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Note: Boldface terims are defined [n the contexy used
i the texy fralic Jocators indicate figures t indicates
4 table.

A
A, See Mam number
Abbreviated electron configuration Rock notation
in which only those electrons beyond the
preceding nobie g2s are shown, The abbre-
viated electren configurasion of the Fe atom
in [Arj4e53d®, 140, 140t
Absolute temperature, 98, 116
Aceraldehyde, 280, 2857
Aczzar iun, 376
Acetates, 390
Acetic acigd
acid-base fitmarion, 376-377, 377
buffers, 366¢
equilibrium comtant, 340z
and [ermentation, 560
froezing point and boiling pont constanis, 264¢
household products, 340
23 an orgamic acid, 337t
percent sonization of, 347
and titrations, 84, 83
and vinegar, 563
Acetone, 561, 162
Acetylene
a4 an alkyne, 355-556, §33
25 2 binary compound, 45
free energies of formation, 417
mulriple bonds, 155, 173, 151
percent abundance, 4t
sigma and pi bonds, 182-183, 18]
Acerylsalicylic acid (ASA), 52-53, £2
Acid An agueous wolution in which TH"| is groater
than 10-7 M 4548
alternative definitions of, 156t
Bremated -Lowry acid-base model, 331-332
flowchart for deteemining, 47
jon product of water, 3133
mames of, 45-48
pH and pOH, 333-338
as & proton dovos, 332
strength of and molecular strocrurs, 347-344
wransition metaly, resctions with, 517-51%
weak acidy and their equilibeium constants,
339348
Acid-base indicarors, 80, 85, 338, 334, 371-373,
371, 372, 37, A84b
Acid-base model. See Bronsted-Lowry acid-base
model
Acid-base properties, 352-3$5, 353¢, 3594
Acid-base reactions, §0-86, §3¢, 94a-94¢, 384
Acid-base solutions, equilibria in -
acid-base indicatars, 371-373, 384b
acid-hase titravon, 371-382, 3§4b-344c
buffers, 160-371, 384-384h
Add-base titrations Procedures used 1o determine
the concentration of an acid or base. The
volume of 2 solutive of an acd |or base)
of kivown molarity required to react with
2 known volume of base {or acid) is mea-
wired, 85, 371-374, 774
charseteristics of, 381¢
strong acid-strong base, 374376
strong acid-weak base, 375-380
sitration of diprotie acids, 380-382
weak acid-strong base, 376-379
Acid equitibrium constant (K,) The equilibrizm
constant for the lontzation of a weak acid.
339-343, 351-352, 352, 364,372
Acidic jon lon that forms H* jons in water. The
ammonium fon is acidic becanse of the
reaction, NHa lagl ==H'(aq) =
NH;laq), 339
Acidic uxide, 537

Acidic solution Az ag . with a pH less
than 7, 80, 92, 111, 338, 353, 432, 441,
520-522

Aad indigestion, 93

Acidoss, 336

Acid ram, 382-353

Acrylic resitts, 5771

Acrylonitrile, 577t

Actinides Elemnents §9 (Ac) through 102 (No) in the
periodic tabie, 142

Actinlum, 142

comples An unstable high-coergy spesies
that must be formed before the reaction can
oceur, 291-292

Activation energy The minimum cocrgy that must
e possessed by a pair of molecules if colli-
sbon is to result in reaction, 290, 291-293,
292, 294, 295-2%6, 297, 298

Activity (A) Rate of radioactive decay; number
of stoms decaying per unit time,

473473

Addition polymer Polymer produced by a mono-
mer, usually & derivative of ethylene, add
ing 1o eelf; no other product is f {}

Allotrope One ot two ur more forms of an element
in the same physical state. Geaphire and
diamond are allotropes of carbon; O; and
), arz allotropes of oxygen, 545

Alloy, 1

Almonds, $62

Alpha particle A helium nocleas; He** 10n, 467,
468, 369t

Alpha particle emisuon, 467

Alwmemnium, 60-61

Aluminium nitrare, 352

Aluminum, 34, 90

and acid ram, 383
acting as a wesk sad, 353
electrolysis of, 509
metalluegy, 509510
not in the human body, 35 .
pervent abundance, 4t
and specific heat, 190
Aluminum hydroxide, 542
AMurminum salts, 340

Americium, 470¢
Amine At antine can be considered to be a deriva-

§77-580
Additi tons 1L i which & small
molesule 128, H;) is directly insered into 4
double or miple bond, 572
Adetiine triphosphats (ATT), 426427, 426
ADP (adenosine diphosphate), 426427, 426
Advanced CANDU, 452
Agriculture, arsenic use in, 20
Air, composition of, 95
Airport securnity, 7
Alanine, $49¢, S92
Alanylglycine, 592
Albiniam, 594
Alcohol dehydrogenase, 523
Alcoholic beverages, 360
Alcohols Compoundy containing an —OH group
attached 1o 4 hydrocarbon chain. The
simplest example is CH,OH, 37, 256,
558-561, $5%1, 560
Aldehydes Compounds containing the carbonyl
group —CHO bonded to two hydrocar-
bon, $591, 361-362, 562
Aleve, 571
Alkali halides, 242
Alkali metals Mexals in Group | of the perodic
table, 13-34, 513
flamne tests, 404
hydrogen, reaction with, 514
oxygen, reaction with, $14-316
and the periodic table, 507
reactiom of, 3134
water, reaction with, 314
Allcaline dry cell, 459
Allcatine earth mezals Metals in Groap 2 of the
periodic table, 34, 513
hydeogen, reaction with, 514
oxygen, reaction with, $14-51%
and the periodic table, 507
reactions of, S11t
wazter, reaction with, 514
Alkaloids, 338
Alkanes Hydrocarbons containing only single
carbon-carhon bonds. The simplest
example is methane, CHy, 548-553, S48,
550y, S60¢
Alkener Hysrocarbons comtaining one carbon-
carhoa double bond. The simplest alkene s
8L, 553558, 572, 573

Alky! group A hydrocarbon functional group
on an alkane, $50-551, 550¢, 559

Alkynes Hydrocarh ing one car
carbon triple bond, Exsmple: HC=CH,
554, 555-556

tive of ammonia tn which one or mere
hydrogen atoms have been replaced by
hydrocarbon groups, 37, 81, 357-358,
3575, 55, S65-566
o-amino acids Compounds that kave both an NH;
group and 1 COOH group amached to the
same carbon atom, $85-592, 389 2
Ammon:a
seid-base titration, 379-380
and amines, 357
hase equilibrium comtant, 349
a3 4 binary compound. 43
i 229
buffers, 365-366
complexes of cations with, 401t
complexes with, 48%
complex formation, 401
camposition of complex lons, 488
as condensable gas, 223t
dimsolving precipitates, 402
and entropy, 409410, 409
equilibrinm sonstant, 318
Haber process, 3128-329, 329¢
hrybrid ochiral, 180
|1t Lewis acid-base model, 355-356
molecular formula for, 36
molecular geometry, 169-170, 16%
and malecular speed, 116
and nitric acid, 542
overview of, $30-53]
resctian rate, 275
standard molecular enteopies, 410
structural formula foe, 36, 16
synthesis of, 327
2 & weak base, 82
and weak basey, B1
Ammonium, 319
Ammonium chlonde, 423
Ammonium dichromate, 521, 522
Ammenium jon, 3401, 353, 355, 366, 366e. 380,
380 g
Ammonium nitzate, 197, 410, 526
Amount, 96, See also Mass; Mole
Ampere (A) Rate of flaw of eleciric cutrent such
thar one coulomb pases 3 iven point in
anc second, 453, 4531
Amphetamine, 371
Amphiprotic species Capable of acty as either 2
Beonsted Lowry acld or hase, 332, 333
Amplitude (W) Heighr of 2 sanding wave, 125, 133
Anesthetic, 361
Aniline, 557
Animals, and coloration, 133
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Anions lans with £ negative charge, E
include C1° and OH", 5738

compounds of silicon, 234
{emac radiue, 130, 150
and ionic solid dissolved i water, $6
and jemic solids, 235
in names of compoundls, 4344
with noble-gas structures, 41, 146
polyprotic weak acids, 346
in salt solutions, 352, 353¢
lde::in.prujipiuﬁan, 396

pies, 411t
S
" ¥ O spectator ions, 353
Anode El de at which oxid oceurs and
toward which anioss move, 430, 435,
436437, 452,453
Anode halfcell, 436
Amacidy, 93, 55t
Anthracens, 55§
Amtifrecee, 264, 561
Antimany, 27-24, 34, oF, 69-70
Agqua regia, 519
Aqueous tolution, reacrivng i
acid-hase reactians, 805k
introduction 1o, 74
oxidation-reduction reactions, §7-92

presipitation reactions, 7580
Archacology, 472
Atenes. See Aromatic hydrocarions
Arginine, §89;, 593
Argon, M, 119, 154, 185, 223¢
Atlington National C v, 396
Armbruster, Petes, 470

Aromatic hydrocarbons Hydrocarbons containing
one or more benrene rings, $56-5358,
5752

Arrhemuns, Svame, 80, §7, 331-352

Arrhenits acid Species that, upon sddinen to wates,
Incepases ('], 50, 81

Arvhenius hase Species that, upon addition to

equation Equation that expresses the
temperature dependence of the rate con-
stantt (EJRNVT, ~ UT;), 294-296, 294,
327, 156

Arsemic, 20, 31-32, J43-546
Ansenic poison, 545
Arsine, 45§
Art restoration, S04
ASA {Acctylsalicylic acid), 52-53. $2
Asbestos, 234
Asparagine, $89¢
Aspartame, 298, S861
Aspartase, 298
Asparnic acid, $8%¢
Aspirin, 5353, 52, 142, 142, 357
Assay, 152
Astaxanthm, 153, 153
Asymmetric synthesis, 571
Atherosclerois, $73
Atmiosphere (atm) Unir of pressure equal to
101.325 ki'a; equivalens to the g
exerted by g colume of mercury 760 mm
high, 97, 424
Atmospheric pressure, 96-97
ATE (adenimine triphosphate), 426-427, 424
Atom Smallest particle of an clement that cetaims
the chemical praperties of that e
22-23
i atomic theory, 23
components of, 23-26, S04
electrom i, 138143
mawses of individual atoms, 1132
with noble-gas structures, 144
number of in unit cells, 239
wrbital dingrams of, 143145, 1354b-154c
periodic mends in the properries of, 148-152.
154¢
quantitative properties of, 26~32, 508
relative size of parent atom and its jons, 150,
150

Atom halance, 77

Atomic bomb, 480481, 450

Atomic mass Average mass of an atom compared
to that of another element, based upon the
Co12 acile, 28, S0a-501, 57

Atamic mass unity (amn) The unies wed o express
atomic masses; 1/12 of the mass of 3 car-
ban:12 atom, 24

Atomic nucleus, 25-26

Aromic number (Z) Number of protons in the
nucleus of an atom, 26, 466

Aromic arbital model. See Valence bond model

Atomic orbitaly, 138, 156, 178-154, 186b

Asomic eadivs One half of the di of el

double bonds, 141

entropy, 414

freczing point and boiling paine constants, 2641
s liguid, 223¢

specibic hear, 191
oo reactions, 573
Bettroic acid, 340¢, $57
Berthelot, Marceltin, 407
Beryllium, 139, 179, 513, 514, 515
Beryllium fluocide, 163, 164, 167, 175176, 174, 179
Berzelis, Jons, 49, §7, 109

approach berween two nucler in the ord-
nary form of an clement, 14%-150, 148,
149, 239240, 239

Atomic spectrirm Duagram showirg the wave-
fength at which light is enutted by excited

Beta particle emission, 467468

Beta particles High speed energy electrons emitted
by the nuclens duting radioactive decay or
fission, 467, 468, 464, 469t

'™ ' 1 = 1”

electrons in an atam, 1292130, 130t,
134a
Atomic theory Dalton's theory of the atomic nature
of mawter, 2323, 23,24, $0-502
Atomic weights, 28, See alio Atomic man
Attracrive forces, 121

Aurara borealis, 12§
3RT\'=
Avwwﬂafpmhulan-(m v
1s-117

Average tramslational kinetic energy, 115

Avogadio, Amadeo, 109

Avogadeo's law, 99, 109

Avogadro’s number (N4 6,022 % 10%; the number
of units in 4 mole, 31-32, €2, 54, 65, 109,
115

8
Baking powder, 340
Baking soda, 52
Ball-and-zick model, 36, 161
Babiner series, 129, 132
Bar Unit of previure = 10' Pa = 1,013 azm, 57
Barium hydroxide, 811, 336
Barttum lon, 397
Pariem sulfate, 390, 393
Haromezer, 96, 96
Bartless, Neil, 184
Base Compuund that dissolves in water 10 give &
solution n which |OH "] i greater than
10°"M
acid-hase reactions, 80-86
alternative definitions of, 356¢
Beonsted-Lowry acid-base model, 331-352
lon product of water, 333
pH and pOH, 333-338
as a4 proton acceptoe, 332
weak bases and their equilibriom constanss,
J4E-352
Base equilibrivum constant (Ky) The equilibrium
for the lonlias

of a weak base,

349, 351-352, 352

Basic anhydrides, 515

Basic ion An anion that forms OH" lons in water;
the CO*~ ion Is basic because of the reac-
tion CO" (aq) + H{O == HCO, (aq) +
OH " (ag), 148

Basic solution An aq ! with a pH
greater than 7 (ar 25°C), K0, 84, 334, 114,
432, 441, 520, 522 542

Bauxitc ore, 509-510

Becquerel, Henri, 473

Bell jar expetiment, 264-265, 264

Belr of stability, 466, 466

Bends, 259

Bent molecule Molecule contaiing three atoms
in which the bond angle is less than 180%
mmplﬂ include H;0 and SO, 166

Benzaldehyde, $62

Benzedrine, 571

Benzene

catulvas, 267
derivarives of, §57-358

Binary jonic compounds, 46

Hénary molecular compounds, 44-45

Binding energy Enengy equivalent of the mau
def: of nuclear sahility, 478~
480, 480

Biologically mmportant eloments, 15, 15
Bierrum, Niels, 130
Blassic, Michael, 596
Bleach, 277
“Blind saggers,” 546
Blister copper, $11-512
Blood, 370, 503
Blood pressure, measurement of, 122
Blood sugar, 585
Bodycentered cubic cell (BCC) A cubic anit el
with an atom at cach corner and one at the
center, 238-239, 238, 23%
Bakhr, Niels, 130 o
Bohr model Model of the hydrogen atom
by Nicls Bohes it predicns that the electroni
energy ks ~Ryle?, where Ry, s the Rydberg
constant and n is the prancipal quannim
number, 130-132
Boiling curve, 262
Bailing point Temperature ar which the vapor pres-
sure of 3 liquid equals the applied pressure.
leading tu the & ion of vapor bubhles,
) 16, 221-222
of hydrogen bonds, 229
hydrogen bonds, 229
of maple sap, 272
molar mass, effect on, 227t
of molecular lublﬂl'!m. 3“7

af nomp \ 127
of potar molecules, 228, 228t
and vapor pressure, 221-222 231
of water, 221-223 229 230
Boiling paint constants, 264¢
Boiling point elevation (AT}) Increase in the builing
point caised by addition of 2 nonvolatile
swhure, 261-264
Bolmann, Ludwig, 114
Bambardment reactions, 469471, 470:
Bomb calarmeter Device wied to mesaure heat
Hlaw, in which a reaction is carried out
within a sealed mesal container, 193-195,
194
Boraparee, Napoleon, 20, §45-346
Band angle The sagle berween two covalent boads,
166, 169-170, 180, 548
Bonded atoms, 169
Bond energy. See Bond enthalpy
Bood enthalpy The enthalpy change (kJmol) when
a particular type of bond Is broken in the
gas stare, 207-209, 208:, 208
Bond polarity, See Polariry
Batic acid, 164, 356
Borost, 143144, |79
Boron wifluoride, 163, 164, 167, 168, 531

Boyle, Roberr; 338
Boyle's law Relation stating that at constant T and
n, the p of a gas is 4 ly prop

tional to its volume, 99, 214




Beagg, William H., 241
Bragg, William L., 241
Branched polyethylene, 578, 578
Bruss, 6
Brioachi, 93¢
Bromide ton, 330
Bromides, 390t
Bromine, 127, l’lt, 481
atomic mass, 3
cmhalpy of lomumn. 202
2%

percent ahundance, 4t
properties of, $24t, 527
reactivity of, $24
lmmthymol blue, 372, 373, 373, 374,376, 377
Bromsted, jo!mmu. 32
Beunsted-Lowry acid A species that donates a pro-
ton {n an scid-base reaction; in the reaction
HB(ag) = A-(ag) == HAlag) + B (aq),
HA Is 2 Besmsted-Lowry acid, 332, 136,
347, 351, 352¢, 531, 590
lc'd-bnt model, 174, 379
lon product of water, 333
Lewis model, 355, 1561
overview of, 331-332
with wrak acids, 339
Bromsted-Lowry base A species that accepts a pro-
manmuﬂd’btnmaimhduuuﬁm
HBlag) + A laq) == HAlay) + B~ laq),
A is 3 Bramsted-Lowry hase, 332, 136,
351, 352¢, 531, 3%0
Buffer A system whose pH changes only slightly
whmmmmduhuhnddd.o\bnl
fer ordinarily consists of 2 weak acid and
its conjugate hase, present in roughly equal
amounts
apphications of, 62
comparison of pH changes in water and, 368
determination of H* in, 362-364
at different pH values, 366¢
effect of, 361
effect of added H® or OH , 368-370
introducrion to, 160-362
selecrion of, 364-368
Buffer capacity Amount of strong acid or base thar
can be added 1o a buffer without cauving a
drastic change in pH, 370-371
Buffer range, 370-371
Butadiene polymer, 428
Butane, $49, 549, 550, 550¢, 552, 560t
Butanol, 256t
Buryl group, 550¢

c
Catfeine, 243, 358
Calei

percent abundance, 4
reactions with water, 514, §14
reactivity of, S15
Calcium carbonate, 77, 77, 412, 420, 534, 542, Ser
also Limestone
Calcium chlotide, 76-77, 77, 269, 507, 508
Calcium dullydmpm ||hap!ml 545
Calcium fluaride, 530

Calcium hydride, 351

Calcum hydroxide, #1, 811, 336, 514

Calcim oxide, 510

Calcium , 563

Caléium silicars, 510

Californisn, 470t

Calorie, 189

Calorimeter Device used to measure heat flow,
192195, 197

Calorimetry, 192-195, 1155-215h

Calvin, Melvin, 165

Camphor, 264¢

Canada, 482

Cancer trearment, 471, 471

Cannizzaro, Stanmlac, 108
Carbohydrates Latge biological molecuies made up
of carbon, hydrogen and oxygen, S83-587,
397a
Carbon, Sev also Organic chemistry
in acetic acid, 62
and combustion, 61
in compounsds, 4
covalent bund, 179
electron configuranon, 144
formal charge, 163
graphitz and diamond, 233
in the human body, 33
hybeid oebizal, 180
in iton and seeel prodeution, $09-510
percent abundance, 4t
2 2 reducing agent, S0%
valence elecrrons, 158
Carbon-12, 471, 475
Carbon-12 scale Atomic rass scale where the C-12
isotope s asslgned a mass of exactly
12 amu, 28§
Carbon-14, 475
Carbonated beversges, 257, 257, 159, 250
Carbonate jon, 353, 502
Caebonutes, 3901, 400
C.lrbfm dioxide

as condensable gas, 223t

critical 1emperature and pressure, 222, 222

and enthalpy, 201

n heterogenenus equilibria, 313-315, 314¢

and infrared radiation, 137

ligguificarion of, 121

multiple bonds, 171, 173

and nitric acid, 542

and sodium hydroxide, 64-65

and specihe heat, 1911

standard entropy change, 412

sublimation, 225

supercritical carbon dioxide, 243-144

a3 supercritical fuid, 213
Carbonic acid, 340t, 346¢, 366¢, 370, 370, 382
Carbon monoxide, 201

collision model, 290, 290

and hemoglobin, S03

and high temperatures,

in tron and steel pmdtuutm. S09-510

oxidation of, 297

reaction encrgy diagram, 292

us axidation of, 425-426

transition-state model, 291-293

Carbon tztrachlonde, 176, 176, 226

N /7

Carbonyl group The groap € found

inaldehydesand |

ketones, 361
Carboxylic nddl Organic compounds

the —(=—Q |1 group, 356358,
§59t, 562-565 |
o

Carotenoids, 153
Carothers, Wallace, 382
Carrier paa, 6
Caruy, Titus Lucrenius, 576
Catalase, 294
Catalysis, 296-298, 297, 105§
Catalyst A substance that increases the rate of 4 reac-
tion without being consamed by it, 296-29§
Catalytic convenee, 297, 297
muvhdnd‘mmmnd
w-mlwlndzaxmmuo 435,
436437, 452,453
Cathode halfczll, 436
Cathode tay, 21, 24
Cations lons with & positive charge, such a1 Na®, 37
<olors of, S04
complexes with smmonia and hystroxade, 401t

nosx 675

Group I, 403404

Group I, 403404, 403

Group L 404, 404

Group 1V, 404

groups of for gualitative analysis, 403-404, 403z,
401404

jonse radius, 150, 150

and jonic solidy, 56, 235

in names of compounds, 4344
with noble-gas structures, 41, 146
in sale solutions, 352, 353¢

selective precipitation, 396

standard entropies, 411¢

of tramsition and possier 1 lu, 42
mmnion metal unom. l«»—NB

of between, $19-521

a» weak acids, 339, 340
s weak acids or spectator joms, 353

Cellulose, SK7, 587

Cell yolsage A measurement of the current flow m
an electrrochemica] cell, 439

Celsius, Anders, §

Celsius {*C) Unit of semperazure based an there
beitg 100" between the freczing and boiling
points of watcr, 8.9 8

Centi Memne prefix indscating u multiple of 1077, 71

Central atom Atam at the center of 8 molecule, m
which twe or more atoms are bonded. C s
the contral atam in CHy, 158, 448

Ceres (god), 48

Cerlum (IV] oxide, 141

Cesium, 152, 242, 451

Cesium chloride, 242

CFCs (Chlorofluorocarbons), 303

Chadwick, James, 473

Chain reaction, 48]

Chalcocite, 38, S11

Charge balance, 77

Charged particie, 470

Charles's and Gay-Lussac’s law Relation stating
that ot constant I* and m, the volume of 2
gas is directly proportional to its absolute
testperature, 99, 99

Chelates Componmads that have a metal canon
bonded at two or more points to nonmeeal
anlons or molecules, 490, 490, 503-304

Chemical equation Expression that describes the
nature and relative amounts of reactanty
and produces in a reaction. 63-65. Ser also

Equations

Chemical kinetics Study of reaction rares, §7, 274,
191. Sarnbo Rmcﬂon rate

Ch of a sub that
are observed dnﬁu; a chemical reaczion,
15-16, 16

Chernical reactiviry, $16-529

Chermcal warfare, 71

Chernobyl accident, 482

Chiral center Carbont atom bonded 1o four different
groups, $65-371, 344, 58%

Chloride lon, 530

oxidizing power af, §27

oxoanions of, 441

and paame, 303

percznt sbundance, 4¢

properses of, 526&. 52?

reacsivity of, §$27-
Chlorine&uwd:-m vdutt cell, 438
Chlorine dioxide, 535
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Chlorine wifluotide, 165
Chilorofluorocarbans (CFCa), 303
Chloroform, 176, 174

romum(lll)
szmulm{ml witrate, 147
Chromiumilll} oxide, 521
ChromiumiTll} salis, £20
CONYRENn componds, 14
de, $62

Cinnamaldely
Cinnabar, 4, 11
Cinnamon, Sa2
Cis isomer Geometric isomer in which rwo like
gronps are relatively close to another (e.g,,
A A), 493497, 496, 497, 567-568
\(_/
2%
h b
Cltric acid, 340, 3571
Clapeyron, b, P\, E, 220
Clathrates, 71
clmm. Rudolph, 114, 220, 409

mg % the 1 mnptumu ultpmdum of npot
pressore: In(PyP,) = AH VT, - UT;VR,
220, 295, 327

Claussen, Walter, 72

Climate change. 461

Clotos, 160

Coal, 382

Cobalt, 520t

Cobale-£0, 471, 471

Cobalr chloride, 71

Cobalt(ll) chlocide, 147

Cobaltill) uxide, £15

Cocthicient rule Rule which states thar when the
coefficients of a chemical equation are mul-
ualm!byamlmn the equilibriam con-
stant iv rabsed to the nth power, 311 312¢

Coefficients, 64, 65, 67
Colfeecup calotimerer Calotimetcr made of nested
cottee cups in which essentially all of the
heat given off by a reaction i absarbed by
& known amouns of water, 192-193, 192,
157
Coke, 308-510
Cold pack, 197
Colerudge, Samuel Taylor, 246
Collagen, §95
Colligative properties Fhysical properties of &
n that primarily depend on the
concentration rather than the kind
of solute particle. Vapor pressure
lawering iy a coiligative properry;
color is not.
- bmlm. point dlevation, 261-264
" of electrolytes, 269-271, 273d
freczing puint lowering, 262-264
molar masees, determination of, 267-269
of noaclectrulytes, 260-26Y9, 273c-273d
OSMOGIC presstire, 264267
vapor presiure lowering, 260-261, 262-263
Collision frequency, 291
Collision model, 290-291, 2911, 294
Coloe, 127, 127y, S01-503, £01, $02
Caloration, 153
Culor wheel, 502
Caolumbium, 4%
Combining volumes, law of, 108
Combustion, ﬁl. 6 1
Commeruvial

Commercial odh, 456
fucl cells, 461-463
lithium-don (Li-lon) batreries, 460461
primary (nonrcchargeable) voltaic cells, 458459
sochium chloride, clectrolysis of, 457
storuge (rechargeable) voltake cells, 459460

Olmmlnm, a4, 43. 519 510;, $21, 51
hydroxide, 432

1 ;'" o

Common ion effoct The reduction i the solubility
of a salt in 4 solution that containy gither
an amon oF 4 cation common with that salt,
393

Complex aniony, 492-493

Cemplex cations, 492

Complex formation, 386, 40103, 402

Complex ion An jon containing 2 central meal
atom honded t two or more ligands, The
-pcda AmNHm‘ and Zn(H 0} are

dwy:l of, 4"
chelating agenes, 190
composition of, 448491, S05-505a
ion number, 491
dlectronic structure of, 495-303, 305a-305b
equilibria, 385-388
constants, 386
prometry of, 4515, 494457, 5052
introduction to, 487488
ligands, 490

nming, 492493, 50352
precipitaze formation, 394-398
solubility, 388-194
Compound Substunce comaming more than one
clement, 3, 4-5, 23, 4243, 50c, 411¢

Conversions, $3-54, 549, 251-254

Courdinate covalent bonds, 488

Coordination compounds Compounds in which
there are complex jons, Examples include
1CuiNHJJCL and KFe{CN)|, 487,
AUE-489, 452493, 498, 494, 5050

Coordination number The number of bonds
from the ceneral metal to the ligands is 2
comples ton, 488, 451, 4915, 494495,
454

Apper
and chlorine, 527
colon of oup;m“mmplms. 455
conductivity, 2
and clectmlysis, 511-512
electron configuration, 143
equilibria between different cations, 5§19
and nitric acid, 492
and uxidanon munber, %0
oxdation of, 518
pereent abundance, 4¢
reduction, case of, $201
and specific heat, 190

Copper carhonate, 207

CopperiTl), 490, 490

Coppesill) chloride, 494

Concentration A meanure of the relative
of sobure and solvent in u salution; may
be expressed as molarity, mole fraceion,
vec., 54

squiilibrivm sysem, 304

and molecular :nllwom. 290

Nemst lon to ey I

45!-45’

and reaction rate, 275, 275, 277-182, 278, 3052

reaction spontancity, effect on, 421424, £26¢

of rragents, 56

of & solute, 54

voltage, effect on, 448452 dadcd64
Concentration quotient, See Reaction quotent
Concentration umnits

conversions between, 151-284

mass percent, 249-250

molurity, 347-24%, 250-251

e fraction, 249

for salutions, 244-254

and tine, 276, 277

Condensable gax, 223 .

Condensation, 217, 222, 264-245, 264

Condensation potynrn polymer formed from
monomer uniry by splisting out & small unis,
mont often 2 water molecule, $50-583

Candensation reactions Reactioms in which two
molecules combine to produce s larges mol-
ecule and a small molecale eg., H O, 572

Condensed ving strucnires, $5§

Condensed structural formula Formuls of g mol-
exule which indicates the fnenional group
present lc;.. CHCOOH far acetic acid), 36

Coadoctimy relative case with which 4 sample

B a much la
deaﬂalcnmmmllﬁwdmu;hmln-
minum rod 3t 2 given voltage than
& glass rod of the same shape, aluminum is
 berrer electrical conductor than glass, 40,
40, 226,233, 235,236

Caniine, 158

Covjugare acxd The ncid formed by adding a protos
10 4 base; NHL® {s the conjugute acid of
NH;, 332, 352

Conjugate base The base formed by removing a
E‘ ton from an acid; NH, is the conjugare

of NH,*, 332, 339, 340;, 352¢, 365

Camervation of mam, law of, 24

Comtant composition, law of, 24

Contact process, §43

Conn visible sp 129

Conteal pods, 482, 452

Conversion-factor approuch, 198

Convension factor A ratio, numerically equal to 1,
by which a quantity can be converted from
one set of units 1o another, 12-14

Coppee(ll) salt, 455

Copperl(ll) sulfare, 147

Copperll) sulfide, $11-512

Copper nails, 32

Copper sulfate, 6, 71, 137, 226, 247, 444, 444

Copper tetramine, 489, 492

Core ¢lectrons Elecerons in an innes, complere level,
150, 157

Conby, Bill, 409

Counlomb (C) A unit of quantity of slecrncity;
9.648 % 10°C = | mnlc 453,450

Coulomb's law of electrostatic attraction, 130

Coupled reactions Two reactions that add 1o give &
third, 425427, 429

. Covalent boni Adnmanl link berween two atoms

d by ah ! m the region
Lmu. the atom, 35, 36, 36
atomic orbitals, 178184
compared to intermolecular forces, 232
definition of, 157
hybridization, 178-184
introduction to, 155-156
and Lewis, 165
Lewis structures, 156-166, 157
muolecular geometry, 166-174
ociet rule, 156-166
polarity of molecules, 174-178
valence hond model, [78-179
Crick, Francis, 595
Critical mas, 451
Critical p The premitte at the critical tem:
rature; the highest vapor pressure that a
iquid can have, 222-223
tical temperature The highest temperatu
ar which a sulwtance can exhibit hqmd~
vapor equilibeium. Above that tempera-
ture, liquid cannot exist, 232-223, 222
2k
Cromlinking, 427, 42§
Crowfoot, 547
Crustacyanin, 153, 153
Crutzen, Paul, 303
Cryolite, 504
Crysal ficld energy, 0585050
Crystal field model Electrostatic model of the bond-
ing in complex lans. The only effect of the
ligands is 10 change the relative encrgies
of the d orbitals of the central metal atam,
498
Crystal field wplicting energy The difference in
energy between the two sets of d orhitals in
4 complex jon, S00-502, 500
Crystalization, 243
Crystal structures, 238-243, 245¢
Cubic cell unies, 238-239, 215, 23%;
Cucumber, 266, 166




Cune, lrene. See Jobor-Cune, Irine
Curie, Matic, 241, 467, 473
Cm-. Prerre, 473
Curies (uniz) (C1) Unies of radi car ding

Dipole forces Attractive forces between polar mol-
ecules, 228-229, 225

Dipole moment, 175

Dy acids, 346, 380-382, 381

to the radioactive decay of 3.700 * 101
atomws, 474

Cunosity (Mars rover), 83, 63

Curlum, 470:

Cyalume light, 291

Cyanide, 4%4

Cyanide process, Sl.-SlJ. :u

ining,
dn—inq:.(iemnl formula CHa,, 553, 553
Cyclobexane, 264t, 553
Cyclopentane, 553
Cywmzine, 589t
Cystic fibroais, 452

o

Dalton, John, 22-23, 23, 24, 109, 111, 25§

D;hu-ll-Anhdnnunﬂuthnlbemulpa-
aure of 4 gas moxare i the sum of the pat-
tial p of i ents, 111

Davy, Humphry, 45K

De Broglie, Louis, 132

Debye, Petez, 371

Decaffeinated 243

Dect, 7t

Decomposition rate, 277, 278, 278, 280, 285, 285t
297, 298

Dehydrating agenms, 544

Dehydeation, 71

, 269

Denatured alcohol, 560

Demsity The ratio of the mass of a substance to 1y
volume, 16-18, 15, 103-105, 105, 225,
226,234

Deoxyribonucieic acid (DNA), 595-59%6, 595

Deposition The phase transition from the vapor
phase o the solid phase, without passing
through the liquid phase, 225

Deuterium, 484

Dexedrine, 371

Dismagnetic A term indicatng that 3 substance
Jcmnmcom-lnnmpamd&ww‘ndw
is not attraceed into & magnetic fleld, 144

Digmine, 542

: unowenlll. 492

Diamminesilver (1] ion, 494

Dismond, 233-234, 233, 276

Distomic maolecule, 175

Dicarboxylic acid, 582

Dichloromethane, 243

Diclromate ion, 521

Dichromates, 521

Diethyl ether, 561

Diffusion, 117

igestian, 298
Dibydrogen phosphate yon, 340r, 366t
Dimethyl ethes, $60¢

Dinttmpn puanmdc on
dmupmhlon rate, 277, 283, 285, 285:
equilibriven, 307
first-order reactions, 284
halflife, 285
instantaneous tate, 277
rate expression and rate constant, 278
reaction rate, 274-27%
reaction cate and concentration, 27§

Diinitrogen tetroxide
addim or numh. species, 323-324

wing the L, 310-311
and compression, m—m.mx.w
equilibeium, 307-310, 3302
and temperature, 326-328, 126
in writing and balancing equations, 83-64

Dinitrogen trioxide, 335

an*Spoumwhidn&m-aq:md
charge (l.£., & positive pole at one point
and a negative pole at a ditferent point),

174174

| "
!

Disaccharides The carbohydrates formed when two
monouaccharides undergo a condensation
reaction, 584

Diispersion force An attractive force between mol
ccules that arises because of the presence of
temporary dipoles, 227, 227, 520

Disproportionation A reaction in which a species
undergoes oxidation and eeduction simuita-
neously, $19, 532, £32

Distillation, 6, 7

DNA fingerprinting, $95-396, 59§

Dogs, 161

D orbitals, 498499, 499, 500, 501

Dauble bond Two shared electron paies between
two bonded atoms, 158

Double helix model, $95-596, 3%6

ing water, 250

Diy cells, 458459

Dry clesning lodustry, 244

Dry ice. See Carbon dioxide

Dubniwm, 470t

Ducrility, 236

Dynamic equilibrium, 217, 217, 308, See also
Equilibrium

E
E*. See Standard cell voltage
EX,. See Standard oxidation voleage

EDTA (Exthylenediaminetetraacetate) jon, 504, 504

!Mnmdntchwl’uitinchwkhbydn
outermont clectrons in sn stom; approxi-
mately equal to the atomic number lmmn

the number of e in inner, Comp
levels, 150

Efflocescence Luss of water by a hydrate, 71

Effusion Movement of gas through & pin-
hole or capillary, 117-119, 119

Einstein, Albert, 127

Elastomers, 427428

Electrical newtrality The panciple thar; in any com-
pound, the total positive charge must equal
the toeal pegative charge, 41, 06—4)7
452,517
Edecerical units, 453t
Electric field, 23,24, 175, 17§
Elecrrochetmistry
commercial Cells, 456-461
concentration, eifect of on volrayge, 448-452
electrolytic cell, 452456, 464d—44c
lmr?duaion 10, 430-431

i 431438,
Ahs—db4a
wandard cell voltage and standard free encrgy
change, $43-446, 464c
standard voltages, 439446, 4642464
voleaic cells, 435439, 464a
Electrodes Anodes or cathodes in an electrochemi-
cal cells, 430, 452
Elgctrolysis Passage of a direct electric current
through a liyuid containing lons, producing
chemical changes at the clectrodes.
angd chlonde oces, 507, 50§
and copper, $11-512

of potassicm odide, 455
of sodmm chloride, 457
of watee, 108
of wazz salation, 456¢
Elecrrolyte, 40, 1, 269271
Electrolynic czll A il in which the flow of elecin-
cal energy from an external source causss

iNnoex 677

a redox reaction to occur, 410, 452454,

450, 464d-464e
Electrolytic copper, 512
Elect

TOMAENETic spectrum,
Elecuron cloud, 133, 227
Electron configuration An expression giving the

population of electrans in each sublevel
The electron configuranion of the Li atom s
tsf 28%, 124, 138-145; 141
Electron-deficient molecules, 163164
Electrom density, 155-155, 156
Eh:wmy A property of an atom that
with its endency 1o attract elec-
trons to & bond, 152, 152t
Electronic level capsaties, 137, 137t
fectron.pair bond, 165, 179
Electran-pair geamerry, 169
Electron-pair repuision The principle used to pre-
dict molecular peomietry, Electron pairs
around & central atom tend to orient them-
seives to be an far apart as possible, 166
Electron pales, in Lewis acid-base model, 355-356
Electrons Negatively charged companents of an
atom, found outside the macleus.
atomic orbitals, 138
atomic spestra, 129-130
i in 00,

126, 126

arrangs
145-148

electron configuranion (o atoms, 138-143

hydrogen atost, 130-133

introduction 1o, 124-125

lighs, 125-129

orbital diagrams of atoms, 143-143

overview of, 23-25

Pauli exclasion principle, 135-137

periodic trends in the properties of atoms,

148-152
photon energies, 127-129
peoperties of, 25t
uantum mechanical model, 112-133
quantum numbers, 133-137
in voltase cells, 435

Electron-sea model A model of menallic bonding
in which cathons sct as fixed peints ina
mobile “sea” of electrons, 236
Electron spin The property of an electron dessribed
by the quantum number m,, which can be
“12or =1/2,135, 135
Electroplating, 455, 456
BmAwhamwbmnmuulldm
cally the same, contaiminga definite number
of protons, 3
in momic theory, 21
chemical reacnivity, 326-329
delinition of, 24
and ¢ b, $29-530
with percentage abundnm At
and the periodic table, 50b
and physical state 3t room temperatuee, 17

Elements of Chemistry (Lavouder), 15

Elimination reactions Resctions i whach 2 roscuant
Joses an stosm ar groups of atome 10 foem &
double bond, 372

Emervon, Ralph Waido, 22

Empty space, 240

Enantiomen Optical aomens, 169-571

Endothermic A process in which heat is sbsorbed
by 2 yysezen; AH in positive for an endothen
e sraction, 189 190, 196, 196, 197, 108,
257, 316-329, 407408

mmmmdmuumwumm

indicatoe changes coloe, 371, 373t

Encrgy A property of & system which can be altered

anly by heat or work with the
127, 127, 187, 209-212,

210, 214¢

Encrgy balance, 211, 213-214
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Energy changs (AE), 211-213, 461, 476450
Energy disgram, 196
factor, 407408

Enthalpy [H) A property of 1 system thar eeflects
Itx capacity to exchange heat () with the
wirroundings; defined so that AH =  for
A constant-pressure process, 195196,
211-212, 413

Enthalpy change (AH) The difference i enthalpy
between ucts and reactants

and energy change, 211-213
eneriy diagram, 196

Hea's law, 200-201, 200. 204
introduction o, 195197

for phase changes, 200¢
pref: for using enthalpies of for I
caleulare, 209

relanon with enthalpy of formation, 206
rules of thermochemistry, 198-200
in transition-cate medel, 201-293
Enthalpy of formation (A4,*) When one mole of a
apecies is formed from the elemenss, 202
caleulapon of, 202-207
example of, 2
exothermic reactions, 102
relation with enthalpy change, 206
standard, 202, 203z, 206
Entropy (5] A property of a system related to it
degree of order; highly orderesd syseems
have low entropy
of ammonia, 409-410, 409
in elastomeric materialy, 428
overyiew of, 408410
second law of thermodynamics, 413
spoataneity, effece on, 41)
standard entropy change (AS*), 412-413
standard molir entcropies, 410411
Entropy change (A5) The difference in entropy
b prodocts and 409
Environmental Protection Agency [EPA), 485, 546
Enrymes, 298, 08§23
Esuarions
for acid:-base reacnons, 82-84
Arthenius equation, 294294, 294 127, 1562
balancing, 73b-73d
chemical equations, 63-65, 327
Clausius-Clapeyron equation, 220, 295
Gibbs Helmhaltz equation, 414415, 418420
half-equations, 87, 431435, 437
mass relations from, 65-67
net innic equation, 76-78, K1
nuclesr equations, 465
h hemical equation, 196-202, 21$b-215¢
Van't Hofl equation, 327
Equilibrium A state of dynamic balance in which
rates of forward and reverse reacthons are
o= equal; the systemn does nor change with
Time.

changes in conditions, effect of, 323-328
Pression of exp 325-326

gascous species, adding or removing, 323-325

liguid-vapor, 217-221, 217

melting poine, 22§

NiOe-NOy, 307310, 307, 308, 308, 309

in redox reactions, 446—48

betwesn 2 sulid and ins liquid, 223

berween a solid and its vapor, 223

and spontanenus reactions, 407

andd sublimation, 225

temperature, change i, 326-328

vipor pressure, 222

Equilibrium constant (K} A number characeerisic

of an equilibrium system at a particular
temperature. For the system Alg) + 280ay)
=== 2C[g| the =xpression for K »
(Pl /(PARBP.

scicd-hase titration, 374, 376, 377, 379

sdding chermcal equations, 311-313, 312

applications of, 318-323, 130b-3304
caleulation of [H*] in & water solution of a weak
acid, 343-346
changing the chemical equation, 310-311
for comples jons. See Formation constant (K,
and free encrgy change, 424425, 4294294
Haber process, 328
and hemaglobin, $03
for hetecogencous equilibria, 113-315, Y14¢
it the ionization of water, 333
#% 2 measure of the sength of an acid, 347
NO-NO; equilibriunt system, 307, 309-310
of the oxoacids of the halogens, 538t
ezlation to standard cell voltage, 4485t
for some weak polyprotic acids, 346t
and standard coll voltage, 446348, 464c
of weak scids, 139343, 159h-359¢
for wezk acids and theit conjugate bases, 340t
of weak bases, 348352, 359-36%d
Equilibrium constant expeession, 310-3185,
330a-330b
Equilibtium curve, 195
um partial pressures, 120-123
Equivalence point The point during a mtrabon
when reaction is complete; equivalent quan.
tities of the two reactants have been
R4-K5, 371, 374, IR0-381
Essential metal jons, $23t
Esters Organic compounds containing the
(=) functional group, $5%;,
1

o

$62-565, 564t

Ethaue, 233t, 45, 550t

Ethanol, 191¢, 553, 560, 5601, See also Ethyl
alcohol

Ethene, 554, See also Ethylme

Ethers Organic compounds contaming the —0O—
functional group, $58-561, 559¢, S600

Ethyl alcohel, 37, 61, 2231, 226, 255, 2561, 262,
360, See also Ethanol

Ethyl hutyrate, S64t

Ethylene, 158, 174, 1K1, 182-183, 143, 534, §54,
577v, See also Ethene

Ethylenediamine, 490, 490, 497, 497

Tk 'n A { (E)TM hll, m. 504

Ethylene glycol, 233, 251, 264, 561, 551

Exhyl ether, an lguid, 223t

Ethyl formate, 564, $64¢

Elhyl group, 550c

Ethyl methyl ether, S60¢

Evropiam oxide, 141

Evaparatuon, 217, 219, 264-265, 264

Excited state An electronic state that has 2 higher
energy than the ground stare, 131

Exothermic Describes a process in which heat i
evolved by a system; H is negative for an
exothermic reaction, 189, 190, 196, 196,
197,202, 208, 407, 414

Expanded octets Mare than four electron pairs
about & central atom, 164-168, 167, 172

Experimental yicld The amount of produet actually
obtained in a resction, 7071

Exponential notation, 11

Extensive properties Propernies of a substance

which depend upon the amount of sample;

I is an ive p ¥ 15<16, 16
Eyning, Henry, 292

P

3

Face-centered cubic cell [FCC) A cubsic unit cell
with utoms ar each corner and one ar the
center of each face, 238, 218, 219

Fahrenheit, Daniel, &

Fahrenhest scale, 89, &

Faraday, Michael, 71, 458, 556

Faraday The that gives the num-
ber af coulombs equivalent to ene mole of
electrons; 96480 C/mol e, 446

Fats, §74, 574

Fermentation, 151, f60

Fermium-258, 287

Fertilizer, 6667, 67, 345

Filtration A process for separating a solld-liguid
mixture by passing it through a barrier with
fine pores, such as filter paper, 6

Final and initial state problems, 100-102

Fireworks, 125, 12§

First law of th dynamics The that
the change in eneryy, AF, of a system b the
sum of the heat How into the system, g, and
the woek done on the system, w, 209-213,
215d

First-order reaction A teaction whise rate depenids
upan reactant copcentranon raised 1o
the first power, 283-287, 284, 2881,
105e-305d

First quantum number (n), 134

Fiwion The splitting of a heavy nucleus by a new-
tron into two lighter nuclel, accompanied
by the release of energy, 480-483, 450

Fusion process, 4AB0-4§1

Five peecent rule The empirical rule that the
approximation & * & ~ x if x = 0,054, 45

Fixed nitrogen, 328

Flame test, 404, 404

Fleray, G. N., 470

Flutarion, 511, 511

Flowess and pH, 338, 339 119

Fluaride jon, 353, 410, 530

Fluoride jon electinde, 452

Fluondes, 390¢

Fluorne, 29, 152, 157

covalent hond, 179

hydrogen bonds, 129-230

i Lewds acid-base model, 355-356
and prep 1, 530

s oxddizing agent, 440

reactivity of, $26-527, 528
and xenom, 154

Fuorite, 218

Food partions, energy values in, 213t

Food preservation, 472, 472

Forenske toxicology, 545-546

Formal charge The charge that an atom would have
if the bonding electrons in 1 molecule were
equally shared, 162-143, 186-186a

Formaldehyde, 361, 562

Formation constant (K} Equilibrium comeant for
the formation of a complex loa from the
corresponding cation and lgands, 385-34%,
3861, 405

Formic acid, 340¢

Fourth quantum number (m,), 135

Franklin, Rosalind, 595

Frasch, Herman, §29

Frasch process The procew msed to extract native
sulfur from underground deposins, 529, 519

Free encrgy (G) A thermodynamic quantity, defined
as the difference between the enthalpy and
the product of the alwol perature and
entropy of 4 system, 413415, 414

Free energy change (AG) The difference in free
energy between products and resctants,
414, 424427, 4294294

Free energy of formation AG for the formation of a
species from the elements, 413415, 461

Free radicals, 163, 44§

Freezing curve, 262

Freezing point The temperature ar which the solid
and liguid phases of & substance are at equl
librium, 223, 22¢

Freczing pomt consranty, 264¢

Freszing point lowering The decrease in the fresring
point of & liguid caused by adding » solite,
262-264, 268, 27

Frean, 103

Frequency (v} The numnber of
per unit time, 1235-1217, 125

Frosg, Robert, 187

wave cycles



Fructose, $86¢
Frult julces, 340
Fued celly, 461463, 461
m‘n Il of
sonsl growp A small group of atoms in an
arganic mobecule that the molecale it
characteristic rmpm
alcohols and ethers, 55856
aldehydes and ketones, S61-562
amines, 565-556
carbasylic acids and esters, $62-365
common, 555
Fusion A reaction between smull stomic nuche to
form a larger one, releasing energy in the
process, 450, 453484, 486b

G
G. See Free encrgy
Gadolinium oxide, 141
Galactose, S86¢
Gamma radiation High-energy photons emirced by
radicactive nuchel, 467, 468, 468, 4691,
471,471
G-mpbrddphmoimmm(houlﬁnd
shape or volume, 2, J
caleulation of P, V, », o T, 102-103
comparison of solids, liquids, and gases,
216-217
final and initial state problems, 100-102
g law calculagions, 100-103, 123a~123b
gas mixtures, 110-114, 123c-123d
ideal gas law, 98-100
intermolecular forces, 217
introduction to, 95
kinesic theory of, 114=120, 123d
measurements o, 96-9%, 1233
molar mass and density, 103-105
9694
real gases, 120-122, 123d
solubility and pressute, 257-259
solubility and temperature, 257, 257
standard molecular entropics, 411
stoichiometry of gaseous reactions, 105-110,
123b-123c
vol and wmp %
Gas chromatography (GC), 6
Gas constant (R) The comtant that appears In the
idcal gas aw; R = 0.0821 L - atmmol - K =
B31 Jimol « K, 99100, 1000
in Clausiva-Clapeyron equation, 220
Gascous chemcal equilibrium
changes in conditions on an equilibrium system,
effect of, 323-328, 330d-330e
determination of K, 315-318, 330b
equilibeium constant, applications of, 31§-323,
330b-330d
cquilibrium constant expression, $310-315,
330a-330h
industrial application, 325-329
introduction to, J06-307
N;O.;I;IO; equilibtium system, 307-310, 307,
0a

preswure, effect of, 126t
Gaseous effusion, 480
Gaseous species, adding or removing, 323-32§
Gas law. See Avogadro's number; Boyle's law;
h.anb'o and Gay-Lussac’s lawg Tdeal gas

Gas-liquid chromatography (GLC), 6

Gas mixrures, 110-114, 123c-123d

Gasoline, 552

Gaviscon, 93¢

Gay-Lussac, Joseph, 108

GC (Gas chromatography), 6

Gelusl, 93¢

Generation 111+ reactors, 483

Geametric omeriem A type of isomerism that

different
structures, 494, 495497, 567-369
Ghiorso, Albers, 470
Giaugue, Williamt, 165

Gibbe, J. Willard, 413, 415

Gibbs free energy, 413, See also Free encrgy

Gibbw-Helmboltz equation The rclanan AG = AH -
TAS, 414415, 41!—420

Gillespic, R ., 167

Glas electrode, 452, 452

Glass transition temperatuse, 427

GLC (Gas-liuid chromutogeaphy), 6

Global warnting. See Climare change

Glucose, 269, 426, SH4-585, S86¢

Glutamic scid, 58%¢

Glutamine, $891

Glycerol, 16, 561

Glycine, Shw, $92, §92

Glycylalaning, §52

Gold

cyanide process, $12-513, $12
catalysis, 297
overview of, $12-513
percent abundance, 44
ympemmof. i6
reduction, ease of, 520t

Geaham, Thomas, 117
Guhm’cthbenunlrﬂuunaohplu
root of

i

in molu uuu. ll7-“9
Grain alcohol, $60, See also Ethyl alcohol
Geam, 52-54 73-73a
Grunite, 6
Graphite, 233-234, 233

Gmdmﬂnlmalbwdmnmdu
species, 131, 138
& 2 1 s~f -

Group 1, 507, 513, 515. Sudaohlhh metals

Group 2, 507, 513, 514, 515. Sev also Alkaline
earth metals

Group | Cation group in qualisative analyss,
AD3-404

Group Il Cation group in qualitative analysis,
403404, 403

Gmxpll‘lo(‘:uimminqwmﬁvendmm.

Group IV Cation growp in qualitative analysis, 404
Groups Vertical columms of the periodic table,

3334, 140, 1400

H

H. See Enthalpy

“H-2 blockers,* 93, 43

Haber, Clara, 329

Habez, Fritz, 328-329

An ind | used to mike

" ammontia from the clements, 328-329,
329t 530-531

Hahn, Otto, 480

Half-cell Half of an clectrochemical cell, at wiich
mddndon o rducdon occurs, 436

Hull-eyg 1w describe halis
 reactions of oxidation or reduction, 87,
431415 432

Halllife The time required to convers half of the
origintl amount of reactant to product,
185-2047, 290 /

Half-neutralieation, 377

Half-reactions, §8, 431, 511

Halfway point, 377

Haulide anioes, $30

Hall, Charies, 34, 50%

Halogens Elements of Group 17, 34, 164, 227¢,
528, 530, $38:

Hatcherr, Chatics, 49

HDL [High-density) cholesterol, 573-574

Head-to-head, tail to-tail polymer, 579

Head-to-rail polymer, 379

noex 679

Hearthuem, 93
Heat A lorm of encrgy that flows berween twa
samples becawse of their difference in rem-
perature, -4, 187, 209-211, 210¢
Heat capacity The amount of heat tequired to raise
the temperature ong degree Celuiu, 190
Heat content. See Enthalpy
Heat flow {g) The amount of heat Howing into 2
system [ +) or oot of it (=)
direction and sign of, 189
and enthalpy change, 211
magnitude of, 1§9-191
measrement of, 192-195, 2152-215b
principles of, 188191, 115-2153
state propertses, 158
Heat of formation. See Enthalpy of formation
Heat of fusion AH,, for the conversion of one mole
of «'solid 10 a liquid at constane T and P, 199
Heat of vaporization AH,, for the conversion of
une mode of 2 lguid w 2 gasat constant T
and P, 199, 220
Heavy water reacton, 482
Hellos (gud), 49
Helium, 259
atomic s, J1
and the Bobr moded, 132
A3 A carrier gas, 6
discovery of, 184
ehectran configuration, 13§
n Group 18, 34
#3 permanent gas, 223¢
properties of, 16
use of in air ships, 105
Helix structute of proteins, $94-395, §94
Helmholtz, Hermann von, 415
Hematite ore, 55-39%, 7§, 415426, 50¥
Heme, $03, 503
Hemoglobin, 503, 523
Hemophilia, 554
Hendervon: Hasselbalch oquation, 362
Hemry, William, 258
Henry's law At low to moderste pressures, gaa solu-
hility is directly proportional o pressure,
268 258 259
Heptase, 5501, $53
Hepuanol, 256¢
Héroult, Paul, 34, 509
Herschel, William, 48
Hertz (Hz) A unit of frequency) one crcle per sec-
ond, 125
Hews, Germain, 200
Hess's law The heat flow i a reaction that is the
sum of rwo ather reactions Is equul o the
sum of the heat flows in those rwn reac-
tians, 200-201, 2 00 106. 425
Hmm.eocou-az
mn!ibfn.!l.!—ll!
Hemngm:om mmurt. 36,6
position, J, 6, 6,

197 313-3!!
Hexaamminechromusmy(1T1), 492
Hexaaquoaluminam([11) loa, 340t
Hexsaquairon(lll) lon, 340
Hexazyanoferratz(1il), 493
Hexagonal ring structure, 161
Hexammunecobalt{Il) chlatide, 388, 3438
Hexane, 61, 255, 550t
Hexanol, 256t
High-demsity (HDL) cholesterol, $73-574
Highly toxic clements, 35, 35
High-spin complexes Any complex that, for a par-

u:u!u umlo‘ nnou. hn the lacgest possible

500, 501

High-tempersture luefcclh. 462
Hindenbwrg explosion, 10§
Histidine, 389
Hitler, Adolf, 329
Hodgkat, Darethy Crowfoor, 241

Hodgken, Thomas, 241
Holfmum. Roald, 95, 274

‘”Ualfwm in compmition, $-8, &,
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Homogeneous uuly:h. 297-298
Homogencous mixtures, $-6, 6
Honcy, 586
Horace, 1
Household products, 537, 545
Houchold solutions, 50
Hubble Space Telescope, 48
Human body, m;ybalm n, 213-214
Hund, Friedrich, 144
Hund's rule Ordinanily, electrons will not int
an orbital unal all orbitals of equal energy
contain one clectron, 144, 49§
Hybridization Mixing of two or mose oehitals or
structures, 178-184, 156h
Hybrid orbital An orbital made from & mixture of
individual atomic oebitals. An sp® orbizal i
formed by mixing an s with two p orbitals,
179-181, 179, 180¢
Hydrates Compomd- containing bound water such
s IaCl; H;0, 71-72
Hydration Reaction with water, 572
Hydrazine, 45, 63-64, 65, 531
Hydride A compound of hydmp:n. specifically one
contamning H* jons,
Hydride jon-water reaction, .m
Hydtiodic acid, §1r
Hydrobromic acid, 81¢
An organic compound containing
oaly carbon and hydrogen atoms, 227¢,
255,411, 548, 553
Hydrochloric acid
common ban effect, 194
conversions berween concentration wmirs,
251,252
definition of, 46
n digestion, 93
ionization of, 336, 116
iron oxidation, 444
limestane identification, 534
and metaly, 518-519
overview of, §33-534
jon with & carb 207
a8 a strong acid, Bt
Hydrocyanic acid, 340t
Hydrofluonc acid, 340t, 533-334

Hydrogen
In acetic acid, 62
in acids, 46
aliali and alkaline sarth metals, resctions with,
514
atomic mass, 31, 130
atomic number, 26
atomic spectra, 129
in balanced , 63-64
Ralmer series lines for, 132
boed enthalpy, 207-208, 20K, 204
and combustion, 61
in compounds, 4
covalent bond, 178-179
and covalent bonds, 155-156, 156
.~ diprotic acids, 380352
and electrolysis, 457

electron diseribution in, 132-133, 133
equilibrium constant, 318
in fertilizer

in heterogencous equilibria, 313315, 3144

mass number of, 27

noble-gas structure, 156

nonmetal compounds, $30-534

oxidation number, 83

as oxsdizing agent, 91

partial pressure of, 111

percent abundance, 4t

as permanent gay, 223t

polarity of, 174-173, 17§

rate expression, 302

use of in air ships, 108

valence electrons, 158

and warer displacement, 111
Hydrogenation, $72
Hydrogen atom, 130133, 1542
Hydroge bomb, 484

Hydrogen bond An ateracrive foree berween mol-
ccules found when a hydrogen atom is
banded to N, O, or F, 229-232 220y 233,
255

Hydrogen carbonate inn, 340t, 366t, 570, 370

Hydrogen chlonde, 197, 197

o an sod, 4544

30d-base trration, 174, 374, 376, 379-380, 3150
buffers, 365-366

and malecular speed, 116

a3 molecuiar substance, 226

overview of, S33-534

# & strong acd, 80, 82

sitration of with sochum hydroxide, 85

Hydrogen 53

Hydwogen fluoride, 81, 82, 174173, 175, 229,
415, 530, 533-534

peroxide, 45, 60, 277378, 278, 20K,

29§, 515, $32-533

Hydrogen phosphare ion, 340¢

Hydrogen swifide, 403, 531-532

Hydrogen sulfite ion, 340¢

Hydronium jon The H,0" jon characterintic of
acidic water solutions, 332, 374, 379

Hydroperoxides, 561

Hydroxide, 93, 368-370, 374, 4011

Hydroxides, 390z, 404, 515

Hydraxyapatite, 522

Hyperbaric chamber, 259

Hypertension, 122, §22-523

Hypochlorite sons, 160

Hypochlorous acid, 340t, 527-528

I
thuprofen, 342, 357
fee, 217, 217, 231,271
fce beer, 262
Ideal gases, 1201
Ideal gas law A refation berween pressure, volume,
m&c and amount for any gas at
pressures: PV = aRT, 98-100, 95
calculations, 100-105
and enthalpy, 212
atd gas mixtures, 110114
and law of combining volumes, 108
md real gases, 120-121
hiometry of g 105-110
and vapor, 217
Ideal g vy The ge le would
hmlllhdlmo(nmhlmdyunwm
neglected, 167 '
Inditem, 371-372
Induced dipole, 227
Induiced radioactivity, 473
Industrial ethanol, 560
Incre gases, 34
Infrared (IR) radiation Light having a wavelengthy
greater than shout 700 am, 127
Imitial rase, 279
Insoluble carbonate, 93

Instantaneous rate, 277
1,

t, #-9
Inaulin, 241
Intensive properties Properties of a substance which
are independent of the amount of sample;
denuity is an intensive property, 15-16, 16
Intermediates, elimination of, 300-302
Intermolecular forces The forces between molecules,
226
dipole forces, 228-229
ion force, 237
hydrogen bonds, 229-232
in solids, liquids, and gases, 217
and solubility, 255, 255
Internal combustion engine, 211
Internal encrgy. See Encrgy
International System of Umn 51, 9
Intzrnational Union of Pure sod Applied Chemistry
(IUPAC), 33, 5§50, 551, §55

fodide 1on, 330

Todides, 390t

lodine, 65, 142
and antimony, 65-70
color of, 127

as an oxddizing agent, $28-529
percent abundance, 4t
properties of, 326t, 327
rate expression, 302
wblimation, 225, 22§
sublimation of, 314
Todine chloride, 228, 228
lon concentrations, 451452
lonic atmosphere, 271, 271
Tonic bonds The electrostatic forces of attraction
between oppositely charged jons in ionic
compounds, 39
Tonic compound Any compound made up of cations
and anions, 39

formulas of, 4143
and hydreares, 71
names and formulas of, $0¢-50d
names of, 43-44
and polyatomic jons, 42
At room temperature, 40
simpiest formula for, 60
solubility, 256
solubility of, 75-76
strusture and properties of, 237
lonic erystals, 242-243, 242
lonic radius The radius assigned to 3 monatomic
fon, 149, 150-151
Tomic solids Any compoand made up of cations and
anions, (Also sometimes referred 1o a4 jonic
camposnds), 232, 212, 235, 245¢
lonization energy The encrgy that mnt be absorbed
o an from a sp
151-152, 151
fon pair, 271
lon prod tant (Q) The product of the
ion of dissociated ions of & salt
(raised 10 the power of their cocfficienn) at
a particular poing in time, 395
lon product constant of water (K.) The
[HIOH-} = 1,0 x 10" ar 25°C, 333
lons Charged species, 3740, 19, 43, S0b-S0¢, 146,
I89-390, 405a. See also Anions; Cations

lron
crystal field splitting energy, 500
electronic structure of, 498499
hali-reactions, 431
and heme, 503
low-spin and high-spin complexes, 300
metallurgy, 509-510
and nutrition, $23
oxidaton number, 5§
oxidation of, 91, 446, 520
percent abundance, 4t
reduction, =ase of, §20¢
relative size of iron atom and it jons, 157
second law of thermodynamies, 413
and specific heat, 190
Iron {111} hydroxide, 7§
Tron (1) nitrate, 78
Iron(ll) hydroxide, $20
Iron(Il) chloride, 147
Tron(Ill) oxide, 509, 510, 520
lron(ll) sulfate, 147
lren oxide, 421, 509-310
Iton production, $09-510, 509
Isobuty! formate, $€4¢
Isoclectric point The pH ar which an amino scid
does not migrate in an clectric field, $91
Isoelectronic, 446
Isolewcine, $89¢
Isomerism in organic compounds, $66-571, 575h-575¢
Lsomers Any species with the same formuls as
another species but having different proper-
ties, Structural and grometric isomers are
poasible, 162, 495497



Isooctane, 553

Isopentyl acetare, 564t

Isopropyl group, 550¢

Isotope An atom having the same sumber of pro
tons #s another atom but with daﬁ:uu:

lsotope
TUPAC (Imernational Union of Pure and Applied
Chemistry). 33, 550, $51. §§¢

J

Jeftreys, Alec, 596

Jewelry, 512

Joint Institute of Nuclear Research, 470

Joliot, Frederic, 470, 473

Joliot-Cutie, lrene, 241, 470, 473

Joule () The base 51 unit of energy, a joule is equal
to the kinetic energy of a two-kilogram
mas moving at a speed of one metes per
weond, 127, 189, 453, 453;, 478

Jung, Carl, 360

L3

K. See Equilibrium constant

K,. See Acid equilibsivm constant

Ky See Base equilibrium constans

K-clectron capture The natural radioactive process
in which an inner electron (n = 1) enters
the nuclcas, converting & proton 1o a ney-
tron, 468, 469t

Kelvin (K} The scale obtained by taking the lowest
artamable temperature w be 0 K; the vize of
degree i the same a0 °C, 9, 96

Kelvin, Lord, 9

Ketones C 4 ¥l group
—C=0 bonded to wo hydroarbnu. 550,
S61-562

Ky, See Formation constant

Kilo The pra;i: indscating a multiple of 1000, 7t
por 4

Kilograms,
Kilojoules, 127, 149, 47§
Kilowatt-hour (kWhi, 453
Kinetic energy, 115, 132
Kinetic theory A model of molecular motion used
to explain many of the properties of guses
average kinetic energy of translational motion,
E, 115
average speed, w, 115-117
distribunion of molecular speeds, 119-120
cffusion of gases, 117-119
expression for pressure, 114115, 114
of gasex, 290
molecular model, 114
reaction rate and temperature, 293
Klaproth, Martin, 48
Knowles, Willlam §,, 571
Korotkoff sound, 122
Krafy, J. L, 545
Krypton, 139, 184, 185
K See Solubility product constant

L

Labradoodle, 167

Labrador, 161

Lactic acid, 340t, 357¢, 363-364, 364, 366, 571

Lacrose, 586t

Lanthanides Elements §7 (La) through 70 (Yh) in
the periodic table, 141

Lanthanam, 481

Laser fusion, 484

Lavoisier, Antoine, 15

Law of combining volumes, 108

Law of conservation of energy Energy can neither
be created nor destroyed; it can only be
convertod from one form to another, 209

Law of conservation of mas, 14

Law of constant composition, 24

Law of muluple propornons, 14, 24

1 Livermeee National Laboratory, 470

Lead, 4¢, 545

Lead azide, 526
Lead|Il) chioride, 390

Leading elements, 8

Lead(IV) oxide, 459

Lead poisoning, $04

Lead shor, 20

Lead wtorage buttery, 459460, 459

Le Chisclier, Henel, 323

Le Chitelicr's pn-uple ‘When 2 system at equihib-
rium s dissurbed it responds in such a way
s 1o partially counterace thas change, 323,
315,326, 363, 393

Lewils, Gilbert Newton, 156, 165, 408

Lewis acid A species thar accepms an electron pair in
an acid-base reaction, 355156

Lewis acid:base model, 355-356, 156¢

Lewix base A specics that donates an elecron pair
m an acid-base reaction, 355-356, 490, 531

Lewis structure An electronic structure of 3 mol-
ecule or jon m which electrons are shown
by dashes or dots (clectzon paires), 156166,
388, 535, 518

of atoms commonly formng covalent bonds,

flowchart for expanded octets, 167
formal charge, 162-163
of oxoacids and oxoanions, 538
resonance forms, 160-162
writing, 158-160

Libby, Willard, 165, 475

Lichens, 503

Life processes, kinetics of, 292

Ligands Molecules or anions bonded to the central
metal in & complex jon, 488, 490, 499,
459, 503

Light, 125129, 154a

Lighe, speed of (¢), 476-480

Light absorption, S01

Light water reactors, 481282

Limestone, 510, $34, §34. Soe alio Caleium
war

Limiting reactant The least abundant ceactane based
onlh:qmnun for & reaction; dictates the

of produce that can be
formed, 67-40
Linear funcrions, 219-220
Linear molecule A tristomic molecule m which the
bond angle is 180%; examples include BeF;
and CO,, 166
Lincar polyethylene, $74 578
Line smimion specra, 129
Liquid propane, 552
Liquid scintillation counter, 477
Liquid The physical phase of marrer that has a
fixed volume but is not ngid in shape, 3
boiling poine, 221-222
comparison of sohdy, liquids, and gases, 216-217
und crinul temperature, 222,223 223
and

m-m
definition of, 2
intermolecular forces, 217, 226-232
liquid-vapar equilibrium, 217-223
melting point, 225-226, 226
molecular substances, 226-232
phase disgean, 223.225
vapor pressure, 218-219
yapor pressure vy, temperatute, 219-221
muid-vnpox equilibrinm, 217-223 245245,
o 34, 138-139, 442 434 515
Lithium-6, 479
Lithium chlorate (LICIO,), 78
Lithium chlonde, 242, 242
Lithium hydroxide, K1, 336
Lithinm-lon (Li-lon) batrers
Liviagston, James D, 457
Lobsters, 153
Lockyes, Norman, 49

¥

dplsl

inoex 681

London forces, 227

Low-density (LDL) cholesternl, $73-574

Lowry, Thomas, 332

Low-spin complexes Any wmpleu that, for a par.
ticular metal jon, has the smallest possible

ber of unpaired el ns, $00, 500,

o

Lucite, $77¢

Luster The characreristic shuny appearance of =
metal surface, 236

Lye. See Sodium hydroxide

Lysine, 58%t, 593

M
Maalax, 93t
Maganese(ll) chloride, 147
Magie numbers, 466
Magnesium, 70-71
acting as a weak said, 353
electron configuration, 139
enthalpy of formation, 202
percent abundance, 4t
reactions with water, 514
reactiviry of, 513, 515
thermite reaction, 204
Magnesium jodide, 7071
Magnesium ion, 396-357
Magnesium oxide, 202
Magnesium sulfate, 370271, 270¢
Magnus, Albertus, 20
Main-group elements Elcments in ane of the groups
numbered 1 to 2 or 13 to 18 of the periodic
table, 13
Malic acid, 357¢
Mllluhlluy'lhabﬂmrmbuhaped.uby pound-
ing with a hammer; characreriwic of merals,
236
Maltase, 298
Maltose, 298, S85-586, 586t
Manganese, 41, 236, 519, $20¢
Manganese dioxide, 458, 532, 532
Lhmmt. 96,97, 122
Maplc sytup, 272
Marcer, Jane, 458
Mars rover Curiosity, 63, 61
Maw, §, 131, 16, 17, 31-32, 54
Mass, change in [Am), 476-480
Mass defect The difference between the wsass of 4
nucleos and the sum of the masses of the
neutrons and protoms of which it s com-
posed, 479
Mass-energy relatiom, 476480, 4865
Mass number (A) An integer equal 1o the sum of
the number of protons and neutrons in an
atomic nacleus, 27-18
Mass percent 100 times the r2tio of the e of 2
component to the toca] mam of & sample,
249-250, 251
Mass relations
fmmqnmoeu. 6547
| yicld and p yiedd, 70-71
limum.nm and theoeetical yield, 67-70
molecular formuls from simplest formuls, 62-63
male-ttias relations m, 73c=73d
percen: caomposation, S8-59
simplest formula, 60-62
writing and balancing chemical equations, 63-6§
Ma spectrometry, 7, 28-29, 29
Masterron, William L., 272
Matzzr, 147, 3, 1520, 215
Maxwell, James, 114, 119, 415
Maxwell distribution A relation describing the way
in which molecalar speeds or enerpies are
shared among gas molecules, 119
Mayer, Maria, 467
Measurements
conversion of umits; 12-14
instruments and units, §-9
introduction o, 7
uncertainties in, 9-12, 10
Medicine, 20, 471
Megs, 7t -
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Matner, Lise, 450

Melting paint The temperatare at which the solid
and liguid phases of 3 sabstance are in equi-
fiberwn with cach other, 16, 223, 225-226,
226 22N 233 235-236

Mercury tp:l).;l. 45

Mercurylll) oxide, 15-16, 459

Mercury sulfide (HgS), 75

Metabolic energy, 213-214

Metal alloys, 246

Meral cationa, 339, S23¢

Metul loas, S05a-505b

Metallic irox, $8-39

Metallolds Elements such a4 5i or B that have prop-
erties intermediate between those of |

Mode of decay, 467469

Moissan, Henri, $30

Maoalal bailing point constant, 163

Mulal freezing point comant, 263

Maolality () A concentration unit defined as the
number of moles of solute per kilogram of

wlvent, 250-253, 252, 263
Malar heat capacity, 190
AIIJ"M,A m‘L ‘mhd‘

number of moles of solute per liter of volu-
tion, $4-58, 247-248, 2§1-253, 252, 424
Mnhmmmmmdmmhdl
subseance, 52, 54
bailing point, effect on, 27
propertics, from, 267-264
and dispersion forces, 227
and effiion, 117, 119
and gascs, 96, 103-105
and motecular speed, 116

and nonmetals, 34, 4
The science and p of extracting
metals from their oces, 506
chloride ores, $07-508
native metals, $12-513
oxide ores, 509-510
sulfide ores, 511-512
Memals Substances having the characrerstics luser,
mallezbility, and high clectnical condoctive
ity, 34-35
alkahi and alkaline carsh merals, reactions of,
S13-516, 5242
and catioms, 37

metallic solids, 232, 236-237, 245¢
metallurgy, 506-513, 524-5243
m murition, 522-521
ind the periodic table, §07
wirucrure and properties of, 237
transition mesals, §16=3522, 5242
Methane, 4, 168, 169
applications of, 552
as a binary compound, 45
band angle, $48
deviation from ideal gas behavior, 121-122, 121
free energies of formation, 417
hybrid orbical, 150
molecular formula for, 36
nomenciature, §50t
a5 permanent gas, 223t
reaction with oxygen, 211, 211
structural formula for, 36, 36
Methane hydrate, 71, 72, 72
Methanal, 153, 559, Sen also Methyl alcohol
Methionine, 589
Methylacetylene, 555, 555
Meshyl aleohol, 162-163, 253, 256¢. See also
Methanol
Methylamine, #1, 82 36§
Meshyl butyrate, S64t
Muhyl jproug, 550t
Methyl

Ma’vrlm’. 372,373,373, 374,376, 377,379,
380, 150

Metric system A messuring system where all units
af a particular type (e, volume) are relared
10 one another by powers of ten, 7, 7t

Metric ton. 8

Micro, 7y

Microstates, 409

Milk of magnesia, 515

Milli The prefix on a metric uni tdicaring 1 mul-
tiple of 104, 7t

Millimeters of mercury (mm Hg) A unit of pressure:
I atm = 760 mm Hg, 97

Milton, John, 430

Mirror images, 569

Mixture Two or moce substances combined so that
each suby its chemica) identity,
1, 5%

Maodely, for rraction rates, 249-293

lecular speed, relation to, 116
and picx, 411
Molar vuhm:. 100, 121-122
Mole A collection of €.022 % 107 jtems. The

Naming, complex ions and coordination com-
pounds, 492453

Nano The prefix on a metric unit indicating a mul
tiple of 10°%, 7t

Naphthalene, 4, 264¢, 558

Naproxen, 571

Native metals, 512-513

Natural gas pipelines, 71-72, 552

Natural Jogarithm, 219-220

Natural radioactivity, 467

Neon, 34, 34, 146, 184

Neprune (god), 49

Neptunium, 470, 470t

Nernst, Walther, 449

Nernst equation An equation relating cell voltage
£ to the sandard voltage E* and the ronic
concentrations und/or pressures of reactants
and produces ar 25°C: £ = E* = (0.0257/n)
(In Q), 445451

Net ionic equation A chemical equation for a eeac-
tion involying ions in which only thowe
species that actually reace are included,

mass in grams of one mole of a
is numencally equal 10 its formuls man,
S1-5K, 54, 73-73a,100-103

Maole fraction (X) A concentration unit defined m
the number of moles of a component divided
by the total number of moles, 112-114,
123:-123d, 249, 251

Mole ratia, 59, 108-109

Molecular collisions, 290

Malecular compounds, $0c-50d, 60

Molecular formula A formula in which the mumd

7678, N1
oy N ! ! ing a in which all
the atoms are linked by a network of cova-
lent bonds, 232234, 232 3371, 245c
Neutral complexes, 492

Neutralization A resction between # strong acid
and base to form 3 neutral solution, 82,
374, 399

Neutral solution A water solutson with a pH of 7
(at 25°C), 333, 334

\'cutnl species, 88

of atonms of each type in & molecule Is indi-
cated as 2 subscript after the symbol of the
arom, 36, 62-63
Mdeulumﬂwhpeohmokwlc
the relative pasitions of atoms,
166=174, 168, 170, 172, 1862

M&mlumndd 114, 114
Molocular odnuh. 164
Nokwlaupxd;. 116, 119%-120
, of rubbery matenals, 427424
Molccular substance A substance composed of dis-
crete molecules sich an Hy or CH,, 16
dipole forees, 228-229
dispersion force, 227
effect of molar mass on bolling poing, 227
hydrogen boncs, 229-232
liquid, 226-232
in solids, Hoguids, and gaes, 217
structure and properties of, 237t
Moiccule An aggregate of atoms that is the funda-
mental buildieg block in all gases and many
solids and liquids; held together by covalen:
bonds berween the atoms, 35-37, 50b-50c,
174178, 186b, 216-217, 348
Mole-mass conversions, 66, 73-73a
Molina, Mario, 303

Muonatomic ions, 39, 45=148, 154¢

Maonoatomic ion, 88, 146

Monomers Small molecales thar join with other
monomers to form a polymer, 576

Maonosaccharides Carbobydrates that cannot be
broken down into a simple sugar, $83

Monounsaturated fats, 574, 574

Morphine, 358

Mom, 503

Multiple bond A double or triple bond, 171,
IRF-182

Multiple proportions, law of, 24, 24

Muncular activity, 214

Mylanta, 93¢

N
. See Mole
Ny See Avogadro's number

amalyss, 471472
NcumApnm:kmanmnndmmd\nm
charge and & maws of approximatedy | amu,
2526, 251, 469, 473

Neutron bombardment, 470, 478«
hcumm-m-ptm ratio ‘WP"» 466, 465
Newman, John Henry Cacdinal, 51
Newton, laaac, 5, 129, 465
Newron's law of motion, 130
Nickel, 41, 444, 444, 501, 518, 527
Nickel-based hatteries, 460
Nickel-cadmiune (Nicad) baneries, 460
Nickel chloride, 76, 76
Nickel hydeoxide, 76
Nickel(ll) oxide, S17
Nickei(Il) valr, 437
Nickel(ll) sulfaw, 147
Nickel-mezal hydride battzries, 460
Nickel nitrate, 256
Nitric acid

and acid rain, 382

and ammonia, 331, 542

decomposition of, $41

muolarity, §4-55

v, nitrous acid, 339

overview of, $42-543

and oxidation, S18-519

a1 oxoacids, 46

reaction with proteins, S43

a8 # strong acid, 81¢, 82
N oxide, 45, 163-164, 336
Nitrogen
In balanced cquations, 6164, 65
cquilibrium comstant, 318
equilibrium p-rml pressures of, 320
in fertilizer, 66-67, 67
hydrogen bonds, 215-130
occurrence and prepatation, 529
axoaions of, 44¢

a5 2 reducing agent, 531
single bonds, 158

Nitrogen dioxsde
adding oe removing gascous species, 323-324
23 & binary molecular compo +“
changing the chemmcal equation, 310-311



collision model, 290, 200

and compression, 325-326, 325, 32§
electron-deficient molecule, 163164, 164
equilibrrum, 307-310, 307, 330a

and high temperatures, 299
and nitric aod, $42
reaction eneegy i 292
as smog, 535, 53§
temperature, 326-328, 126
ransition-state model, 291-293
Nitrogen oxides, 535
Nitrosium jon, 382

Nitrous acad, 339, 340¢, 53¢
Nitrous oxide, 45, 297, 536
Nobelium, 142
Nobel Peace Prize, 17%
Nobel Prizz in chemistry, 87, 142, 178, 241, 303,
329, 473 498 530, s™1
Nabel Prize in medicine, $%5
Nobel Prize in physics, 130, 467, 473
Nohle gases Elements in group 18 ut the far right
of the periadic table, 34, 41, 146, 144,
184185, 227
Noble-gas seructures, 41, 156
Nomelectrolytes, 40, 260-264%
Nonmetal axsdes, §35-537, 535t
Nounmetals Elements i the upper eight part of the
periodic table that do not show metallic
properties, 1435
and anions, 37-38
elements and thesr preparation, $26-530
bydrogen compounds of, $30-534, 530¢
introducoon to, 525
oxoacids and oxoanions, 337-545, F4pa-346e
oxoacids of, S38t
oxygen caompounds of, $34-337
and the perlodic table, 526
properties of, 526t
Nonpolar bond A covalent bond in which the
electrons are equally shared by two aroms,
»o there are no positive and negative ends,
174
Nonpolar molecule A molecule in which there is no
separation of charge and hence no positive
and negative poles, 174-175, 228
Nunspontaneous reactions, 407, 414, 425
Nonstowhinmetric nickel(IT) oxide, 5§17
Nonstoichiometric oxides, $17
Noauniform mixtures, Seée Heterogeneous mixture
Normal boiling point The semperature at which the
vapoe ure equals | atm, 221
Novecaine e, 358
Noyari, Ryoji, $71
Nuclear accidents, 482
Nuclear binding energy, 475480
Nuclear equations Symbolic representations of
mmdnubowhnwlhemmdm

feus iy altered, 46§
Nuclear fission, See Fission
Nuclear fusion. Ses Fusion
Nuclear musses on the C scale, 477¢
Nuclear radiation, 468
Nuclear reactions _
mass-energy relations, 476480, 456h
nuclear fission, 480483
nuclear fusion, 483484, 486b

nuclear stability, 465467, 486
radioactive decay, rate of, 473-47p, 486a—486h
radioactivity, 467472, 486-4K6a
Nuclear reactoes, 481483 452
Nuclear stability, 465-467, 479480, 450, 486
NndnnynbolAlywhdﬁuu;dnmnumbu
and mass number of & nucleus.

o

Octahedral complexes, 499-501

Octahedron A figure with cight sides and s verni
cen, 168, 495, 495, 494, 497, 500, 503

Ocrane, 226, $50¢

Octane pumber, §52-553

Octet rube Bonded atoms (except H) sonad o have a
share in eight valence electrong, 156166,

Omeprazole, 93

1-Propanol, 60

*On the Equilibrisan of Heteroge Salbs 3"
(Gibiw), 415

“On the [nfluence of Carbon Dioxide in the
Al on the Tmm of the Ground*
{Arrhenius], 87

Opium poppy, 15§

Oppenheimer, |, Robers, 480
women liomers which rotate the plane o

plane-polacized light, 569-371, 369

Orbital Regiem of space in which there is 4 high
prabahility of finding an eleczron within an
atom, 124, 133, us

noex 683

Oxide oees, S09-310
Oxides, molecular structure of, $36-$1¢,
S$46a-240k
Oxidizing agent A specics that accepty electrors in
4 redox reaction, Y091, 431, 440341,
Aedi-dtdb, §12, S21-522, 527529, 340
Oxoacids Acids containing oxygen, wch g HNO,
or H;80, 46 147 0ax
acul strenpth, $36-540
equilibrini constants for, 339
teroducton o, 375346
Lewis structares of, 135
nitric acid, $42-543
of nonmezals, $36¢
oxidanon and streagrh reducnon, S40-541
phosphotic acd, 545
willfuric acid, $43-544
Orxoaniaons Anioms commaiming axygen, such as
NOy " or SO/7, 42, 43, W1, 521-322,
§37-538, 338
Oxyacetylens torch, 356
Oxygen
in acetic acid, 62
i acids, 46
aliali and slkaline exreh metals, resctions with,
S14-518

Orbital disgrams Sketches ing el |
nans of atomic orbicals; eleumn cpm are
indicated by up und down arrows, 124,
TA3-145, J44, 13ab-1 84
Order of reaction An exponent 1o which the con-
centration of 2 resctant must be ralsed to
give the observed depenslence of rase upon
concentranon, 27R-282
Ores Natural mineral deposits from which metal
can be extracted profitably
chloside, 507-508
gold coutent of, 512
oxide, 509-510
principal, $06, 507
sulfide, 511-512, 511
Organic acids, 356-358, 357
Organic bases, 356-358
Organic chemistry. Sex ulio Carbon
alkanes, $48-553
aromanic hydrocsrbous, $5e—554
functional groups, 558566
inruhm'w to, S47-548

ds, 66571
organic mcnnn-, £ ¥ g 1-573 575¢
saturated hydrocarbons, $45-553
unsaturared hydrocarbons, 533356
Organic material, age of, 475476, 476
Organic polymers
carbobydrates, S85-557, 577
introduction to, 576
proteins, S§7-555, §97a
synthetic addition polymers, 577-380, 5777,
§97-597a
synthetic condenation polymers, S80-381, 974
Organic reactions, $71-573, 575
Onentation of polar molecules, 175
Ortega y Gasser, Jone, 307
Osmusis A process by which a solvent moves
through 2 semipermeable membrane from
4 regive where ity vapor pressury i high m
ane whete it n Jow, 264, 265, 266

Osmaotic pressure The pressure that st be apphod

10 4 solution 1o prevent oemueie, 264-267,

265,268,272 7
Osteoporosis, 522
Ostwald, Willelm, 17, £42
Onxalate anion, 490, 490

G, 27, Ala

Nucieon Either pratons or neutrons, 466

Nucleotides, $95

Nucheus The small, dense, positively charged region
at the centee of the atom, 25-26

Nutrition, essential metaly m, §23-523 See also
Carbohydrases; Proteins; Vicaming

Nyholm, . S, 167

Nylon, $82-583, 383

Oxalic acid, 344, Mar, 357
Oliddou A Iulhuukm it which there b an
"3

ber, 89-90,
431433, 3170, 510
Oxidation number A number that ks amlgned to
an slement i a molecsle or ion to reflec,
qualitarively, itx state of oxidation, §8-92,
$0,431, 432
N‘ ol sochirel - S“M'

‘

4. bak 1oy
bond enthaipy, 209
and combustion, 61
distribution of molecalar speeds, 119, 119
enthalpy of formation, 202
equilibruem partial pressures of, 320
formal charge, 163
hydrogen bonds, 129-230
in # magneric Held, 164
nonmesal compomnds, 34357
occurrence and preparstion, 529
oxidution nunbee, 89
25 an esddizing sgenz, 512
percent abundance, 4
a5 permuanent gos, 223¢
pnperties of, $24¢
reactions with rransition aesals, S16-517, S16t
rzaction with mechane. 211, 211
single bomds, 154
solubility, 257
41 & termtinal atom, 164
transition mesals, teactions with, 18517
w white crymal, 6061

Oxyhemtoglobiz, 503

Ozose, 126-127, 302-303, J0%

Ozone hole, 303, 3037

(G5t

I Sev Proswue

Paired lectrons, 144

Palladium, 17, 207

Paramugnetic Shiwieg magneoe propertes caused
by the presence of unpaired clectrons 144,
49

Parvial preswure The jrary of tho sl pressare m
& gas mixture that can be anributed to 2
particular component. The pareial pressuss
of 3 compoment may be fournd by mutriplys
ing the oo pressure by the mole feaction,
L10-114, 1231230 306-310_ 108, 31§,
611

rocles, $4
'article scarreritg expetimeny 26 26

Farmcle volume, 121-122

Parmer-exchange teactions, 76

Parn per hillion (ppb) For Liguids and solidy, the
number af grams of solute per ballion granm
of mmple, 249-250

Parts per million (ppo) For liguids 2nd solids,
the number of grame of solute per million
grams of sample, 245250

Paseal (P2} An S1 unit of pressuse; the pressire
exeried by the force of I newson om an area
of 1 square meter, 47

Pascal, Rlaise, 406

Paseeur, Louis, 571 - T
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Pauli, Wolfgang, 135§
’ n A 3 = Loal A' _;'l ‘.ri t 'u.l

that no two clectrons m the atom can have
four identical quantum numbets, 135157
Pauling, Linws, 152,178
pDichlorobenzene, 264t
PEM (Proton-exchange membranct, 46 1461
Penieillis, 241 g
Permtazmum:

Pentazmminechlorocobalt
Pentane, 255, 550¢, 551
Pentanol, 256t

Pentyl propionate, 564t
Peptide linkage The —C— N— gronp found in

e 1L, 492
{111} Chloride, 388, 388

Vercent jonization For & weak acxd HE, % oniza
tion = 100 % [H*[/[HH],, 342, 347

Percent yield A gquantity equal to 100 ¥ {scrual
yreldithenectical yreld), ¥0-71, 70

Perchlorate jon, 340

Perchlosic acid, 81t

Perchloroethylene (PERC), 244

Periodic function A physical or chemical property
of elements that varies periodically with
atomic number, 148

Perindic table An arrangement of the elements i
tows and columns sccording 1o atomic

» il

Fhosphoris peatachlonde, 165, 150

Phusphorus pemafluonide, 168, 168
Photochensisry, 165

Photon energies, 127-129, 154a

IMsotons Any individual particle of radiant energy,

127-129
properties ex sich 33 meltng point
or density w can be determined without
changmyg the chemical dentity of & sub-
stance, 16, 16 /

Plazai, Guisepps, 4843

Fi bond () A band in which clectrons are sonesn-
trated in orbtals located off the meernusclear
2is; i 8 double bond there is one pi bond,
a triple bond there are two, 182-104, 186k

Pico, 7t .
Pig lron, S09, $10
| 5

Pipet,

pK. Defined 1 —logish,, where K, i the jonizanion
constant of 8 weak acid, 341

pKy Defined as ~log sy, where K, s the Janlzation
constant of & weak base, 348

Planchk, Max, 127

Planck’s constant, 127

Platinum, 257, 297, 489t

PMatinum eloctrods, 437, 437

Marinumill), 489

Platinum-rhodinm catalyss, 542

Mexiglas, 577t

Plum {god), 49

Plutonio, 470t

bers such that ¢l with
chemical properpies fall in the same column,
30, 33-3§, 33, 50b
wromic orbitals, 138
atamic spectra, 129-130
electron arrangrments in monatomic iond, 145-148
electron configuration leom, 142-143
electron configuration in atoms, 138-143
and elecrron configurations, 141
filling of sublevels, 140-142
Creek and Roman gods, 48
hydrogen atom, 130-133
mtroduction to, 124-12¢
light, 125-129
and metals, 07
and tonmmetals, 326
orbital diagrams of atoms, 143-145
perindic trends in the properties of atom,
148-152
photom energes, 127-129
quantum ninrbers, 133137
Periods Horltontal raws of elements in the periodic
table, 33-34 r
Peemanent gas, 222-213, 225t
Permanganate o, 431, $22
Peroxide Ax cu?gruud cantuining the peroxide ion,
O; . I
(FET (Positron emission tutnography ), 471
Petroleam, 255, §51-353
Petraleum distillanon, $52
pH Defined a5 ~log, [H*)
messarement of, 338
averview of, 333-336
celatiomship with [H'], 334, 134
of some common muserials, 334¢
of strong acids and strong bases, 336-338
Phase diagram A graph of pressure va. temperature
showing the conditions for
between phases, 223-226, 243, 2452-245b
Phenunthrene, $58
Phenol, 557
Mienolphthalein, 85, 371-373, 372, 373, i74,
76, 176, 377, 379, 380, 514
Feaylaianine, 385
Phillips, 33¢
pH meter, 338, 338, 452, 452
I'hosphates, 390t
Phoephine, 45
Poospboric acid, 340y, 3461, £37, 137, 545
Somptmran, 46, 67, 164, 180, 5261, 536, 337
Fosmginarss- 3, 470 '

.

pOH Defined as pOH = —logy [OHT], 333-336,
359a-359
Ponon gas, 329, 528
Polar bond A chemical bond that has positive and
negative ends; characteristic of 4ll bonds
between untike atoms, 174
Polerimeter, 569
Folarity, 179, 176, 146b, 229
Polar molecule A maolecube in which there s &
separation of charge and hence positive and
negative poles, 174178, 228, 224
Palonium, 473
Palyaceylonitrile (PAN), §772
A compound formed whest & diamine
reaces with & di lic acid, $82-583
Polyatomic jons, 39, 41¢, 4243, 42, 5657, W8
Tolyester A large molecule made up of exter units, S81
Polyethylene, 377-579, 5771
Polyiethylene terephtbalate) (PET), 581
muoleciles made up of mawy small
wgether chemically, Sev alio

Organic polymers
catbohydrates, $83-587, §974
introduction to, 576
proteing, 3§7-595, $97a
nthetic additian polymers, $77-580, $77%,
597-597a
synthenic condensation polymers, S§0-583, 5974
Polypeptide A compound containing two ot mors
a-amino scid residues, $92-593
Polypeopylene, §771
Polyprotic acid An acid containing mose than one
jonizable H atom. Examples inclnde H;50,
and HPO,, 346-347, 346¢, 35%
Polysaccharides Carbobydrates made ip of sugar
molecules bonded togrther, S84
Polystyrene, $77t
Polyunsaturated faty, 574, 574
Polyviny! chloride {PVC), 457, 5771, 379580
Poodle, 161

Pope,
P orbitals, 135, 13§

Positive lon bambardment, 470t
Pusitron Identical 1o an el except that it has o
charge of + 1 rather than —1, 468

Positron entission, 463, 469t

Pesiteon ensission tomography (FET), 471

Post-transition metalt Lower members of
groups 13, 14, and 15, such as Pb and B,
33,42, 44

Potassium, 4t, 34, 47,139

Potassium carbonate, 352

Potassium cheomate, 56, 152, 3194-395

Potassivm dichromate, 42, 5738, 147

Potassium ferricyamide, 493

Potassium fluotide, 530

Potassiom hexacyanaferrar=(lll), 433

Potassium hystrowide, 81t 336

Potassium jodide soluton, 456

Potasium nitrate, 42

Potassium permanganate, 42, 127, 127, 278, 522

Potamsium supetoxide, 515

Pounds per square inch (pall, 96

Povidooeodine, $28-529

Powell, H. M., 166

Precipitate A solid that forms when two solutions
wee mived, 76, 76

Peecipitate formation, 394398, 405a-405b

Perecipitates, dissolving, 199-403, 402, 405b-405¢

ipitation reactiom Formation of an insoluble

solid when two electrolyre solutions ars

ner jonic equations, 76-78
solubility of jonic compounds, 73-76
stoichiometry, 78-80

Prefixes, Greek, 4445, 45
TPrefixes, metric, Tt
Pressure (1) Force per unit area, 223
and bailing potnt, 221-222
effect of on gamous equilibng, 326¢
and gases, 96-58
in gat law calestations, 100-103, 104
and gas laws, 211212
and Haber process, 32%
in ideal gas low, 99, 99
and kinctic theory of gases, 114-115
and melting poine, 225, 226
reaction spoutaneity, effect on, 421424, 429¢
and real gases, 111
solubility, effect on, 257-259, 259
vapor pressure, 218-219
Prevacid, 93
Priestly, Joseph. §
Prilosec, 93
Primary (nonrechargeable) yolunic cells, 458459
Primary structute Fot & protein, it it the fincar
of aming acids in the polypeptide
chain, $93-39¢
Principal energy level The energy level dewgnared
by the quastum number, n, 134
Principal pecs, §07
Probability, 408
Product A substance formed 24 o result of o reac-
won; appears on the night side of an equa-
tion, 37, 63, 65, 68, 198, 204,209
Froline, 8%
Propane, 223, 2231, 544, 550, 5501, 56k
Propane gas, 552
Propanol, 256¢
Propene, 554
Propylamine, 230
Propylene, 60, $77¢
Propyl group, 550
Proteins Large molecules made up of several amino
ncids, S87
aad-base of aming sada, §§9-592
a-amino ackds, S§E-S§9
polypeptides, $92-593
primaty structure, 593-594
secondary and tertiary structure, $94-3595
Proton The nuclous of the hydrogen atom, the H* jon,
25-26, 1%
Proton-exchange membrane (FEM), 441462
Proton pump inhibitoes, 93, 93
Prune, 166, 266
Pure substances, 2, 3
PVC (Polyvinyl chlaride, 457, 577¢ §79-580
Pynoire, 382

a
4. See Hear flow
Q. See Reaction quotient



Quadraric formuls The formuls weed o obam
the two roots of the quadsatic equa-
tion ax® + bx + £ = 0. The formuls i
x = (—b = VP —Saci/2a, 322
Qualitative analysis The determination of the
naturs of the species present in 4 sample;
mont often applied ro carions, 403404
Quantum mechanical model, 132-133
Quantum mechanics, 130, 132-133
Quantum numbers Nambers wsed 10 describe
energy levels available to eleceruns in atoms;
there are four such numbers
first (n), 133-134, 1561, 157, 138
fourth {m,), 134, 135, 136, 136¢
3 values, 136t

second (L), 133135, 1361, 137
thvird (mg), 133134, 135, 136¢
Quartz, 234, 234
Quinic acid, 357t
‘.
L
R. See Gas constant
Racemic muixture Mixtwre contaming oqual
numbers of rwo emantiomers of 2
substance, 570
Radianon e, 445, 4851, 455
Radioactive decay, 185, 469, 472476,
4862860
Radioactive waste, duposal of, 462587
ka&mwvhy'ﬂn ability p d by wme
and synthetic

ansformation 1o othu' uowyu
applications, 471472
biological effects uf, 485
hombardment ceacuions, 469471
made of decay, 467469
Radium, 471
Radaon, 155
Radon-222, 485, 485
Rady, 485
Ramsay, William, 184
Rundall, Mesle, 165
Randamness factor, 408409, 405
Random polymer, 575
Raoult, Franguois, 260
Raoalt’s law A relation between the vapor pressucs
() ot 2 component of a soluzion and thar
of the pare component (P*) us the same
-f| = X,l’.'. where X Is the
mole fracoon, 260261, 260
Rate constant The proportionality constant in the
ate equation fos 2 reaction, 278, 280, 284,
91
Rate-determining step The slowess step in a multi-
step mechanism, 2909-300

Reaczant The marting material in a resction;
mmt&kﬁdﬂen‘mmm”
bond enthalpy, 209
in chemical exquations, 63, 65, 6§
collions berween, 178

excess of, 68
Kinetic energy of, 290
wdcdmmwﬂmdnnu,lm

2ero-oeder reaction, 287-289
Reacting species A species that takes gart i o reac
tion, When hydrachlors scid rescss with
NaOH, the specees i the H won,
83, 83, 85, 381,459

Reactiun
direction of, 318-320, 330b-330¢
extent of, 320-323, 330c-31304

thar occurs
during the course ofa reaction, 298, 305§

elementary steps, 299

intermediazes, dlml)mncn ‘:.!',“ 300302

X i, prop

Reacnon quotient () An expression with the same
form as K but Involving concentrations and
pressures at 2 parocular polnt in time rather
than equilibrium | pressures or cone
centrations, 318-320, 421422449

Reaction rate The ratia of the chanpe in concentra-
tion of a species divided by the time interval
over which the change occun.

sctivation energy, 290-291

activation eperpy diagrams, 291-292
Arrhenius equation, 294

caralysis, 296-298, 308§

collision model, 290-2%1

and concentration, 277-282, 27§, 305a
definition of, 274-277, 305-3053

enzymes, 298

first-order reactiong, 284, J05c~305d
medsurement ol, 277, 277

models for, 289-293

order of, 305b-305c

order of with s single reactans, 278-200
order of with mose than one reactans, 280-242
rate expeession and rate conatant, 278
reactant concentration and time, 183-289
reacnon mechanism, 298302, 305F
sccond-order reaction, J05d-3035¢

and remperature, 293-296 293 305.-305¢
and ame, 305h~305¢

ransition-state model, 291-292

two-puint equation relating k and T, 295-296
sero-aeder reaction, 305d-305¢

Real gases, 120-122, 120, 123d

Rediprocal rule The equilibrium constant for & reac-
tiom in the reaprocal of thar for the same
reaction m the reverse direction, 311, 312¢,
314,374, 376

Red nhhp. an

Redox reaction A'reaction mvolying oxidation and
reduction

thmmuun
balancing redox equations, 433335
and copper, 511
definition of, 431
tnchwudu:mwy 431435
halfereactions, 88
wntroduction to, $7-88, §7
nxidn:imm:‘nhu.lwz
spoataneity of, 443446
stoichiometric calculations, 91-92
terminology and concepts, 431
zinc-copper(ll) voltaic cell, 435, 436
Redox titration, 92
Reducing ageor A species that furnishes clectrons
0 another in 3 tedox reaction, 91, 431,
430440 48404454, 09 131 40
Reduction A half-rracoon in which 3 speces
decrezses in oxidation number, 8§, 89, 431,
431433 20
Relstive masses, 28
Rems, 455
Resouance & moddd ued 0o rationalise the proper-
©os of 3 speces for which 2 ungle Lewis
rosonands

Kesonance forms, 160-162, 186-1862
Resonance hybesds, 160

npex 685

Reverse osmosls, 243, 265

Rhodium, 297, 297

Roasting A metallurgical process in which a sulfide
ore |y heated in air, forming either the free
metil or the metal oxide, 11

Rock candy, 20

Rolaids, 93¢

Roman numerals, 44

Rose, Heinnch, 49

Rowland, F. Sherwood, 301

Rubbes bands, 428

Rubber elasnacity, 477428

Rubidium, 481

Rubidium.90, 481

ldcdumldﬂtquﬂhu.\mhwm wates that &
reaction can be expressed as the sum of two
of more reacrions, K for the overall teaction
s the product of the equilibeium constants
of the individual reactions, 311, 3121

Fus, 413

Rutherford, Emest, 23, 23, 25, 26

Ruthetfordium, 470¢

s

S, Sov Entropy

Saccharin, SRét

Salt An ionic solid containing any canon ether than
H* and any anion other than OH™ or 0F°,
132-355, 354

Salt bridge A U-tube containing a salt solunon;
wied 1o bridge the gap between two halves
of & voltak cell, 436, 437419

Salt sl acid-base prop of, 352355, 35
Samarium, 481
Sand, 234
s‘F. A2
Saturated ms. 574. 574
II‘ Al _l N
In vrhk.h all the carhn»«thm bonds arc
single, 54§-553

Saturated solution A swlution in cquilibrivm with
undissolved solute, 19
Scandium, 34, 19, 139
Schrédinger, Erwin, 133
SCURA divers, 259, 249
Seaborg, Glenn, 142, 165, 470
70t

of a protein-a-heliy, $94-59%

Secoud law of thermodymamics A basac law of
nature, one form of which stases that
all spontaneaus processes occur with an
increase

Second quantom nunther (1), 134-11%

Selective precipitation Sepazation of ons i solu-
wion by sdding & reagem which, a1 3 piven
cancemtration, precpzates one of the joos,
lezving the other(s) mn solution, 396394,
403, 40356

Selene (god], 4%

Seleniom, 38, 539, $45-34¢

K. Barry, 571
John, 535

Shrowd of Turm, 476, 476
SI (Entemational System of Units), ¥
Sickle cell anemia, $94
Side of cell {s), 239, 239
Sidgwick, N. V., 166
Sigma bond (] A chemical bond in which electros

&cunymth:hnmwdcwmnh@.u
with all s hondn.lnamnluplcbwd.
one and ane of the slectron paie

forms nugmn bond, 152-184, 1§6L
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Significant figures Meaningful Jigits lo 2 measueed
yuastity, 812, 21a-21h
Silicase latmices, 235§
Sellcor, 2, 4¢, 35,234
Silican dioxude, 509
Silver, 1, 14, 236, 388
Silver chlonide, 1G5, 1098100 402 414 418, 252
Silver (1) oxiske, $16
Silver nitrate, 402
Silver phosphate, 199
Simple cabic cefl (SC) A uuir cedl tn which thers
are arowns st vach curner of & cube, 238,
238 235
Simple drganic compuunds, nl
Stnplest fonmula A formubs of 3 compound which
wives the simplest atunm ratin of the elements
preseny; The sumplest formula for hysdrogen
gl boud A pais R e i beeeen
i A of electznne two
hndv!:lhmm. 150
Single Profog emission computer tomography
\SPECT scuns), 471
Slag, 510
Seogg, 535-536, 559
Smoke detecron, 472, 472
Saap, $63
Sosda warer, &
Sadim, §, £
applications of, 361
and cations, 37
bt jonic compounds, 41
and mtition, J22-511
pereent shundunce, 4t
teaction with water, 34
Solium acztate, 77, 377
Sodium cathonate, 84-65, 7677, 77, 533
Sodium chloride, §, §
acil-buse titration, 374, 174
cryseal arructures, 234
and cystie Hbroals, 452
disolving precipetates, 402
eleczrolysis of, 437, 457, 507, S0%
freczing point lowering. 270t
lemtie erystals, 242
maw pereent, 250
molecular formula for, 19
wolvcular stroctue of, 39
nather acdic nor basse, 332, 137
wi. sodim hydeide, S14
sodivm setal, SOT-S0K
vapor prewsars Jowesing, 269,
“Sodiu cyanide, §12
Sodim flucride, 340
Sodium hydnde, 714, 714
Sodium hydrogen carbonate, 559
Sodivm hydsodde
scad-base rirranon, 374, 74, 376377, 177
comples formation, 401
avd elecerolysis, 457
freezang pomt lowenng, 270
Jonitation of, 136
milirity, $4
pellets, 45
precipication of sickel hydroxide, 76, 76
precipitate formation, 194
precrpisation of wonl 1) hydswads, 78
ruaction with hydeochlotic acid, 33
as o strong base, B 81y, 82
mrranion of diprotic scids, 380-381
tatration of with hydrogen chiotide, 35
utration of with vinegar, 84
Sodham jodide, 298
Sodiim jon, 196-397
Sodinm lucrare, 363364
Sodwm nitrate, 256-257
. Sodmim peroxide; 515
Salid The physical phase of mares thie has o fixed
shape and yolame, 2
m classification of matter, 7
semparisun Of solids, liygudds, snd gases,
216-217
srpveal mructures, 218241

intermulecular forces, 217
jonic solids, 232, 235

tneaes and yolune of, 17
melting polny, 228-226, 226
menallic solids, 232, 236237
fetwork covalent, 232-214

wrighig, §
Salid deurezivm oxde, 17
Salid oxide fuel cell (SOFC), 462-463
Salubifity The amount of 2 solute that can be div-
nlvdinupu‘uma-ol solvent st a speci-
fied| tem|
of akohols, 25:{"".
complex min, 38§39, 4054052
af hydrocarbane, 255, 255
of lonic compounds, 7576, 73, 256
of jonic solids, 235
metals, 236
of molecular substances, 226
uf perwork covalent solids, 2335
averview of, 1§-20
of uxygen, 257
pressure, effecy of, 257-259, 259
principles of, 255-259
solute-solvent interactions, 255-256
of sucrose, 19
tesperatuce, effect of, 256-257
of vitaming, 25§
Solubilicy chare, 75
Solubility peoduct comtant (K,,) The equilib-
rium constant for the reaction by which
a slightly soluble ionic solid dissolves in
wiater
ue 28°C 390¢
ard the common jon effrce, $93-354
andd the equilibrivm concentrations of jons,
389-3%0
expression of, J8&-389
anad ipitate formation, 395-3%
and sulfide minerale, 392
and water solubility, 390-393
Solute The solution component present in ymaller
smount than the solvent, 246
Salur=solvens inteeactions, 285-256
Salution A homogeneous mixtisre contaming a vol-
vent and one or mare solanes
in chaification of marter, 3
colligative properties of clectrolytes, 269-271
colligative properties of nonehectrolytes,
260-24%

concentratinn unit, 246-254
defimman of, §
moles +n, £4-58, T34
solubiliry, principles of, 255-25%
Solution stoichiometry, 78
Solvent A substance, usually = liquid, which is the
major component of 2 solutian, 246
» orbitaly, 138
Soreniveny, Soren, 333-334
Soybeam, 503
Space filling model, 36
Specific gravity, 282
Specific heat The of hear d 10 raise
the temperature of one gram of a substance
by 1°C, 199, 190, 191¢
Specific hear capacity, 1590
Specific ion electrode, 452
Spectator ions loos that, although pessent, takes no
parz i reactiom, 77, K2, 85, 333, 351
Spectrochemical series, §03, 503
Spectrum, 129, Sev also Atomic spectrisim
Sphygmumanomerter, 122
Splitting + Sew Crystal field sphitting energy
cous , JU8
Spontancous processes Processes thar can ocour by
themsclves without input of woek from out-
side; AC < 0 for a spontansous process at
constant T and P
udditivity of free enengy changes, 425427, 429
coupled resctions, 425427429
effecr of enthalpy and enrcopy on, 413
energy [actor, 407408

entropy, 409411
free energy (G), 413415, 414
free energy change and the equilibriom constant,
424225
inzroduction to, 406
precipitation of slver chloride, 416, 416
and Itinn, 423224
randomness factor, 405409
redox reactions, 443446
spontancous provesses, 407409
lnd standard entropy change, 413
standard humu;y change (AG*), 415419
and temperature, 420421, 420¢
und , effece
of 419—424 429b-419¢
Square planar The geometry of a species in which
tour groups are located at the corners of &
square, surrounding the central atom, 494,
494, 495

Pyramids that have 2 squure as

Stained glass, $45, 545

Stainfess stecl, 190

Snnhddlvd!qzw‘)mvoh:pufauﬂh
which all species #re in their sandard staves
(1 atm for gases, 1 M for ions in solunion),
419, 446448, 4481, 464b64c

Standard conditions, 415416

change ar 1 atm, 1M, at a spesified tem-
perature, usually 25°C, 202, 327, 416
Standard entropy change (A5*) The entropy change
at 1 atm, | M, at a specified
wually 25°C, 410411, 412, 413
Standard free encrgy duq: (AG") AG when reac-
tants and arz in their standard
mlu.ﬂ.LllG 446
calculation of at other temperatures, 418-419
and the equilibrium constant, 424425
free energies of formavion, 417-418
relation to standard cell volsage, 448¢
Standard free energy of formation (AGY)
Defined as the free energy change
per male when a compound Is formed
from the clements in their stable seates at
| atm, 417418
Standand molar entropy (5%) of 3 substance
in its standard state (per maole), 410211,
ath
Standded oxidation voltage (AE},) The voltage
awociated with an oxidation half-reaction
when all gases are at | atm and all
aqueous solutes are at 1 M. 439440,

4424

Standard potential Identical with the standard
reduction 440, 441

Standard reduction voltage (AEL) The voltage

awociated with a reduction half-reaction
when all gases are ac 1 atm and all
agueous solutions are at 1 M, 439440,
442-441

Seandard solution, 84
Standard temperature and pressure (STP)
Conditions of 0°C, 1 atm, 100
Seandard voltages, 439
caleulation of, 442441
oxidizing and reducing agenty, strength of,
440442
of redox rractions, 443446
Starch, §86-387, S57
State A condition of 4 :Lm at fbud mpcn

ture, p
188

State properties Propecties of 4 syviem whose values
are fixed when lts temperature, pressure,

and composition are specified, 188, 196,
206, 211, 409, 413414

Seeam, molecule demity, 216, 2174

Steanc and, 563

Steel production, 509-510, 509



Stenc facwor, 291, 294

Sterilization, 244

Swldtimnc nickel (1) oxide, .H’

ratios, 65, 66
Stoichiometry Relationships between amounes
{gramm, moles) of reactants and prodiscn

definition of, 51
from equations, 65-67
experimental ylcld and percent yield, 70-71
flowchart for, 7§
of gascous reactions, 105-110, 106, 1235-123¢
Hniuag reacuant uu! dwcm:nl yield, £7-70
m plest formula,

62-63

molemass relations in, T3¢-73d

percent compasinon, $E-5%

in precipitation reactions, 78-80

for redox reactions in water solutions, 91-92

simplest formula, 6062

writing and balancing chemical equations,
63-65

Storage (rechargeable) voltae cells, 4359460

acid A species that is completely tonizad to

Sulfares, 3901
Solfide ares, $11-512, £1)
Sulfides, 192, 400, 403, 404
Solfur
atomic mass, 30
hybrid ochital, 150
wans of, 39
mining of, $19, 29
a4 5 nonmetal, 34
oxoacidy of, 539
oxoanions of, 44t

propertics

Sulfur dioxide, u.n‘ 161, 223¢, 342383 534,
543544

Sulfur hexafloocide, 165, 168, 168, 150

Sulfuric acid, 46, 811, 342, 543-544, 544

Sulfurous acid, 340¢, 346t

Sulfur toxide, 536-537, 543

Sully-Frudhamme, 353

Superconductivity, £17, 517

Supercritical carbon dioxide, 243-244

Supamnul nmd, 223

Stratosphere, 302-303
Strong

H* ions in diture wnmuolnunn,lh
acid-base ntration, 374-376, 378-380, 380, 301t
and acid rain, 383
Arrhenius and, §7
and buffers, 370
definition of, 80-81
and dissolving preciprases, 399400
wnizanon of, 336
pH of, 336-138
redox reactions, #7
wrong hase, reactions with, 82, 83t
weak base, reactions with, 82, 83¢
tine, reactions with, §%

Strong base A species that is completely jonized 1o

OH" inas in dilute witer solution, 81t
acsd-base tiration, 374, 374-378, 177, 381y

pH of, 336-338
strong acid, reactions witk, 82, §3¢
weak acid, reactions with, 82, )¢

Strong §1

Strontiwn, 472

Strontiwumn- 90, 481

Strontium chromate, 288-28%, 188, 188, 394-395,
394, 423424, 421 515

Strontium hydeowide, 311, 336

Structural formula A formula showing the arrange-
ment of bonded atoms in 2 molecule, 36,
548

Structural isamens Two or more species having the
same molecular formuls bue differeat struc-
wural formulas, Examples: C:HOH and
CH;—0—CH,, 549-550

Styrene, 577t

Styrene polymer, 428

Subsatomic paricles, 251

Sublevel energice, 138-140

Sablevels Subdivisions of an energy level, designated
as an s, p, d, or f sublevel, 134-135, 135t,
137-142, 137, 139

phase to the vapor phase, without passing
thmdnhliqnﬁlphn:.w 225

Subscripts, $9, 64

Sulnuncn. 15-20. 19, 2210

Subatitution reactions Reactions in which a group
of atoms or melecule s seplaced by a diffes
< stem of group, 573

Successive approximanions A techitique used to
solve quadraric or higher.onder equations,
A fire, sppronamase answer is refined
obtamn 3 moee scarly cxacy wlution, 145

Sucrslose, S8ée

Sacrose, 18-20, SE5-58s, $8ee

Suffixes, 4441

Sugar, 2. Ser slhe Socome

ide A d containing the O; lon,
314, 515

Superphosphate of lime, 545

S-pumd solution A salusion containing more
sotute than allowed ar equilibrism; unseable
10 addivon of solute, 19, 20

Surface tension, 217, 217

Surpass, 931

Surroundings Everything outside the svstem being
studied, 158

Symbal A one- ar two-letter abbrevianion for the
name of an dement, 2

Synthesis gas, 559

Synthetic addivion polymers, 577-580, 597-597a

Synthetic condensation polym:. no-su 597a

Syphilis, 20

INDEx 6B7

Tetraamminecopper(ll) chloride, 493
Terraamminezine(ll) ion, 494
Tetraaguacopper(ll), 492
Tetraaquazine(ll) ion, 3404
Tetrachlorocuprate(1l), 453
Terravehyllead, 553
Tetrafluoroethylens, $77¢
Tetrahedron A figure of four triangulac faces with
cight edges and four vernces, 168, 494,
494, 535
Tetrahydroxozimecare! (1), 492
Theoretical yield The amount of product obtained
from the complete conversion of the limit.
ing reactant, 6770
Thermal o:ad-nhily The ability to conducs heat,
23
Thermite reaction, 204, 204
Thermochemical equation A chemical equation in
which the value of AH is specified, 196-
202, mb-llk
Thermochemistry
bond mtlulpy. 207-209
definition of, 187
enthalpies of formaton, 202-207, 215¢-215d
enthalpy, 195196
fizst law of thermodynamics, 209-213, 2154
Hews's law, 200
introduction to, 187
measucement of heat flow, 192195,
215a-215b
principles of heat flow, 188-191, 215-218x
rules of, 198-202, 200
thermuochemical equations, 196-202, 215b-215¢
Thermodynamics The study of heat and work
effects in physical and chemical changes,
406, 415, 546b-346c
Thermodynamics, first law of, 209-213, 2154
Thermodynamics, second law of, 413
Tbmmdmm. third law of, 410

System The sample of matter under obser
188, 188

T
T. Ser Temperature
Tachenius, Otto, 331
Talc, 234
Tantalum, 45
Tantalus (god), 49
Tartaric acid, 357¢
Taylor, Zachary, 20
Teflon, $77¢, $90, S30
Telhus (god), 49
Temperature (T)
and activation energy, 294
and average rramlations! kineus energy, 1135
and entropy, 409-410, 409
and enzymes, 298
equilibrivm mixture, 306
equilibrium system, effect on, 326-328, 326
and gases, 96
in gas faw calewlations, 100-103, 104-105
and Haher process, 329
and beat flow, 189
in idcal gas law, 98
and molecular speed, 119120
and reacstion rate, 293-296, 293, 308e-308f
reaction spontancity, effect on, 420421,
4296-425¢
and real gases, 121
solubility, effect on, 256-257,
and spontaneots reactions, 420421, 420¢

units of, 8.9
219-221,220
T

¥h. vapor
COIPOCATY 227

Tennessee Valley Authority, 481

Terephthalic acid, 581

Terminal atoms, 164

Termolecular, 299

Terza (god), 44

Tertiary structure A three-dunensional conforma-
tion of a protein showing the falding of the
secandary structire, $94-595

dymamics und the Free Energy of Chemical
Substances (LewisTandall), 165

Thermometers, §-9

The Thinker (Rodin), S04, S04

Third law of thermodynarmics A natural law
that states that the entropy of 2 perfocrly
oedered, pure crystalling solid is 0 2: 0 K,
410

Third quantem number (my), 135

Thomru' hompson, J",Iln.‘ﬁl 23,24,25
n's , 2%

Thomsen, Julius, 407

Thoreau, Henry David, 74

Thorium, 142, 473

Theee Mike Iiland accident, 452

Threonine, S89¢

Time, 276, 277, 283-28%_ 305bh- 105

Tincture of lodine, 528

Tieanic, 5

Tizanium, 4t

Titans (gods), 48

Turation A procem in which one reagens w added
to another with which lt reacty; an Indica-
tor is used 1o derermine the point ar which
cquivalent quantities of the two reagenty
have been added, 84-85, 84, 85

Titeation curve, 387

Toluene, 414, 557

Tomb of the Unknown Soldier, 596

Top Care, 951

Torr, 37

Torricelli, Evangelista, 96

Toxic clements, 35, 15

Trans womer A gromernc isomer in which two
identical groups are as far apart as possible
(e, u\ b), 495497, 494, 497,

(‘.
N\
b A
567-569
Tranuton metal cations, 56-57, 56, 146148, 455,
495499, $23:
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Transition metaly Metals in the central groups

(3-12) of the dth, Sth, and 6th periods of
the periodic table, 33, 42, 141

acids, reactions with, 517-519

and color, 147

and complex jons, 385, 488

equilibeiz with different cations, $19-521

and names of compoands. 44

and nutrition, $23

oxidation, ease of, $17t

oxoanions of, 521-522

Oxygen, resction with, 516-517

and the

able, 507
reactions with 516-517. $16e
reduction, ease of, $20r
Transition-stare model, 291-292. 291¢

Trichloroaceric acid, 563

Trglycerides, 574

Trigonal bipyramid A :nlhl with five vcm:u.
may be regarded as two pyramids fused
through a base that is un equilateral tri-
angle, 168

Togonal planar The geomesry of an AX, mol-
ccule where A is at the center of the
equilateral triangle formed by three X
atoms, 167

Trigonal pyramid The geometry of an AXE mol-
ecule in which atom A lies directly above
the center of an equilateral miangle formed

thm X atoms, 169

Trimethy 230
Triple boud Three ol pairs shared b
two bonded atoms, 158
Triple point The and p at which

the salid, liquid, and vapar phuc of 2 nub-
stance can coexist in equilibrium, 224, 22§
Triprotic acids, 346
Tristethyl diamineich m""'. 492
Tm(nhy d Jiran (1) phosp 493
Teopasphere, 302

Tungsten, 136
2-methylpropane, $49, $49, 550-551
Tyrotine, §89¢

v

UAV‘ (l 1 4 Jeleld (1 “l

Ultraviolet (UV) radiation Light with a wavelength
less than 400 nm but greater than 10 am,
126-127, 302-303

Uniform mi Ses H

Unimolecular, 299

Unit cell The smallest unir of a crysral that,
ed again and again, generates the wha I
crystal, 23§-239

Units, conversion of, 12-14, 21b-21¢

" Units of measurement, 8-9

Unmanned autonomous vehicles (UAVa), 461

Unpaired electrons, 144, 164

Unreacrive gases. See Noble gases

U § hydrocarbons, 553-556

Unsaturated solution A solution that containg less
solute than the equilibelum (sarurated)
value, 19

Unshared electron pair A pair of electrons that
“helongs™ to & single atom and Is not
involved in bonding. Also called a fone pair,
157,171,172, 173

Unstable isutopes, 467

Uranimm, 26, 27, 118-119, 142, 287, 473

Uramum-235, 480482, 482

Uranium-234, 467, 440, 485

Urzmium dioxide, 481

Uranium hexafluoride, 1158119, 480481

Usznas (god), 48, 49

Be mixtares

v
V. Ser Volume
Valence and the Structure of Atows and Molecules
(Lewis), 165
Valencz bond model Model of the electronic struc-
ture of molecules in which clectrons are
assigned ro othitaly, pure or hybridized, of
individual atoma, 178, 498
Valence el El in the princ-
pal energy level. For & main-group element,
the number electrons i given
by the Last digit of the group number, 156,
157, 162~163, 498
Valine, S89t
Vanadium oxide, 543
Vanilla beans, 562
Vanillin; 562
Van't Hofl, Jacobus, 47, 327
Van't Hoff equation, 327
Van't Holf factor, 269
Vapor, 217
Vaporzation (AH,), 199
Vapor pressure The pressure exerred by a vapoe
when it is in equilibrivm with a liquid,
111-112, 218-222_ 21§, 220, 221, 225,
260-261
Vaper pressure lowering, 250261, 262-263, 262,
169
Vinegar, 84, 140, 563
Vinyl chloride, $77¢, §79-380
Vitamin B-12, 241
Vitamin C, 62-63
Vieamins, 255, 266
Volt (V) A unit of electric potenual: 1V = 1 J/C,
440, 453
Voltage, 448452, 464c—464d
Voltaic (galvanic) cell A device i which a sponts-
nestn reaction produces electrical energy,
430, 435439 464,
Valume (V)
equilibrium mixure, 306
and g, 96, 211-212
i gas law calculations, 100-101
in ideal gas law, 58-99, 98, 99
and propernies of substances, 16
relatons between length and mass umin, 13¢
uncertaintics in meawurement of, 10, 12
units of, B, &
and vapor pressure, 218
Volume ratio, 108-109
Von Hofer, Ludwig, 45
VSEPR model Valence Shell Electrun Fair Repulnon
model, used to predict molecular geometry;
states that electron pairs around 3 central
azom fend 1o be as far apart 23 posuble,
156, 166-167, 167, 169-171, 173, 180,
494, S48
Vulcanized, 427

w
w, See Work
Water, 4
alkali and alkaline earth metals, reactions with,
514
amphiprotic nature of, 333
as a bisary compound, 45
boiling and freexing curves, 262
boiling point, 221-331 22% 230
bond enthalpy, 209
comparison of pH changes in warer and baffer
solution, 368
and desterium oxide, 27
electrolysis of, 10§
frwxileg‘ paint and boiling paint constants,
t

hybrid arbital, 180

and hydrochloric acid, 46

and ionic compounds, 75-76, 7
tonization of, 333

won product canstant of, 333

in Lewis acid-base model, 355-356
as Hquad, 223¢

molecular formula for, 36
gacenetry, 169-170, 169
nonmetal oxides, reactions with, $36-337
phase diagrams, 223-224, 224
phases of, 216-217, 217t
palarity of, 173176, 176
simplest formula for, 60
struceural formula for, 36, 36
as supercrincal finid, 223
surface tenmion, 217
vapor pressiee, 219-220
vapor pressure of, 112
Warer displacement, 111, 111
Water purification, 6061
Watcr softeners, 234
Water solubility, 390-393
Watras, Stanley, 485
Watson, James, §95
Ware (W), 453
Wave function, 133-134
Wavclength (A) A characteristic property of a wave
related 10 its color and equal to the length
of a full wave, 125127, 125, 127¢, 127
Weak acid An acid that is only partially dissociated
to H™ ions in water
acid-base titration, 374, 376-379, 377, 3811
Archenius and, §7
and buffers, 360, 164-365
carboxylic acids, 563
definition of, 80-81
equilibrium constants for, 340t
H* in a water solution of, 343-346
household preducts, 340
ionization of, 342
polyprotic acids, 346-347
urm:::ue. reactions with, 82, 3¢
and their equilibrium constants, 339-343,
359b-359%¢
Weak base A base that is enly partially dissociated
10 form OH™ jons in water
acid-base tirration, 374, 379-380, 350, 3811
Arthenius and, 87
definition of, §1
household products, 14§
OH" in a water solution of, 34%-350
strong acid, reactions with, 82, 83¢
and their equilibnum constants, 348-352, 359c-35%
Weak tes, K1
Weight, units of, 8
Welding, 556
Werner, Alfred, 498
White crysal, 60-61
Whitman, Wils, 506
WHO (World Health Organization), £46
Wilkins, Maurice, 393
Wine, fermentation of, 15t, 560
Wamen, 241, 467, 470, 473
Wood alcohol, See Methyl alcohol
Work (1) Any form of energy except heat exchanged
between system and surroundings; includes
ion work and clectrical work,
209-210, 210¢, 211
Wark effecs, 211
Waoeld Health Organszation (WHO), 546
World War I, 450

x
X. See Mole fraction
tein, $43
Xenon, 184-155
Xenon difluoride, 184
Xenon hexafluoride, 154
Xenon tetrafluoride, 165, 171, 171
Xenon trioxide, 154
Xoray diffraction, 241, 242

Y

Yellow arsenic, 545

Yonath, Ada, 241

Yetrium, 39

Yurium oxide, 141

Yucca Mountain, Nevada, 482483



z
Z. Ser Atomic number
Zegenid, 93
Zeolites, 234
Zero-order reaction A reaction whose rate is
independent of seactant concentration,
287-289, 28R, J05d-303¢
Zinc
cations, 352
tlectron configuranon, 13%

and equilibrium, 315

isatopes, 481

in Lewis acid-base model, 356
and nutrition, §23

axidation of, 91

percent abundance, 4r

reaction with a strong acid, 422
redox reactions, 87, 87

strong acid, reactions with, 49
and sulfide ores, 511

iNoex 689

Zinc-copper(ll) voleaic cell, 435-437, 435, 417, 439

Zine-hydrogenon voltaic cell, 43%

Zinc hydroxide, 399, 401, 492

Zincill) cation, 488

Zinc-manganese dry cell, 458, 454

Zinc salis, 339

Zwitterion Form of an amno asd in which there s 2
separation of changs berween the nitrogen arom
of the NH; group | +) and one of the oxygen
atom of the COOH group (-1, $90-591



