
compounds and, 86–87
Dalton’s model, 85–86
discovery of ions, 88
early thoughts on, 85
electric charges, 97–98
electromagnetic radiation,

204–205
electron energy levels, 207–210
electron structures, 214–218
isotopes of elements, 94–95
nuclear atom, 91–94
subatomic particles, 88–91

Atoms
Lewis structures of, 228–229
nuclear model of, 93
oxidation numbers of, 438

Avogadro, Amedeo, 285
Avogadro’s law, 285–286
Avogadro’s number, 129, 177

B
Balanced equations, 152–156, 178
Barium chloride dihydrate, 320
Barometers, 268–269
Bases

acid reactions with, 378
amphoteric hydroxides and, 378
definitions of, 377
electrolytes and, 380–386
neutralization and, 389–392
pH and, 387–388
properties of, 374–376
reactions of NaOH and KOH with

metals, 378
reactions with, 378
salts and, 379, 426

Basic anhydrides, 325
Battery cells, 455–457
Becquerel, Antoine Henri, 91
Binary acids, 115
Binary compounds

acids derived from, 115
containing metal forming two or

more cations, 112–114
containing two nonmetals, 114–115
flow chart of, 116
naming of, 111–112

Biochemistry
characteristics of, 542

Bohr, Niels, 206–207
Bohr atom, 206–207
Boiling point

elevation constants, 355–357
of liquids, 312–314

Bond angle, 324
Bond length, 323
Bond type, electronegativity and, 243
Boyle, Robert, 271
Boyle’s law, 271–275

I-1

INDEX

A
Absolute zero, 275
Acetic acid, 66
Acid anhydrides, 326
Acid ionization constant 

420–421
Acid rain, 395–396
Acid-type dry cell batteries, 455
Acids

definitions of, 377
electrolytes and, 380–386
neutralization and, 389–392
pH and, 387–388
properties of, 374–376
reaction with carbonates, 378
reactions with bases, 378
reactions with metal oxides, 378
reactions with metals, 377
salts and, 379, 426

Actinide series, 217
Activated charcoal, 398
Activation energy, 166, 416
Activity series of metals, 450–451
Actual yield, reaction, 190
Addition in calculations, 21–22
Adsorption, colloid, 398
Aeration, in water purification, 327
Agitation, rate of dissolving solids

and, 344–345
Air pollution, 296–298
Alkali metals, 53, 215, 237
Alkaline earth metals, 53, 215
Alkaline-type dry cell batteries, 455
Allotropes, 296
Amorphous solids, 6
Amphoteric hydroxides, 378
Anhydrides, 325–326
Anions, 57, 108, 111
Anodes, 452
Antarctica Toms ozone hole, 297
Arrhenius, Svante, 88, 374–375, 377,

381
Artificial sweeteners, 317
Aspartame, 317
Atmospheric pressure, 268
Atomic clocks, 210
Atomic mass, 95–97
Atomic numbers, 93
Atomic properties

atomic radius, 225–227
ionization energy, 227–228
metals and nonmetals, 225
periodic trends in, 225–227

Atomic radius, 225–227, 233
Atomic structures, first 18 elements,

210–213
Atomic theory

atomic mass, 95–97
Bohr atom, 206–207

1Ka2,

Bronsted, J.N., 375
Bronsted-Lowry proton transfer

theory, 375, 377, 386
Brown, Robert, 397–398
Brownian movement, 398
Buckyballs, 243
Buffer solutions, 426–429

C
Calcium precipitation, in water

softening, 327
Calculations, significant figures in,

20–22
Calories, 72
Capillary action, of liquids, 312
Carbon dioxide

global warming and, 168–169
oxygen exchange in cells and, 427
poisoning, 157

Carbonates, acid reactions with, 378
Catalysts, effect on equilibrium,

415–416
Cathodes, 452
Cations, 57, 107
Celsius scale, 34–35
Chadwick, James, 91
Charcoal, activated, 398
Charles, J.A.C., 275
Charles’ law, 275–278
Chemical changes

characteristics of, 68–70
of common processes, 71
energy in, 74–75

Chemical equations
balanced, 178
combination reactions, 159
decomposition reactions, 159–160
double-displacement reactions,

161–165
examples of, 69
information in, 156–159
nature of, 151–152
single-displacement reactions,

160–161
types of, 159–165
writing and balancing, 152–156

Chemical equilibrium
acid-base properties of salt, 426
buffer solutions, 426–429
catalysts effect on, 415–416
characteristics of, 408–409
concentration effect on, 410–412
equilibrium constants, 416–418
ion product constant for water,

418–420
ionization constants, 420–422
La Châtelier’s Principle, 410
reaction rates, 407–408
reversible reactions, 406
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solubility product constant,
423–425

temperature effect on, 414–415
volume effect on, 413–414

Chemical formulas, 59–60
Chemical kinetics, 407–408
Chemist, thinking like, 3–4
Chemistry

nature of, 2
purpose of studying, 2

Chloride ions, 381–382
Chlorine

oxy-anions and oxy-acids of, 117
physical properties of, 66

Colligative properties
of electrolyte solutions, 385–386
of solutions, 355–359

Colloids
adsorption and, 398
Brownian movement and, 398
characteristics of, 396–397
dialysis and, 399
dispersion of, 396
properties of, 397–398
property applications, 398–399
Tyndall effect and, 398

Combination reactions, 159
Combined gas laws, 280–283
Common ions, 425, 438
Common names, 104–105
Compounds, 56–58

classification of, 57
composition of, 86–87
containing polyatomic ions,

249–250
ionic, 57
Lewis structures of, 244–247
molar mass of, 132–135
molecular, 57
percent composition of, 

136–138
Concentrated solutions, 346
Concentration

effect on equilibrium, 410–412
of solutions, 340, 346–355

Condensation, 309
Cottrell, Frederick, 398
Cottrell process, 398–399
Covalent bonds, 238–239, 438–439
Crookes, Sir William, 89
Crookes tube, 89
Crystals, surface area of, 344
Cubic meters, 31

D
Dalton’s law of partial pressures,

283–285
Dalton’s model of atoms, 85–86
Davy, Humphrey, 320
De Broglie, Louis, 207
Decomposition reactions, 159–160
Demineralization, 328, 409
Density, 37–40

of gases, 38, 288–289
of liquids and solids, 38
specific gravity and, 39

F
Fahrenheit scale, 34–35
Families, in periodic table, 215
Faraday, Michael, 88
Flocculation, in water purification,

326
Foam cars, 397
Formulas

empirical (See Empirical formulas)
equations, 392
molecular (See Molecular

formulas)
percent composition from,

136–138
units, 132

Frankel, Gerald, 389
Freezing point

depression constant, 355–357
of liquids, 314

Frequency, wave, 204

G
Galvanic cells, 454–457
Gas hydrate ice, 320
Gases, 6–8

air pollution and, 296–298
Avogadro’s law, 285–286
Boyle’s law, 271–275
Charles’ law, 275–278
combined gas laws, 280–283
common materials in, 8
Dalton’s law of partial pressures,

283–285
density of, 38, 288–289
diffusion of, 267
effusion of, 267
gas stoichiometry, 292–298
Gay-Lussac’s law, 279–280
general properties of, 266
Graham’s law of effusion, 268
ideal gas, 266, 290–291
kinetic-molecular theory, 

266–268
mass-volume calculations,

292–293
measurement of pressure, 268–270
mole-mass-volume relationships,

287–288
mole-volume calculations,

292–293
number of molecules present,

270–271
physical properties of, 8
real gases, 295–296
temperature and, 271
volume-volume calculations,

294–295
Gay-Lussac, J.L., 279
Gay-Lussac’s law, 279–280
Global warming, 168–170, 297
Goldstein, Eugen, 90
Graham, Thomas, 399
Graham’s law of effusion, 268
Greenhouse effect, 168–170
Ground state, 206
Groups, in periodic table, 215

Dialysis, 399
Dialyzing membranes, 399
Diatomic molecules, 55–56, 107
Diffusion, 267
Dilute solutions, 346
Dilution problems, 353
Dipoles, 240
Disinfection, in water purification,

327
Dissociation, of electrolytes, 

381–382
Distallation, in water softening, 327
Division, 20–21
Dry air, 268
Dry cell batteries, 455

E
Effusion, 267
Electric charges, 97–98
Electrolysis, 69, 452–454
Electrolytes, 380–381

colligative properties of, 
385–386

dissociation of, 381–382
ionization of, 382–383
strong and weak, 383–385

Electrolytic cells, 452–454
Electromagnetic radiation, 204–205
Electromagnetic spectrum, 205
Electronegativity, 240–243
Electrons

arrangement in noble gases, 230
arrangement of pairs, 254
characteristics of, 90
configurations of, 211, 213
covalent bonds, 238–239
electrical charge of, 91
relative mass of, 91
structures, 214–218
valence, 213

Elements, 105–109
as diatomic molecules, 55–56
distribution of, 49–50
names of, 51
in natural states, 54–55
nature of, 48–49
symbols of, 51–52

Empirical formulas, 139–144
Endothermic reactions, 165–167
Energy, 71–72

in chemical changes, 74–75
conservation of, 75–76
kinetic energy, 71
levels in electrons, 207–210
potential energy, 71

Enzymes, 416
Equations. See Chemical equations
Equilibrium. See Chemical

equilibrium
Equilibrium constants, 416–418
Equilibrium systems, water, 323
Ethyl alcohol, 311, 313
Ethyl chloride, 313
Ethyl ether, 311, 313
Evaporation, 309
Exothermic reactions, 165–167, 416
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H
Haber, Fritz, 413
Halogens, 53, 160, 215
Hard water, 327
Heat

in chemical reactions, 165–167
of fusion, 315
measurement of, 33, 72–74
of reactions, 165
of vaporization, 315

Heating curve, 315
Heterogeneous matter, 9
Heterogeneous mixtures, 10
Homogeneous matter, 9
Homogenous mixtures, 10
Hybrid cars, 58
Hydrates, 319–321
Hydrocarbons, 166
Hydrochloric acid solution, 452
Hydrogen

bonds, 316–319
compounds, 316
fuel cells, 58
isotopes, 94
line spectrum of, 206
molecular formation of, 238
orbital for, 207

Hydronium ion, 375
Hypotheses, 5
Hypotonic solutions, 360

I
Ice cream, 359
Ideal gas, 266, 290–291
Immiscible liquids, 339
Infectious agents, in water, 329
Inner transition elements, 217
Inorganic compounds

common and systematic names,
104–105

elements and ions, 105–109
International Union of Pure and

Applied Chemistry (IUPAC),
105, 504–507

Intermolecular bonds, 318
Ion exchange, in water softening, 

327
Ion product constant for water (Kw),

418–420
Ionic bonds, 230–236
Ionic compounds

acids, 118–119
naming binary compounds, 112
naming polyatomic ions

compounds, 116–119
predicting formulas of, 236–237
writing formulas and, 109–111

Ionic equations, writing, 392–394
Ionization

of electrolytes, 381–382
of water, 386

Ionization constants, 420–422
Ionization energy, 227––228
Ions, 105–109

definition of, 57
discovery of, 88

Mass-mass calculations, 184–185
Mass-volume calculations, 292–293
Mass/volume percent (m/v), 348
Matter

classification of, 8–10
particulate nature of, 6
physical states of, 6–8
three states of, 308

Measurements, 15
mass and volume, 29–32
scientific notation and, 15–16
standard units in metric system, 25
temperature, 33–37
uncertainty and, 16–18

Melting point, 314
Meniscus curve, 312
Messenger molecules, 284
Metal oxides, 378
Metalloids, 54
Metals

acids reactions with, 378
activity series for, 450–451
atomic radii of, 233
in periodic table, 53
periodic trends in, 225–226
reaction of water with, 324–326
reactions with NaOH and KOH,

378
Meters (m), 24
Methane

global warming and, 168–169
Metric system (SI), 23–24

common prefixes and numerical
values, 23

length measurement, 24
standard units of measurement, 25
units of mass, 30

Miscible liquids, 339
Mixtures

distinguishing from pure
substances, 10

nature of, 9–10
Molar mass

of compounds, 132–135
defined, 130

Molar volume, 287–288
Molarity, of solutions, 348–352, 357
Mole-mass calculations, 182–184
Mole-mole calculations, 180–182
Mole ratio, 178
Mole-volume calculations, 292–293
Molecules

electron pair arrangement and,
254

messenger, 284
molecular formulas, 139–140,

143–144
molecular shape, 250–251
pressure exertion by gas and,

270–271
relationship with moles, 177
spherical, 243

Moles, 128–130, 177
Multiplication in equations, 20–21
Municipal water treatment plant, 

327

oxidation numbers for, 438
spectator, 390

Isotonic solutions, 360
Isotopes, 94–95
Isotopic notation, 94

J
Joules, 72

K
Kelvin scale, 34–35
Kevlar, 255
Kilograms, 30, 33
Kinetic energy, 71
Kinetic-molecular theory, 266–268
Kroto, Harold, 243

L
Lanthanide series, 217
Law of conservation of energy, 76
Law of conservation of mass, 70
Law of definite composition, 86
Law of multiple proportions, 87
Laws, 87
Le Châtelier’s Principle, 410, 415
LeChâtelier, Henri, 410
Lewis, Gilbert N., 229, 376
Lewis structures

of atoms, 228–229
complex, 247–249

Lewis theory, 376, 377
Limiting reactants, 186–189
Line spectrum, 206
Linear structures, molecule, 251
Liquid crystal molecules, 255
Liquids, 6–8. See also Water

boiling point of, 312–314
changes of state, 314–316
characteristics of, 308
common materials in, 8
condensation of, 309
density of, 38
evaporation of, 309
freezing point of, 314
hydrates, 319–321
hydrogen bonds and, 316–319
melting point and, 314
physical properties of, 8
sublimation of, 309
surface tension, 311–312
vapor pressure, 309–311
vaporization of, 309

Liters, 31
Lowry, T.M., 375

M
Macroscopic picture, 3
Magnesium precipitation, in water

softening, 327
Mass

conservation of, 70
mass number, 94
measurement of, 29–30
metric units of, 30
percent solution, 346
spectrometers, 95–96
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N
National Aeronautics and Space

Administration (NASA), 29
Natural law, 86
Natural states, elements in, 54–55
Negative ions, 90
Net ionic equations, 392
Neurotransmitters, 284
Neutralization, 389–390
Neutrons, 91
Nitrogen fixation, 413–414
Noble gases, 53, 55, 215, 230
Noble metals, 55
Nonelectrolytes, 380–381
Nonmetals

atomic radii of, 233
in periodic table, 53–54
periodic trends in, 225–226
reaction of water with, 324–326

Nonpolar compounds, 241
Nonpolar covalent bonds, 240
Nonvolatile substances, 356
Normal boiling point, 313
Nuclear atom, 91–94

atomic numbers of elements, 93
subatomic particle arrangement,

92–93
Nuclear power plants, 283–284
Nucleus, 93
Numerical values, in metric system, 

23

O
1 Atmosphere (atm), 269
Orbital diagrams of elements 11-18,

213
Orbital filling, 213, 215–216
Orbitals, 207–209
Organic chemicals, in water, 329
Osmosis, 360–362
Osmotic pressure, 361–362
Oxidation number, 438–441

of atom, 438
for common ions, 438
in covalently bonded substances,

438–439
rules for assigning, 439

Oxidation-reduction reactions
balancing equations, 442–446
balancing ionic redox equations,

446–449
characteristics of, 441–442
electrolysis and, 452–454
oxidizing agents and, 442
photochromic glasses and, 447
reducing agents and, 442
voltaic cells and, 454–457

Oxidation states, 439
Oxy-acids, 117, 119
Oxy-anions, 117
Oxygen

carbon dioxide exchange in cells
and, 427

demanding wastes, 329
as electronegative element,

323–324

Principal energy levels, 207
Problem solving, 4–5, 24–27
Protons, 90–91
Pure substances, 8
Purification, water, 326–329

Q
Quantas, 206
Quantum mechanics, 207

R
Rabner, Michael, 4
Radiation. See also Nuclear chemistry;

Radioactivity
electromagnetic, 204–205

Radioactive substances in water, 329
Radioactivity. See also Nuclear

chemistry; Radiation
Reactants, 70, 151
Reaction rates, 407–408
Real gases, 295–296
Red blood cells, 360
Redox. See Oxidation-reduction
Representative elements, 53, 215,

216
Resonance structure, 248
Reversible chemical reactions, 406
Rounding off numbers, 19–20
Rutherford, Ernest, 91–93

S
Salts

acid-base properties of, 426
characteristics of, 379

Sand filtration, in water purification,
326

Saturated hydrocarbons
Saturated solutions, 342
Schlatter, James, 317
Schrödinger, Erwin, 207
Scientific laws, 5
Scientific method, 5–6
Scientific notation, 15–16
Screening, in water purification, 

326
Sedimentation, in water purification,

326
Sediments from land erosion, 329
Semipermeable membrane, 360
Significant figures, 18–22

addition or subtraction, 21–22
in calculations, 20–22
multiplication or division, 20–21
rounding off numbers, 19–20
rules for counting, 18–19

Silicon, 338
Single-displacement reactions,

160–161
Sodium chloride

decomposition of, 58
dissolution of, 340

Sodium hydroxide, 378
Sodium ions, 381–382
Solids

characteristics of, 6
common materials in, 8

P
Paraffins. See Alkanes
Partial pressures, 283–285
Particle size, rate of dissolving solids

and, 344
Parts per million (PPM), 346
Pauli exclusion principle, 208
Pauling, Linus, 240
Percent composition

of compounds, 136–138
from experimental data, 138

Percent yield, reaction, 190
Periodic table, 214–218

groups, 215
groups in, 52–53
inner transition elements, 217
ionic charges in, 108
metalloids in, 54
metals in, 53
nonmetals in, 53–54
orbital filling and, 215–216
outermost configurations, 218
representative elements, 215
rows in, 214
transition elements, 215

pH, 386–388
buffer solutions and, 426–429
of common elements, 388
definition of, 387
HCl and NaOH and, 429
importance of, 389
logarithms and, 387
meters, 389
scale for expressing acidity, 388
scale of acidity and basicity, 387

Phenolphthalein paint, 389
Photons, 205
Physical changes, 67–68, 71
Physical properties

definition of, 66
of water, 316, 322–323

Physiological saline solution, 360
Planck, Max, 206
Plant nutrients, in water, 329
Plaster of Paris, 321
Polar covalent bonds, 239
Polar covalent compounds, 241
Pollutants, water, 329
Polyatomic compounds, 119
Polyatomic ions

charges of, 117
compounds containing, 249–250
formulas of, 117
naming compounds containing,

116–119
Polyatomic molecules, 107
Positive ions, 90
Potassium hydroxide, reaction with

metals, 378
Potential energy, 71
Prefixes, in metric system, 23
Pressure, effect on solubility, 342
Pressure of gases

measurement of, 268–270
number of molecules present and,

270–271
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density of, 38
physical properties of, 8
rate of dissolving, 344–345

Solubility
of alkali metal halides in water,

341
factors related to, 340–343
nature of, 338–339
pressure effect on, 342
saturated solutions, 342
solute and solvent and, 340
supersaturated solutions, 343
temperature effect on, 340–342
unsaturated solutions, 342–343
of various compounds in water,

341
Solubility product constant 

423–425
Solutions. See also Solubility

colligative properties of, 355–359
common types of, 337
concentration of, 339, 346–355
concentration units for, 353
dilute solutions, 346
dilution problems, 353–355
general properties of, 337–338
mass percent solutions, 346–347
mass/volume percent, 348
molarity, 348–352
osmosis, 360–361
osmotic pressure, 361–362
rate of dissolving solids, 344–345
reaction mediums, 345–346
solubility, 338–343
volume percent, 348

Solvents, 337
Specific gravity, 39
Specific heat, 72–73
Spectator ions, 390
Speed, wave, 204
Spherical molecules, 243
Spin, electron, 208
Standard temperature and pressure

(STP), 280
Stirring, rate of dissolving solids and,

344–345
Stock system, 112
Stoichiometry

introduction to, 178–179

1Ksp2,

Solids (cont.) V
Valence electrons, 213, 215–217
Valence shell electron pair repulsion

model (VSEPR), 251–254
Vapor pressure, 309–311, 314, 356
Vaporization, 309
Volatile substances, 311
Voltaic cells, 454–457
Volume, 31

effect on equilibrium, 413–414
measurement of, 31–32
percent, 348

Volume-volume calculations, 294–295
Volumetric flasks, 349

W
Water. See also Liquids

of crystallization, 319
decomposition of, 57–58
diagram of, 323
equilibrium systems, 323
formation of, 324
hard water, 327
of hydration, 319
ion product constant for, 418–420
ionization of, 386
maximum density of, 322
molecular structure of, 323–324
molecules in hydrates, 320–321
physical properties of, 66, 313,

316, 322–323
pollutants of, 329
purification of, 326–329
reactions of metals with, 324–326
reactions of nonmetals with,

324–326
vapor pressure of, 311

Wave mechanics, 207
Wavelength, 204
Weak electrolytes, 383–385
Weight, measurement of, 29

Y
Yield calculations, 190–191

Z
Zeolite, 327
Zhang, Jim, 389
Zinc-copper voltaic cell, 454
Zinc-mercury cells, 455

mass-mass calculations, 184–185
mole-mass calculations, 182–184
mole-mole calculations, 180–182

Stoney, G.J., 88
Storage battery cells, 456
Strong electrolytes, 383–385
Subatomic particles, 88–91
Sublevels, energy, 207–208
Sublimation, 309
Subscripts, in chemical formulas, 59
Substances

characteristics of, 8
distinguishing from mixtures, 10
properties of, 66–67

Subtraction in equations, 21–22
Sugar, physical properties of, 66
Supersaturated solutions, 343
Surface tension, liquids, 311
Sveda, Michael, 317
Systematic names, 104–105

T
Temperature

effect on equilibrium, 414–415
effect on solubility, 340–342
measurement of, 17, 33–37
pressure of gas and, 271
rate of dissolving solids and, 344

Tetrahedral structures
of molecules, 252–253

Theoretical yield, reaction, 190
Theories, 5
Thomson, J.J., 88, 89
Thomson model of the atom, 90
Titration, 390, 394
Torricelli, E., 269
Total ionic equations, 392
Trans fats, 242
Transition elements, 53, 215, 216
Transition metals, 108
Trigonal planar shape, 251
Trigonal planar structures, molecule,

251
turated hydrocarbons. See Alkanes
Tyndall effect, 398

U
Ultraviolet light, 205
Un-ionized substances, 356
Unsaturated solutions, 342–343
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