(OFH). ],
156, 7049, 9449
Maguesium nitride (Mg N, 949
Magoesium oxide (MgO), 133, 949
Magnetic conlinement, 886
Mugnetic ficld
ol electromugnetic waves, 279
clectron spim amd, 298, 303
Magnetic quantum numbet (). 298
Mugnetism, 305
ol comples ons, 1014
diamugnetism. 306, 1014
fermomagnetism, 934
parumagaetsnt, 306, 440, 1014
of mansition metals, 1014
Magnetite (FesOy), 1001
Main group eloments, 332
Manganese dioxide (MO, ), 198, 602
Munganese nindules, 934
Manometer, 177
Many-clectron aloms, 297
Marble, 449
Markovnikoy, Viadimir, 1037
Markovnikov's rube, 1037
Marsden, Emest, 44
Mursh, Jumes, 170
Marsh gas. See methane
Mursh test, 170
Martian Climate Orbiter, 17
Muss, |1
Womic. See ATmic sy
criticul, 880
defect, 870
electron, 46
formula, 83

maolar, 78, 191, 534
maoleculur, §1
number (A). 46
percent compusition by, See
Percent composition
S! buse unit of, 13
of subiomic particles, 46
sberitical, S840
Mass action, law of, 626
Mass defect, 870
Mass number (A), 46
Mass spectmneter, 84
Mass-energy conversion,
40870
Maurter, 6
clussificution of, 6
conseevation of, 40
Maswell, James, 203
Muxwell speed distribution. 204
Mean square speed, 206
Mechanical work, 237
Meling, entropy and, 797
Melting point, S04
of alkali metal halides, 374
of alkali metals, M43
of dimunond, 492
of francium, 43
pressure and, 506
of quarts, 492
Membrane potentisl, 833
Mendeleev, Dmitri, 329

in almalgam, 848, 934
in srometers, 176
mineral extruction with, 934
Mercury battenies, 834
Meroury oxide (HgO). 139,
233,780
Mesosphere, 96
Memabolism, 803
Metal(s), 48, 493,932
ulkali. See Alkali metal(s)
alkaline eurth, See Alkaline
carth metul(s)
honding n. 493, 941
ciimage, ASS
displacement reactons, 1460
cormsion. See Commosion
in ionic compounds, 58
ucetinence of, Y34
preparution of, 935
propertics of, 48, 943
puritication of, 939
Metal hydndes, %61
Metal jon
clectron configurations, 334
hydmlysis of, 701
i, 340
Metullic bords, 493, 44)
Metullic crystaly, 493
Metallic elements, 48, 493, Y32, Ser
also Metul(s)
Meullouds, 48
Metllurgy, 932
coordimdion compounds wu,
939, 967
pyrometallurgy. 935
Metathesis reaction, 121
Meter, 13
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Methane (CH,)L 1029
combustion of, 243, 1033
hydeate, 10400
malecular geometry of. 415, 434

Methane hydeate, 1040

Methanol (CHOF), 423, 1044

Methy! acetate, ol

Methyl chloride, 1033

Methy! group, 1031

Methyl radical, 1034

Methyl propyl ether (ncothyl), 1046

Methylene chloride, 1033

Methyl rers-butyl ether

(MTRE), 1082

Metne unit, 12

Meyer, Lothar, 3249

Microscopic propenies. 12

Microstute, 781

Microwave oven, 428

Microwaves. 280, 425

Milk of magnesia, 700, 755, 949

Millikan, Robert A 41

Mincral, 933 (rabie)

Miscible Tigguidy, 523

Mistuee, 7
guc low of partial pressures

and, 19§
heterogencous, 7
homogenemss. 7
racemie, 109

Moderutor, $81

Molal boiling-point eleviation

constant, 539
Molal freezing-point depression
constant, 539

Malaliy (m), 325

Muler concentration, 145

Muolor heat
of fusion, S02 (able)
sublimation, 304
ol vaporization, 497, 498 (rabley

Molar masy, 78, 191, 544

Molar solubility, 747

Molasity (AL 145, 525

Mole tmol), 77

Mole fraction (X, 197,525

Muole methed, 95

Moleculiar compounds, S4

Mulecubiar crystals. 493

Moleculir equation, 123

Molecular formula, S2, 89

Molecular geometry, 413
ol coordinating compounds, 1007
of cycipalkanes, 1035

Molecular mass, 81

Molecular models, 52

Molecular orbital theory, 445

Molecular orbitals, 445
bonding and antibonding, 446
conligurutions of, 448
delocalized, 454
energy level diagram of, #47,

440,451, 452,453

Molecular rottion, 784

Moleculir shapes. See Maleculu

geometry
Maolecular speed, 206
distrthution of, 203
100t fuean-sguuire, 206
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Maolecular vibrazion, 784, 916
Molecular weight, See
Molecular muss

Moleculurity, SY6
Molecules, 50

¢hermical formulies and. 52

chiral, 1009, 1034

dutonue, SO

linear, 417, 435

nonpolar, 426

add-clectron, 395

planar, 47, 436, 442

polar, 426

polyutonic. 30
Monatomic gases, 173
Monatomic fons, 51
Mond. Ludwig, Y39
Mond priocess, 939
Monodentate Tigunds, 1003
Maonomers, 1061, 1066 (ahie)
Maonoprotic acids, 128, 679
Maseley, Henry, 330
Maont probable speed, 204
Multiple bonds, 380), 442
Multiple equilibria, 633
Multiple proportions, fuw

of, 40

Myoglobin, 1018

N

N.. See Nitrogen
rr1ype sermconductors, 942
Naugasaki, 88|
Numing compounds. See
Nuomenelature
Naphthuiene (CHy ) 1043
Napolean, 170, 404
Nt Giulio, 1063
Naturnl gas, 1029
Notural polyiers. 1063, 1067
Negative devianon, 537
Neon, 84, 357
Neoprene (polychloroprency, 1064
Neothyl, 1046
Neptunium, 883
Nemst, Walther, 830
Nemst equation. 830
Net 1onio equarion, 124
Newteahizuhon reactions, |30,
151,732
Neutron, 45, 865
Neutron activition
analysis. 171
Newlands, John, 329
Newton IN), 4, 175
Newton, Sir s, 175
Newron's second law of motion,
417,175
Nickel, 998
chemical unalysis of, 1020
extraction of. 939
Nitmc acid (HNO, ), 677, 972
Oswald process in production
of. 604
2% oxidizing asent, 972
an strong acid, 677
Nitric paide (NO), 19967
Nitride ion, 969

Nitrogen, 355, 969
boading in, 381, 453
carmmon compounds of,
069 trable)
preparation of, 969
Nimmogen cycle, WM
Nitrogen dioxide (NO,), 625,

631,971
i smog (mmn[{lm. 922

Nitrogen fixation, 903
Nitrogen nacorsis, 201
Nitrogen pentoxide (N,O¢), §79
Nitroglycerin, 399
Nitrous oxide N,O (laughing pas)
6s,971
Noble gus core, 310
Naoble gases. 50, 357, 360
Node, 289, 446
Noguchi, Thomas, 562
Nomenélature
of ucids. 56
of seids and their conjugate
bases, 677 (tuble)
of alkanes. 66, 1036
ol alkenes, 1036
ol alkynes, 1039
of anlons, 57 (able), 106 (Lble)
ol wromatic compounds, 1041
of hases, 64
of cations. 58 (ble)
of common compounds,
65 (rabje)
ol coordination
compounds, 1005
of hydrates, 62
of inorganic compounds, 56, 61
of moleculur compounds. 59, 61
of axoncids, 63 (thle)
of oxounions, 63 Guble)
of simple acids, 62 (raie)
Nonbondisg electrins, 380
Nonelectrolyte(s), 119
Nonelectrolyte solutions, colligative
propertics of, 334
Nonfdenl gus behavior, 210
Nonmetal, 48, 938
Nonmetalhe clements, 48, Y58
Nonmetallie oxides. 358, 977
Nonpolar molecule, 426
Nanspoutaneous reactions, 779
Nonstoichiometnic
compourds, 962
Nonvolatile solutes. 534
Nuclear hinding energy, 864
uuchear stubility and, 864
per nugleon, 871
of uranmium, 80
Nuclear chain reaction, 880
Nuelear chemistry, %64
Nuclear devay series, 872
Nucloar energy
from fission reactors, 881
from fusion reactors, 8835
haeards of, 883
Nuslear cquation, 8§65
Nuzlear fission, 8§79
reactions, 879
reaciins, 881
Nuclenr fusion. 885

Nuclear reactions, 863
halancing. 865
and decny seties, 872
tssion. 874
fusion, 885
muoderator of, 881
nature of, 865
by transmution,
760, 878
Nucheur reactors, 881, §80
breeder, $83
fission, 881
fusion, 856
heavy witer, 882
light wuter, 881
natural, 884
thermal pollution
amd, 882
Nucleur stubility, 867
Nuclear transmitation, 565, 878
Nuclear wastes, 885
Nucleic acids, 1075
Nucleons, 46, 864
Nucleotide, 1076
Nucleus, 44
density of, 567
rudius of, 867
Nylon (polybexamethy lene
adipamidey, 1065
Nylon rope trick, [U6S

0

Oy See alser Qxygen
preparation of, 977
properties of, Y77
solubility, 53(), 333
0.. See Ozone
Octehedron, 419
Octune number. 1051
Octaves, law of, 320
Octet rule, 380
exceptions 1, 394
Odd-electron molecules, 395
il
s fossil fuel. 964, 1050
mare prepagmion, 934
Ofl, hydrosenated, S06, 962
Oletins. See Alkenes
Oleum, 9583
Open system, 232
Optical somers, 1009, 1034
Orbitals, See Atomic orbitals;
Hybnd orbitals: Maolecular
urbitals
Ores. 933
preparation of, 934
roasting of, Y19, 935
Organie chemistry, 1027
Orzanic compounds, 56, 65, 1027
Organic polymers, See Polymers
Orientution factor, 396
Orthoboric ucid (horie) acad, 707
Orthoclase. See Phosphonic acid
Osmosis, 541
Osmatic pressure (), 541
Ostwakd, Wilhelm, 604
Oswald process, 604
Orto evele, 1051

Overlap
i hybridization of somic
orbitals, 434
i molecular orhitals, 446
ti valence bood theory, 431
Overvoltage, 845
Oxalic ueil, 647
Oxidution numbers. 135
assignment of, 136, 385
and electronegativity, 385
of lalogens, 38
of metals in coordination
compounds, 1004
of nonmetullic elements, 138
of transition elements, |38, 1060
Oxidution reactions, 133
Oxidation states, See Oxidation
numbers
Oxidation-reduction resctions
(redon resctions), 132
hulancing cquutions of, 815
quantitatiye aspects of, 158
spontuneots, 326
Oritdes
achdic, 359, 704, 977
umphotenc, 259, 704, 977
hasie, 359, 74, 977
Onxilizing agent, 134
Oxoacud, 62, 107, 988
Oxoamion, 63
Oxyucetylene 1oech, 259, 1039
Oxygen, 356,977
alkali metal reactions
with, 351, 945
ullotropes of. 52, 254, 977
m blood, 533, 653, 734
hemoglobin and, $33, 653,
T35, 1018, 1073
mokecular orbital theoey of,
446,452
oxidation sumber ol 138, 358
parunugnetism, 446
and photosynthesis, 601903
prepamtion of, 977
Oxygen cycle, W
Oxygen-hydrogen fuel cell, 837
Oxygen-propane fuel cell, 538
Oxyhemoglobin, 533, 653, 735,
1018, 1075
Ozone, 32,979
depletion of, 908
prepamtion of, 979
properties of. 979
TERONANCE structure of, 392
in smog fomation, 922

P

1 Orbitals, 300
Py, structure of, 973
petype semconductors, Y43
Packing elliclency, 482
Palladium, 962, 1020
Paramagnetism, 306, 446, 10)2
Partial pressure, 195

Dilton's kaw of, 196
Particle secelerators. 877
Particle theory of Tight, 281
Particle-wave duality, 281 280



Pascal (Pa), 175
Pascal. Hlwse, 178
Passivution, 842
Paving, 842
Paull, Wolfgang, 305
Pauli exclusion principle. 305, 447,
449, 1044
Punling. Linus. 383, 1070, 1074
Penetrating power. 306
Pentiune (CoH, ), 1030, 1031
Peptide bomd, 1068
Percent composition by mass,
BS, 524
Percent hydrolysis, 649
Pereant lonie charcter, 384
Percent wmization, 686
Percent vield, 103
Perchlone acid (HCI0,), 63, 677,
607, UK
Perhalic scids, 988
Period, 48
Periodic group. 48
Perladic tuble. 48, 329
atomic mdii trends b, 337
clectron affinity trends m, 34§
clectronegativity trends in, 381
fumifies i, 48
groups in, 48
historieal development of. 329
fondzstion encrgy trends in, 345
petiods of. 48
Permunent wave, 1084
Permungamate jon, a5 oxidizing
agent, 133
Peroxide, 352, 977, 1045
Peroxyacety] nitrte (PAN), 922
Petrolenm. 1050
pH, 673
of acid-hase tireationy, 733,
737,740
of seid rn, 919
blood, 734
of buffer solutions. 730
common jon effect on, 723
solubility equilibein und. 753
pH meter, 673, 732, 832
Phiarmucokinetics, 608
Phase, 468
Phase chunges, 445
effects of pressure on, S06
and entropy, 797
liquid-xolid, 501
Tiquid-vapar, 4496
solid-vipor, S04
Phitse diugrams. 503, 506, 965
Phenolphthalein, 152,743
Phenyl group, 1042
Phosphate buffer, 731
Phosphate rocks, 105,972
Phaosphine, 973
Phosphoric acid (H PO, 128
044,975
ionizution constants of, 602
Phomhaorus. 355, 972
allotropes of, Y73
m fertilizess, 102
Phosphorns acid (H, PO, 975
Phosphorust V) oxide (P00, ), 974
Phosphorust 1 saide (PO, 974

Pliosphorus pentachloride
(PCL), 074
Phosphorus trichlonde (PCH ), 974
Photochemtical smog, 921
Photodissociation, 90§
Photoelectric effect, 281
Photons, 281
Photosymbests, 611, 903,95
carbon dioxide and, 601, 915
<hlprophy !l i, 1019
Isotope applicutions (o, 601, 915
oxyeen and, 601, 903
Physical equilibrim, 624
Physical properties, 10
Pl ) bond, 442
Pi () molecular orhitals. 447
Pig (cust) fron, 937
Pipet, 12
pR, 724
Planck, Max, 277, 280
Planck constumr (), 281
Plane-polirized light, 1009
Plants
In carbon eyele, Y14
osmotic pressure in, 543
Plasmmis, 886
Platinum
s caalyst, 604, 923
us electrocatalyst, 820
therapeutic uses of complexes
oL 1019
Plato, 39
Plutonium-239, 881, 853
pOH. 674
Polar bonds, 332
Polar covalent bonds, 382
Polur molecules, 426
PPolur azone hole, 910
Polur solvent, 120
Polacdmeter, 10609
Polarizability, 471
Polarald tilm, 1009
Pollution. See Environmental
polluton
Polyutomic jons, 51
Polymomic molecules, 50
Polychlomprene (neoprenes, 1064
Poly -civ-isoprene; 1063
Polyeselic aromatic
hydrocarbony, 1043
Polydentate ligands, 1004
Polvester, 1065
Polyethylene, 1062
Polyisopropene. See Rubbey
Polymerts), 1061, 1066 (rable)
Polymertzation
by addition, 1062
by condensation, 1068, 1067
Polypeptide, 1070
Palypropenes. 1062
Polyprotic acids, 128, 690
Polytetrafluormethylene (Teflon),
UR0, 1062
Palytvinyl chlonide), 1062
Porphine, 1018
Porphyrins, 1018
Positive deviation, $37
Pasitron, 866
Potassium, 351, 945

Potassinm-<40, §76
Patassium chlorate (KCHO, g,
198, 602
Potissium dichromate (K-Cr.0,),
144155, 815
Powassium hydrogen phthalate, 152
Potussium hydroxide (KOH), 947
Potssium nitrate (KNO,), 947
Potissium permanganate (KMnt), ),
155, 816
Potassium superoxide (KOs,
351048
Patential. See Standurd
reduction potential
Potentinl energy, 231
Precipitute, 121
Precipitation reaction, 121, 750
fon separation by
fructional. 751
Precision, 22
Prefixes
nomenclatre, 00 (fable)
Stunie, 13 (ahle)
Pressure, 175
atmospheric, See Atmospheric
pressure
chemieal equilibrinm and
chanpes in. 648
critieal, 301
gas, 174
osmone, §41
purtial, 195
phase changes and, 506
Slunit, |75
vapor. Ser Vapor pressure
Pressure cookers, 507
Pressure-volume relationship of
gay, 178
Primary pollutunt, 921
Primary structure, 107]
Primary valence, 1002
Principal quantum number (1},
286, 297
Probubility, in electron distribution,
206, 300
Problem solving, 25,27, 79, 682
Product, V1
Propune, 1029
Propanc-axygen fuel ceil, 838
Propene, 1037
Propertics
chemical, 1]
oxtensive. |1
intensive, |
macroscopic, 12
microscopic, 12
physical, 10
Propyne (methylacetylenc). 1039
Protein, 1070
denatured, 776, 1075
structure of, 1070
Protium, 962
Proton, 44, 865
Proust, Joseph L_ 40
Psendo first-order
resctlon. 585
Pyrex plass, 495
Pyrite, 950
Pyrometallurgy. 935

Index -9

Q

Quadmtie equation, 682, A-14
Qualitative unalysis, 763
Qualittive dat, 3
Quantitative analysis, 149, See atso
Acid-base titrmtions
gruvimetric, 149
ol redox reactions, 155
Quantitunive data, 4
Quantm, 80
Quuntum dor, 314
Quantum mechanics, 296
Quantum numbers, 297
angulir momentum, 208
electron spin. 208
magnetic, 298
principal, 286_ 207
Quantm theory, 277
Quartz
erysialline, 492
melting point of, 492
structure of, 495
Quaternary structure, 1071
Quicklime. See coleium oxide

R

Racemic mixture, 10609
Rad, 890
Radiant energy, 231
Rudiation, 41

biological effect of, 8%

Climate and. 915

electromagnetic, 279

jonizing. 841

solar. See Solar radiition
Rudiatiom dose, 89|
Ruticals, 395, 891, 1034
Ridlosetive decay senes, §72
Radioaetive isotopes. 888
Rudioactive waste disposal, 883
Ruodioactivity, 43

artilicial, 877

hiclogical effects of, §90

namral, 872

nuclear stability and, 867
Radiocarhon dating.

S8K, 875

Radiotracers. 88
Radiurm, 890, 900
Radius

atomie, 337

onie, 40

nuclear, 867
Radan, 3o, 923
Rumsay, Sir Willium. 360
Raoult, Fruncois M., §34
Risoult's luw, 534
Rare carth series, 512
Rate conatunt, $69
Rate-determining step, 597
Rule law, 573
Rate of reaction, 363

and stoichiometry, 571
Rays

alpha, 43

bhety, 43

Lumma, 43
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RBE {relative biological
effectiveness), 89()
Reactunts, 91
Resenion. Se¢ Chemcul reactions;
Nuclear reactions,
Thermonuclear reactions
Reaction mechunisms, 396
elementary steps. 596
experimental study, 600
and moleculurity of
reacton, 396
Reuction onler, 73
determination of, 573
firsvorder, 577
second-oeder, 584
rero-arder, SRT, 608
Reaction quotient (Q.). 641, 746,
98, 830
Reaction rate, 565
Reaction yield, 103
Reactors. See Nuelear reactors
Red blood celly (erythrocyies),
T3 1074
Red cabbape, 743
Red phosphoms, 973
Redox reactions. See Oxddution-
reduction reactions
Redox titration, |55
Reducing pgent, 134
Reduction potential, See Stundurd
reduction potential
Reduetion resction, 133
clectrolytic, 935
of minemls, 935
Refining of metuls, 939
Relanve hological effectivencss
(RBE), 890
Relauvity, theory of, 870, 877
Rem, 890
Representative (main group)
clements, 332
Residue. 1070
Resanance, 392
Resonanee structure, 392
Revermible reaction, 121
Reversible renuturation, 1078
Ribanucleic acid, See RNA
RNA, 1075
Roasting of ores. 919, 035
Rocks
age determitution of, 875
phosphate. 105, 973
Rontgen. Wilhelm, 42
Root-mean-square speed. 206
Rottion
about bonds, 1038
molecular, 784
of plune-pblarized light. 1009
Rowutional motion, 784
Ruobber {poly-cis-bsppropenc), 1063
matural, 1063
structure, 803, 1064
synthetic, [064
thermisdynamics of, 803
vuleanization, 1064
Rubbing (isopropyli
alcohol, 1045
Ruby laser, 240
Rust, 4, 841

Rutherfond, Emest, 42, 330, 874
Rydberg Johummes, 286
Rydberg constant (Ky), 286

7 Orhitals, 209
S, structure of, 98|
Sacrficwl snode, 843
Salts, 130
hydrolysis of, 69§
Salt bridge, ¥1%
Sult hydrolysis, 698
Saltpeter (KNOy ), 947
Saponitication, 1048
Suturated hydrocarbons, 1029,
See ulvo Alkanes
Samrated solutions. 521
SHR (styrenc-butadiens mbber), |06
Scamning electron microscope. 294
Scatiering eaperiment, 44
Schrddinger, Erwin. 206
Schrodinger equation, 206
Scientitic method. 4, 6
Scaienufic nomtion, 18
Scubu diving, 200
Second law of motion, 4, 17, 178
Second law of thermodynumics, 783
Sccondary pollutant, Y21
Secondary structare, 1071
Secondary valence. 1002
Secomd-order reactions, 534
Seed crystuls, 521
Semiconductons, 942
Semipermeable membrane, 541
SHE {stundard hydrogen
electrode), 820
Shell, 208
Shielling constant, 336
Shieliling effect, 330, 336
Shroud of Tunn, 389
SEunits (nwrnutional System of
Units), 12
Sickle cell anemis, 294, 1074
Sigrtia () honds, 442
Sigma (er) molecular orbital, 446
Significant ligures, 19, 634, A-13
Silica glass, See Quurtz
Siliovn, 354
doping of, 942
purification of, 940
Silicon carbide (SiC;
curborundum), 966
Silicon dioxide (Si0,),
492 405
Silk, 1071
Silver
cutrosion of, 842
extraction of, Y67
lonization energy of, 358
Silver bromide (AgBr).
RELIE
Silver chloride (AgCh
fractional precipitation
of, 751
gravimerric analysis of, 149
solubility and, 744
Silver iodide (Agl), 990
Simple cubic cell (se¢), 481

Simplest formulis, 3, 88
Single bond. 380
Shig. 937
Sliked lime [ealcium hydroxide,
CartOH). |, 950
Smalting of vres. 919, 935
Smog. 921
Snowntaking. 240
Sonp, 550
Sodia s (sodiom carbomite,
Na,C0O,). 947
Sixla fime glass, 495
Sodium, 351 945
production of, 445
reaction with wuler, 139
Sodium ucetate (CH,COONa), 521,

723,777

Sodium acetite-acetic acid systent
723,727

Sodium carbonate (Na,CO: wods
ash), 927

Sodium chloride (NaCl), 34, 378
electrolysis of squeons, 845
electolysis of imolies, 843
melting ice with, $39
structure of, 54

Sudium fluoride, 989

Sodiim hydroxide iNaOH:

caustic sodu), 947
e supombcution, 1048
i ttrations, 152, 733

Sodium nitrate (NaNO, ), 947

Sodlum peroxide, 352

Sodium stearute, 550

Secdivm tripolyphosphate, 1022

Soft water. 126

Solar eneryy, 23|

Solar radiation
us energy source, 231
i hydrogen preparation, Y64
oxygen balaoce and, 908
wrone prvecting from, 909

Solder, 521

Saltds
chaructesistic properties of,

10, 468
solutions of, in liguids, 521
tempermnture and solubility
of, 5329
See ulso Crystal(s)

Solid-vupor equilibrivm, S04

Solubility. 122. 747
commaon son effect and, 753
zas, 530, 531, 533
molar, 747
rules of, 122
und temperature. 529

Solisbility equilibria, 744
common lon effect und. 753
complex ions and, 758
in fractional precipitution, 752
pH and, 755

Solubility product, 744, 745 (rable)
molar solubility and, 749 (rable)
qualitutive analysis of, 763

Solubility rules, 122

Solutes, 119
nonvolatile, 535
volutile, 335

Solutiontsy, 114
concentration units. 145, 524
dilution of, 147
electrolyte. colligutive
propemies of, $46
heat oF. 264
ideul, 536
Isotanic, hy pertonic. und
hypotonic, 542
nonelectralyte, calliganve
properties of. 534
saturuted, 321
standard, 151
stock, 147
supersiturated, $21
1ypes of, 521
unsaturated, 521
Solution process. $22
Solation stoichiometry, 129, 151
155,732
Solvarion, 323
Solvay, Emest, 947
Solvay process, 947
Solvent, 119
Somatic elfects of radiation. 891
Sorensen, Soren P 673
ap Hyhridization, 435, 443
sp” Hybndization, 430, 442
s Hybridization, 433
'l Hybridization, 441
sp'd’ Hybridization, 441
Space shuttle glow, 908
Space-filling model, 53
Specitic beat (v), 247
Spectator ons, 124
Spectrochemical series, 1012
Spectrum
absorption, S67, 1013
emission. 284
visible, See Visible speceram
Speed
of electromagnenic waves. 29%
of light, 279
Maxwell speed distributos. 208
st probable, 204
rool-mean-square, 206
Spin. See Electron spin
Spontineous processes. 779, 792
Square plamar complex. |08
Stability
belt of, Y90
nuglear, 990
Stability constant. See Formation
constant
Stable nucleus, V)
Stainless steel, 939
Stulactites. 722
Stalagmites, 722
Standurd utmospheric prossare, 176
Standnrd cell potential, 820
Stundand eloctrode potential, 20 S
wlso Standand reduction
potentinl
Stundard emf, 820
Stinilard enthalpy of formation
(AHY), 255, A8
Stundard enthalpy of reaction, 235
Standurd entropies (87), 782, A8
Standard entropy of reaction, THG



Stamdard free energy of formarion
(AGT), 795, AR
Standard frec energy of reaction, 792
Stunddard hydrosen electrode,
(SHE), 820
Stasdard reduction potential, 820,
823 (tuble)
of transition ¢lements, Y99
Stundard solution, 151
Standard state, 254, 792
Stundurd temperiture und pressire,
ISTP), 185
Stinding waves, 289
State
esited, 256
ground, 286
oadation, See Oxidation numbers
stundand, 254, 792
thermodynumic, 234, 792
Stute fupctions, 234
State of 4 system, 234
Staudinger, Hermuann, 1061
Steel, 937
Sterevisomens, 1008, 1034, 1003
Stert, Olto, 299
Stock, Allred, 57
Stock solution, 147
Stock system, 57
Stolehiometnie amounts, 99
Stoichiometry, 935
actital, theoretical, and percentage
yiclds in, 103
and gas reactions, 193
rate of resction wnd, 571
Stone loprosy, 918
ST (stundurd tempersture il
prossare), 185
Strstight-chain alkanes, 66, | 029
Strutosphere. 906
Strength
of soids and huses, 111, 675
molecular structure and acid, (94
Suong weidy, 675
Strong bases, 676
Strang-field Hgasmds, 1014
Strontium, 353
Strontium-90, 353
Stvctural formula, 53
Structural isomers, 1029
Structure, achd strength and, 693
Strute. Johny Willinm (Lord
Rayleighy 360
Styrene-butadicne rbber
(SHR), 1065
Subatomic particies. 46. 865
Suberitical mass, 850
Sublimation, S04
Subshell, 293
Substance, 7
Substitued alkanes, optical
Isomenism of, 1033
Substitution reactions, 1042
Substrates, 607
Subunits, 1018, 1071
Sulfur, 356, 493, U50
allotropes of, Y81
combustion of, 135, 235
common compennds of, 953
deposits al volcanic sites, 913

extraction by Frusch
process, Y80

I vulcanization process, 1064
Sulfvre dioxide (50.), 982

In seid rain, 919

Lewis structire of, 419
Sulfur hesufluoride (SF,), 396, 419,

501, 983

Sullur etrafluoride (SF,), 421
Sulfur trioxide (SO, ). 910, 982
Sulfurie acid (H.S0,), 982

in butleries, 835

as diprotic acid, 125, 692, 982

heat of dilution, 262

as oxidizng sgent, 983

produstion of, 982

&5 steong acid, 675
Sun. See i Solur rudiarion

ciission spectrum of, 326, 915

nuclear fusion m, 883
Superconductors, 490
Supercooling, $01
Superoside fon, 351,977
Supersaturated solution, 21
Surface tension, 475
Surroundings. 232, 788
Syndiotactic polymers, 1063
Syngius. Y68

Synthetic rubbery (elastomersy, 1064

Syatem
closed, 232
defined, 232
isaled, 232
open, 232
stinte of, 234

/

Technetium-99, 880
Telon tpolytetrafiuorethy lene .
986, 1062
Temperature
chemical equilibria and
changes, 650
entical, 501
ud rute of reaction, S
sclubility and, 529
and waser vapor pressure,
199 (tabie)

Temperature scules

Celyius, 15, 182

Farenheit, 15

Kelvin, 1S, 182
Temporary dipole, 471
Termiles, 1029
Termolecular reactions, 3%
Temary compound, 57
Tertiury structure, 1071
Teteucarbonylmickel NHCO,), 9309
Tetracthyllead [(Col), M), 1052
Tetrmbedral complex. 1008
Tetruhedon. 418
Theoretical yield, 103
I'eory, S
Therapeutic chelating agents. 1020
Thermal energy, 231
Thetmal maotion, 205
Thermal (sdow ) neutrons, §70
Thermal pollution. $30, 882

Thermite reaction, 239, 98|
Thermochemical egquation, 243
Thermochemisiry, 232

Thermodynamic efficiency, 793, 838

Thermodynamics, 234, 778
first law of, 234
n living systoms, 802
second law of, 785
third fsw of, 789
Thermonuclear bomb, 887
Thermanuclear reactions, 885
Ihermosphere, 906
Thiocacctamide. 982
Thiosullate ions, 885
Third law of thermody tamics, 780
Thomson, George P, 203
Thomsan, Josepls ). 41,43
Thoriwm-232, 883
Theee Mile Istand nuche
reactor, 885
Threshold frequency, 282
Thymine, 1076
Thymoid plamd, S8
Thyrmxine, 990
Time
SLunitof, 13
Tin, 354, 494
Timctwre of foding, S0
Titanium dioxide. 72|
Titanaum( 1 chlonde
(TiCL,), 1063
Tiwation
ackd-hase, 151,732
redox, 155
Titrution curve, 733, 737, 740
Tokurtik, 886
Toluene. 536
Tooth decay. 848
Torr, 176
Torricelll Evangelist, 176
Toxicity
of arsemic, 170, 1088
uf carbon dioaide, 533, 926
af carbon monsside, 926
of carbon tetrachlonide, 1034
ol chlorotorm, 1034
ol cyamide. 966
of deutenum oxide, 963
of formaldehyde. 926
of gases, 174
of hydrogen sulfide, 982
ol methanol, 1045
of ezine, 922, 980
of plutonium-239, 883
of mdon-222, 024
of smog. 92|
of strontium-90, 353
of sulfur dioxide, 982
of tetrocarbony laickel, 939
of whité phosphorus, 973
Tracers, $88
Trans somers. See Cix-framy 1sumers
Transition metalis), 57, 312,
331,997
electron contiguration of,
335,998

oxidation numbers of, 138, 1000

propertics of, 998
Transition metal oxides, 705

Index I-11
Fransition stue, 391
Trunslational motion, 784
Transmuration, nuclear, 870, $78
Transpication, 343

Transurunium clements, 878 (uthle )
Triethy babumimem |ANC:H, ), |, 1063
Triganal bipyrumid. 418
Trinitrotoluene (TNT), 881

Triple bonds, 381, 443

Triple pont, 303

Tripolyphosphate, 1022

Tripositive som, 330

Triprotie acid, 125, 694

Tritium, 46, 877. 962

Tromu, Y37

Tropwsohere. N6

Tyndall, John, 549

Tyndall effect, 349

Tyvek, 1062

U

Uneertainty principle. 295
Unimolecular reaction, 596
Unipositive fon, 340
Unit, SI, 12
Unit cells, 479
Unsaturuted hydrocarbons, 1036
Unsiturted solutions, 521
Unshured electron pairs. 380
Urantium
fission product of, 879
satopes of, 47
Urnniuin decay series, 873
Uraniim oxide (U,0,), 882
Urnnlum-235, 47, 879, 880, 881
Uranium-238, 47, 883
abundance of, 883
duting with, 8758
decuy of, 873
Urea
in fertilizer, 105
preparution of, 1028
freatment of sickle cefl
anemia, 1074
V

Vialence, 1002

Valence band, 941

Valence bond theory, 331

Valence electrons, 332

Valence shell, 415

Valence shell expansion, 44|

Valence-stiel] electron-pair repulaiog

(VSEPR) model, 415
and molecules in which central
atom has 0o fone
puirs, 415
and molecules in which central

atom has ane of mole
lone pairs, 414

Valibe, 1076

Van der Waals. Johanoes 1, 211

Van deér Waals constants, 212 (rabie )

Van der Wials equation, 212

Van der Wils forces, 469

Vi Meegeren, Han. 900

Vanadium( V) oxide (Vi0,). 953



I-12 Index

van't Hof¥, Jacobus, 536
van't Holf factor (1), 546
Vapur, 174
Vapbr pressure, 199, 496
Vaporization (esaporation ), 496
entropy und, 783
molar hewt of, 497, AUS (rable)
Vapor-pressure lowering. 534
Vector, 426
Vermezr, Jan, Y00
Vibmtional mohon, 784, 915
Viscosity, 476
Visible spectrum, 280, 1013
Vision, 1038
Vitumin C, 680
Volatile solutes, 535
Volcanoes. 913
Volt, 826
Voluge, 819, Sev alsu
Electromotive lore
Voltie (galvanic) cell, 818
Voltmeter, 819
Volume, 11
chemicul equilibria umd
changes in, 648
constant, 248
Shumi of. 14
Volumetric fask, 12, 146
VSEPR. See Valenceshell
electron-pair repulsion
model
Vuleanization, 1064

w

Waage, Peter, 626
Waste disposal, rudionctive
wilste, 885
Water
scid-huse properties of, 670
sutoionizistion of, 671
density of, 478
dipole moment of, 427
electrolysis of. 844
flunndation of, 989
hard, 126 '
hydrogen bonds ., 477
on product constant (K, ) of. 671
ux moderator, 881
Plusse diugram of, 506
solt. 126
specific heat of, 247,477
structure of, 477
surfuce tension of, 475
vapor pressure of, 199 Gable)
vibrational motions,
784,918
viscosily of, 476
Winer gas, 960
Water vupor. pressure of
199 (table)
Watson. James, 1076
Wam. 933
Wave function, 296
Wave mechanics, 296

Wavelength, 277
color and, 280, 1013
radiztion and, 279
Wive-particle duality. 281, 289
Waves, 277
amplitude, 277
electromugnetie. 279
frequency, 277
inmerference, 446
length, 277
propemies of. 277
standing. 290
Weak acids
detined, 676
ionization constants ol 680, 692
strong hase reactions with, 736
Weak hoses
dehined, 677
lonization constants of, 687
strong acid reactions with, 739
Weak-fiehd liganis, 1014
Weight, 13
atomic. See Atomic mass
moleculir. See Molecular mass
percentage, composition by, See
Percentuge composition
by mass
Werner, Alfred, 1002
White lead [Phy(OH) 00, ).]. 900
White phosphorus, 973
Waohler, F., 1028
Wood aleohol. See Methanol

Wood's metal, 363
Work. 231, 230
electrical, 826
free encrgy and, 326
and giss expansion, 237
Wark function, 282

X

X rays, 42
WiTraction of, 486
perindic tuble und, 330
Xenon, 357

Y

Yields
actual, 103

percent. 103
theoretical. 103

Z

Zero electron density (node),
289, 446
Zero-order reactions, 587, 609
Zicgler. Karl, 1063
Zinchlende. 488
Zine
in batenes, 834
cuthodic protection with, 842
Zine sulfide (ZnS), 42
Zonce refining. 940
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