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A

abbreviationlns
element symbols, 43-44, 48
metric prefixes, 20
for metric units of measurement, 20, 21, 22
for units of heat energy, 30
Absolute scale. See Kelvin temperature scale
absolute zero, 300
acids and bases. See also neutralization reactions
acids defined, 98, 393, 394, 395, 411
Arrhenius concept of, 394, 411
bases defined, 98, 99, 393, 394, 395, 412
binary acids, 98
Bronsted-Lowry concept of, 395-397, 412
common acids and bases, 99, 393
conjugate acid-base pairs, 396-397, 413
hydrolysis with bases, 400
hydronium ions and acids, 394-395
monohydroxy versus dihydroxy bases, 400
monoprotic versus diprotic acids, 400
oxyacids, 98-99, 417
solutions as electrolytes, 394
strong versus weak acids, 399-400, 411
strong versus weak bases, 400-401, 412
activation energy, 411
actual yield of reactions, 209
addition, significant figures in, 16-17
alkali metals (Group 1A)
cations formed by, 261
defined, 46, 411
ion charges, 89
ions of, 74
pseudo-noble gas cores, 241
in s-block of periodic table, 240
valence electrons, 240, 241
alkaline earth metals (Group IIA)
cations formed by, 261
defined, 46, 411
ion charges, 89
ions of, 74
in s-block of periodic table, 240
valence electrons, 240
amorphous solids, 349
amount of substance, 19. See also moles
amu. See atomic mass units
anions. See also ions
defined, 49, 75, 411
displayed in periodic table, 85-86
formed by nonmetals, 261
in formulas for binary ionic compounds, 86
in Group VIIA nonmetals, 75
ionic radii, 247-248
in Lewis structures, 275
monatomic, 75, 85, 89
naming, 75, 89
oxyions, 93
polyatomic, 93
aqueous solution (aq), 98, 411

Arrhenius, Svante (chemist), 394
Arrhenius concept of acids and bases, 394, 411
atmosphere (atm), 296-297, 411
atomic mass
atomic weights replaced by, 70
carbon-12 isotope as standard for, 70, 111
defined, 411
of forty most important elements (in amu), 109-110
mass number versus, 71
molar mass and, 111
molecular mass and, 116, 118
in periodic table, 71
of top forty elements, 109-110
weighted-average for, 70-71
atomic mass units (amu)
atomic weights and, 70
carbon-12 isotope as standard for, 70, 111
defined, 64, 70, 411
dropped from periodic table, 71
of fundamental subatomic particles, 64
usage in this text, 109
weighted-average atomic mass calculation, 71
atomic number
chemical properties and, 66
defined, 65, 221, 411
display with element symbol, 65
isotopes and, 68
in periodic table, 44, 65
atomic orbitals. See orbitals
atomic radii of atoms, 246-248
atomic weights, 70. See also atomic mass; molar mass
atoms. See also electrons; neutrons; protons
atomic radii, 246-248
in balanced equations, 160
Bohr model of hydrogen, 224-226
chemical properties and, 63
counting, 114-116, 124
Dalton’s theory of, 63
defined, 48, 63
electronegativity of, 271-273, 331-333
free elements versus, 48
fundamental subatomic particles, 64
ionic radii, 247-248
ionization energy of, 248
ions versus, 75
isotopes, 68-70
kinetic-molecular theory (KMT) of gases, 319-320
mass number, 65
nuclear, 64-65
properties and the periodic table, 246-248
quantum mechanical model, 226
as structural units of elements and compounds, 52
word equations versus formula equations and, 157
Aufbau principle, 234, 411
autoionization of water, 411
Avogadro, Amadeo (scientist), 110, 302
Avogadro’s law, 297, 302-304, 411. See also ideal
gas law
Avogadro’s number, 110, 116, 411. See also moles
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balanced equations
balancing chemical equations, 160-164
defined, 160, 412
interpreting information in, 191-192
Law of Conservation of Mass and, 160, 192
limiting reactant determination, 204-207
mass-to-mass conversions, 201-204
mass-to-mole and mole-to-mass conversions,
197-200
mole and, 177
mole-to-mole conversions, 193-197
solution stoichiometry, 370-373
volumes of gases in, 316-317
barometer, 296
base units of the metric system, 19
bases. See acids and bases; neutralization reactions
binary acids, 98
binary compounds
defined, 412
ionic, 85-92
molecular, 52-54
naming, 52-54, 88-91
binary ionic compounds
defined, 85
naming multiple-cation metal compounds, 91
naming single-cation metal compounds, 88-90
writing formulas for, 86-87
Bohr, Niels (physicist), hydrogen atom model of,
221-226
boiling point elevation constant, 376
boiling points
intermolecular forces and, 346-348
normal boiling point, 345, 346, 347
solutions and elevation of, 373, 376-377, 412
bond angle, 279, 412
bond length, 279, 412
bonding pairs, 274, 412

bonds, 259, 412. See also covalent bonds; ionic bonds

Boyle, Robert (chemist), 298

Boyle’s law, 297, 298-300, 412. See also combined gas

law; ideal gas law
bright-line spectrum
Bohr model of hydrogen and, 224-226
defined, 223
of hydrogen, 223-224, 225
quantum jumps and, 225
unique for each element, 226
Bronsted, Johannes (chemist), 395
Bronsted-Lowry concept of acids and bases, 395-397,
412
buffer, 412

C

calculations. See also conversions; scientific notation
with Avogadro’s law, 303
boiling-point elevation, 376-377
with Boyle’s law, 298-299
with Charles’ law, 301
with combined gas law, 305-307
concentration of a solution, 362-367
counting atoms, 114-116, 124
counting molecules, 123-124
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with Dalton’s law of partial pressures, 312-314
dilution of molar solutions, 367-368
empirical formulas, 143145

formula mass, 119

freezing-point depression, 374-375

gas volume-related, 298-299, 301, 303
with ideal gas law, 308-310

limiting reactant determination, 204-207
molar mass, 112

mole of an element, 111-112

molecular formulas, 146

molecular mass, 116

for moles and volumes of gases, 315-316
number of neutrons in nucleus, 221
osmotic pressure, 378-379

percent composition, 135-139

percent water in a hydrate, 139-141
percent yield of reactions, 209-211
pressure of a gas, 296

significant figures in, 16-18

solution stoichiometry, 370-373
stoichiometric, 191, 315-319, 370-373
for volumes of gases in balanced equations, 316-317
weighted-average atomic masses, 71

calculators, significant figures and, 18
calories, 30

catalyst, 159, 191, 412

cations. See also ions

defined, 49, 74, 412

displayed in periodic table, 85

formed by metals, 261

in formulas for binary ionic compounds, 86
ionic radii, 247-248

in Lewis structures, 275

monatomic, 75, 85

multiple-cation metals, 88

names for main-group element ions, 88-89
naming multiple-cation metal compounds, 90-92
naming multiple-cation metal ions, 90-91
naming single-cation metal compounds, 88-90
polyatomic, 93

single-cation metals, 88

Celsius temperature scale, 28-29, 297, 412
centimeter, 20, 21

central atom for skeleton structure, 274-275

charge. See electrical charges

Charles, Jacques (chemist), 300

Charles’ law, 297, 300-302, 412. See also combined

gas law; ideal gas law

chemical changes, 41, 412. See also chemical reactions
chemical equations. See also balanced equations;

chemical reactions

balancing, 160-164

coefficients in, 160-162

for decomposition reactions, 166

defined, 157, 412

for double-replacement reactions, 167-169

gases and, 315-317

limiting reactant determination, 204-207

mass-to-mass conversions, 201-204

mass-to-mole and mole-to-mass conversions,
197-200

mole-to-mole conversions, 193-197

predicting reactants and products in replacement
equations, 173-174

products, 157, 417
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reactants, 157, 417

for single-replacement reactions, 166—-167
symbols used in, 158, 168

for synthesis reactions, 165

word equations versus formula equations, 157-158

writing, 157-160
chemical equilibrium, 412
chemical formulas
for binary ionic compounds, 86-88

converting empirical formulas to molecular formulas,

142-143
defined, 51, 412
empirical, 135, 141-145
formula mass, 118, 119-122
formula units, 51, 52, 86, 119
for ionic compounds with polyatomic ions, 94-95
molecular, 51
naming molecular compounds, 52-55
pronouncing, 51
writing from compound names, 54
chemical kinetics, 412
chemical nomenclature, 412. See also names
chemical properties. See also properties
atomic number versus mass number and, 66
atoms and, 63
defined, 41, 413
electronic configuration and, 221
periodic table and atom properties, 246-248
periodic table columns and, 44
chemical reactions. See also chemical equations
actual yield, 209
chemical changes, 41, 412
classes of, 165
decomposition, 166, 177, 413
defined, 41, 157
double-replacement, 167-169, 174, 413

endothermic (absorbing heat), 177, 178, 179, 414

exothermic (producing heat), 178-179, 413
limiting reactant, 204-207, 415

moles and volumes of gases, 315-316
oxidation-reduction, 169-170

percent yield, 209-211, 417

single-replacement, 166-167, 169, 173-174, 418

synthesis (combination), 165, 413
theoretical yield, 209
chemical separation, 55
Classical system, 90-91
coefficients in chemical equations
choosing, 160-162
fractional, 161
gases and, 316-317
mole-to-mole conversions and, 193-197
overview, 160
colligative properties of solutions
boiling-point elevation, 373, 376-377
concentration of solute particles and, 373, 374
defined, 373
freezing-point depression, 373, 374-375
osmotic pressure, 373, 379-380
overview, 373
vapor-pressure depression, 373
combination (synthesis) reactions, 165, 413
combined gas law, 305-306
combustion reactions, 179, 413
compound-compound combination reactions, 165
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compounds. See also ionic compounds

binary, 52-54, 85-92, 412

chemical separation of, 55

counting atoms, 124

counting molecules, 123-124

covalent, 259, 265-271, 274-279

defined, 40, 413

elements and mixtures compared to, 55

formula mass, 118, 119-122

ionic versus covalent, 259

Law of Definite Composition, 49, 63, 415

Law of Multiple Proportions, 49, 63

mass-to-mole and mole-to-mass conversions,
122-123, 197-200

molar mass of, 118-122

molecular, 49, 52-55, 357, 416

molecular mass of, 118-122

molecular versus ionic, 49

mole-to-mole conversions, 193-197

percent composition, 135-139

structural units of, 52

concentrated solutions, 362
concentrated versus strong acids or bases, 401
concentration of a solution

boiling-point elevation and, 376-377
colligative properties and, 373, 374
concentration defined, 413

defined, 361

dilute versus concentrated, 362

dilution of molar solutions, 367-368
freezing-point depression and, 374-375
mass/mass percent concentrations, 362-363
mass/volume percent concentrations, 363-364
molarity concentrations, 366-368

osmotic pressure and, 378

size of sample and, 362

supersaturated, 362

unsaturated versus saturated, 362

condensation

defined, 339

deposition, 339, 340

equilibrium with vaporization, 344-345
molar heat of, 341

paired with vaporization, 340

condensed ground-state configuration, 236-237
conductivity, 349, 350

conjugate acid-base pairs, 396-397, 413
Conservation of Energy, Law of, 30, 415
Conservation of Mass, Law of, 160, 192, 415
constants

boiling point elevation constant, 376
freezing point depression constant, 375
ideal gas law constant (R), 307, 414

conversion factors

for counting atoms, 114-116

defined, 22, 413

densities as, 27

for English-metric conversions, 24-25

for mass-to-mole and mole-to-mass conversions,
113, 114, 122-123

for metric-metric conversions, 22-23

for units of pressure, 296, 297

conversions

empirical formula to molecular formula, 142-143
English-metric, 21, 24-26
Joule-calorie, 30
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conversions (continued)
mass-density, 27
mass-to-mass, 201-204
mass-to-mole and mole-to-mass, 113-114,
122-123, 197-200
metric-metric, 22-24
mole-to-mole, balanced equations and, 193-197
significant figures and, 23, 27
between temperature scales, 28-30, 297
between units of pressure, 296-297
coordinate covalent bonds, 269
covalent bonds. See also covalent compounds
bond angle, 279, 412
bond length, 279, 412
coordinate, 269
defined, 265, 413
directional property of, 279
double bond, 267, 413
in hydrogen molecules, 265-266
as intramolecular forces, 331
ionic bonds versus, 265, 272
Lewis structures for, 274-277, 278-279
nonpolar, 271, 272
polar, 271, 272-273
single bond, 266-267, 418
spin of electrons and, 265
strength of, 267
triple bond, 267, 418
covalent compounds
covalent bonding, 265-271
defined, 259, 265
familiar compounds, 267-268
guidelines for formation of, 269
ionic compounds versus, 259
Lewis structures for, 274-277, 278-279
polar versus nonpolar covalent bonds, 271
covalent-network solids, 350, 351
crystal lattice, 260
crystalline solids
classes of, 349-351
covalent-network, 350, 351
defined, 349
ionic, 349, 350, 351
ionic bonding in, 259-260, 263
ions and, 49
metallic, 349, 350, 351
molecular, 349, 350, 351
properties, 349
customized full-length exam, 419-425

D

D (Debye), 333
Dalton, John (scientist)

about, 63

law of partial pressures, 312-315

theory of atoms, 63

theory of relative atomic weights, 70
d-block of periodic table, 240
Debye (D), 333
decimal point

in scientific notation, 11-12

significant figures and, 13-14
decomposition reactions, 166, 177, 413
Definite Composition, Law of, 49, 63, 415
delocalized electrons in Lewis structures, 276
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density, 26-27, 413

deposition, 339, 340. See also condensation

diatomic elements, 48, 116, 266-267

diatomic molecule, 413

dihydroxy bases, 400

dilute solutions
defined, 362
dilution of molar solutions, 367-368

dilute versus weak acids or bases, 401

dilution equation, 367-368

dipole, electric, 271, 332

dipole moment, 333

dipole-dipole forces. See also hydrogen bonding
compared to other intermolecular forces, 336-337
defined, 334, 413

diprotic acids, 400

division, significant figures in, 16-17

d-orbitals, 230

double covalent bond, 267, 413

double-replacement reactions, 167-169, 174, 413

ductile metallic solids, 349

E

electric dipole, 271, 332
electrical charges
in binary ionic compounds, 86-87
of cations versus anions, 49
in crystalline solids, 49
electrically neutral atoms, 65
inverse-square behavior, 64
of ions, 49, 73-75
of monatomic anions, 89
of multiple-cation metals, 88
overview, 64
of polyatomic ions, 93
of single-cation metal ions, 89
of subatomic particles, 64
electrical conductivity, 349, 350
electrolytes
common, in water, 374
concentration of solute particles and, 374
defined, 357, 374, 413
solutions of acids and bases as, 394
strong versus weak, 398
electromagnetic radiation, 222. See also light energy
electromagnetic spectrum
Bohr model of hydrogen and, 224-226
bright-line spectrum, 223-226
defined, 222-223
electron-dot formulas. See Lewis structures
electronegativity of atoms
defined, 271, 272, 414
in nonmetals versus metals, 331
nonpolar covalent bonds and, 272
polar covalent bonds and, 272-273, 331-332
polar versus nonpolar molecules and, 332-333
electronic configuration
Bohr model of hydrogen, 224-226
chemical properties and, 221
condensed ground state, 236-237
defined, 221, 234, 414
excited state, 224, 234
ground state, 224, 234-237, 414
Hund’s rule, 231, 414
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orbitals, 226, 227, 228-232
Pauli principle, 231, 417
periodic table and, 239-246
principal quantum number, 224, 234, 417
quantized states, 221
quantum jumps, 221, 224-225
quantum mechanical model, 226, 227-231
subshells, 228-231
Uncertainty Principle of Heisenberg and, 226
valence electrons, 240-243
electronic structure, 221, 414
electrons
atomic number and, 221
in Bohr model of hydrogen, 224-226
chemical properties and, 66, 221
cloud of, surround nucleus, 64-65
defined, 413
electrical charge of, 64
in electrically neutral atoms, 65
Hund’s rule, 231, 414
loss or gain by atoms, 73-77
mass of, 64, 65
maximum per orbital, 228, 231
octet rule, 261, 269, 416
oxidation-reduction reactions and, 169-170
particle-wave duality of, 221, 226
Pauli principle, 231, 417
principal quantum number, 224, 234, 417
quantum jumps, 221, 224-225
quantum mechanical model, 226, 227-231
sharing to form covalent bonds, 265-269
spin, 231-232, 265
Uncertainty Principle of Heisenberg and, 226
valence electrons, 240-243
element-compound combination reactions, 165
element-element combination reactions, 165
elements. See also periodic table
atomic mass of, 70-73
atomic number identifying, 65
atoms of, 48
bright-line spectrum unique for, 226
compounds and mixtures compared to, 55
counting atoms, 114-116
defined, 40, 414
diatomic, 48, 116
electronegativity of, 271-273, 331-333
forty most important, 43, 109-110
free elements versus atoms, 48
ground-state configuration, 236
ionization energy of, 248
ions, 49, 73-76
isotopes, 68-70
mass-to-mole and mole-to-mass conversions,
113-114
molar mass of, 112
mole of, 111-112
name changes in binary compounds, 52-54
percent composition of compounds, 135-139
periodic table of, 44-47
structural units of, 52
symbols for, 43-44, 48
top ten in earth’s crust, 43
emission spectrum. See bright-line spectrum
empirical formula mass, 142
empirical formulas
calculating, 143-145
converting to molecular formulas, 142-143
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defined, 135, 141, 414

ionic compounds and, 141

molecular formulas versus, 141-142, 145
endings of names

for binary acids, 98

for binary compounds, 52-53, 96

in Classical system, 90-91

for ions, 75, 89

for oxyions, 93
endothermic reactions, 177, 178, 179, 414
energy. See also heat energy

forms of, 30

kinetic versus potential, 30

Law of Conservation of Energy, 30, 415

light energy, 221, 222, 225
English-metric conversions, 21, 24-26
enthalpy in exothermic reactions, 178
equations. See chemical equations
equilibrium, 344-345, 412
evaporation. See vapor pressure of liquids; vaporization
exams

full-length exam, 419-425

pretest, 1-10
exchange reactions. See double-replacement reactions
excited state electronic configuration, 224, 234
exothermic reactions, 178-179, 413
exponents. See powers of 10

F

Fahrenheit temperature scale, 28-29, 414
f-block of periodic table, 240
f-orbitals, 231
formula equations, 157-158, 168, 402. See also
chemical equations
formula mass. See also molecular mass
defined, 118, 119
molar mass and, 119-120, 122
formula units
for compounds, 119
defined, 51, 414
for ionic compounds, 123
for ions, 86
mole and, 119
as structural units of elements and compounds, 52
formulas. See chemical formulas
freezing
defined, 339
molar heat of, 340-341
normal freezing point, 345
paired with melting or fusion, 340
solutions and freezing-point depression, 373,
374-375, 414
freezing point depression constant, 375
frequency, 222-223
full-length exam, 419-425
fusion or melting, 339, 340-341

G

gas constant (R), 307, 414

gases
Avogadro’s law, 297, 302-304, 411
Boyle’s law, 297, 298-300, 412
Charles’ law, 297, 300-302, 412
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gases (continued)
combined gas law, 305-306
Dalton’s law of partial pressures, 312-315, 413
defined, 39
as double-replacement reaction product, 168
ideal gas law, 307-310, 415
kinetic-molecular theory (KMT), 319-320
moles and volumes of, 315-316
percent composition of atmosphere, 295
phase changes for, 339
pressure, 295, 296-297
properties, 295
standard pressure, 296
standard temperature, 297
standard temperature and pressure (STP), 303
stoichiometric calculations, 315-319
temperature, 297
volumes in balanced equations, 316-317
glossary, 411-418
ground-state configuration
Aufbau principle, 234, 411
build-up process for determining, 234-236
defined, 224, 234, 414
excited state versus, 234
for inner-transition metals, 237
rules for, 234
for transition metals, 237
Group IA metals. See alkali metals
Group IIA metals. See alkaline earth metals
Group IlIA metals
cations formed by, 261
valence electrons, 240
Group VA nonmetals
anions formed by, 261
valence electrons, 242
Group VIA nonmetals
anions formed by, 261
covalent compounds formed by, 267
Group VIIA nonmetals. See halogens
Group VIIIA. See noble gases
Groups IB through VIIIB. See transition metals
groups in periodic table. See also specific groups
atomic radii and, 246-247, 248
defined, 46, 414
ionization energy and, 248
main groups, 46
metals versus nonmetals in, 46

H

half-reactions, 169
halogens (Group VIIA)
anions formed by, 261
covalent bond in molecules, 266
defined, 46, 414
ions, 75
ions of, 74
London dispersion forces and, 335
single-replacement reactions, 167
valence electrons, 240, 241, 242
heat energy. See also temperature
combustion reactions, 179
endothermic reactions, 177, 178, 179, 414
exothermic reactions, 178-179, 413
molar heat of fusion and vaporization, 340-341
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phase changes and, 339-341
specific heat (S.H.) of substances, 31
temperature as measure of, 28
units of measurement for, 30-32
Heisenberg Uncertainty Principle, 226
heterogeneous mixtures, 40, 55, 414
homogeneous mixtures. See also solutions
defined, 40, 55, 414
gases and, 295
solutions as, 40, 55, 357
Hund’s rule, 231, 414
hydrates, 100, 139-141, 414
hydrogen
atomic mass of, 71
Bohr model of atom, 224-226
bright-line spectrum of, 223-224, 225
common bonding patterns, 268
covalent bond in molecules, 265-266
dissolved in water, symbolizing, 98
ground-state configuration, 235
hydronium ions of, 394-395, 415
quantum mechanical model of atom, 226
single-replacement reactions, 167
hydrogen bonding

compared to other intermolecular forces, 336-337

defined, 334, 415
overview, 335-336
as a special dipole-dipole force, 334
strength of, 335, 336
hydrolysis, 400
hydronium ions, 394-395, 415
hypertonic solution, 379
hypotonic solution, 379

ideal gas law, 307-310
ideal gas law constant (R), 307, 414
immiscible versus miscible liquids, 357
incompressibility
of liquids, 343
of solids, 349
indicator, 415
inner-transition metals, 46, 237, 240
instantaneous dipoles, 334, 335
intermolecular forces
comparing, 336-337
defined, 331, 415
dipole-dipole forces, 334, 413
hydrogen bonding, 334, 335-336
London dispersion forces, 334, 335, 415
overview, 337
properties of liquids and, 343, 344, 346-348
strength of, 337
as van der Waals forces, 334

International System of Units (SI), 11, 19, 297. See also

metric system; units of measurement

International Union of Pure and Applied Chemistry
(IUPAC), 88

intramolecular forces, 331. See also covalent bonds;
ionic bonds

inverse-square behavior, 64

ionic bonds. See also ionic compounds
covalent bonds versus, 265, 272
crystal lattice formed by, 260
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in crystalline solids, 259-260, 263
defined, 259, 415
as intramolecular forces, 331
in sodium chloride, 259-260

ionic compounds. See also ions
aluminum oxide example, 262
bases, 99
binary, 85-92
common names for, 88
counting molecules, 123-124
covalent compounds versus, 259
crystalline solids and, 49
defined, 49, 259, 415
empirical formulas and, 141
formula units for, 123
guidelines for formation of, 261
ionic bonding, 259-263
magnesium fluoride example, 262
magnesium sulfide example, 262
main-group elements and, 262-263
molecular compounds versus, 49
monatomic ions and, 262-263
with polyatomic ions, 94-97
polyatomic ions and, 263
predicting solubility of, 360
properties, 49
salts, 169
as solutes, 357
transition metals and, 263

ionic equations, 402-403, 415

ionic radii, 247-248

ionic solids, 349, 350, 351

ionization, 415

ionization energy, 248, 415

ions. See also anions; cations; ionic compounds
atoms versus, 75
attraction forming ionic bonds, 259
Classical system for naming, 90-91
crystalline solids and, 49
defined, 49, 73, 415
displayed in periodic table, 85-86
electrolytes (in solution), 357
of Group IA metals, 74
of Group IIA metals, 74
of Group VIIA nonmetals, 74
ionic radii, 247-248
of main-group elements, 86
monatomic, 75, 85, 89
multiple-cation metals, 88, 90-92
names for main-group elements, 88-89
octet rule, 261, 269
polyatomic, 92-97
single-cation metals, 88-90
Stock system for naming, 90-91

isotonic solutions, 379

isotopes, 68-69, 70, 415

IUPAC (International Union of Pure and Applied
Chemistry), 88

Joules, 30, 31, 415
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K

Kelvin, Lord (William Thomson, a physicist), 300
Kelvin temperature scale, 28-29, 297, 300, 415
kilopascal (kPa), 296

kinetic energy, 30, 415

kinetic-molecular theory (KMT), 319-320, 415
kPa (kilopascal), 296

L

laws. See also principles; rules and guidelines; theories

Avogadro’s law, 297, 302-304, 411
Boyle’s law, 297, 298-300, 412
Charles’ law, 297, 300-302, 412
combined gas law, 305-306
Dalton’s law of partial pressures, 312-315, 413
ideal gas law, 307-310, 415
Law of Conservation of Energy, 30, 415
Law of Conservation of Mass, 160, 192, 415
Law of Definite Composition, 49, 63, 415
Law of Multiple Proportions, 49, 63
Le Chatellier’s principle, 415
length
base unit for, 19
bond length, 279, 412
English-metric comparisons, 21
metric units of, 19-20
wavelength, 222-223
Lewis structures
anions in, 275
applying VSEPR theory to, 280-283
bonding pairs in, 274, 412
cations in, 275
central atom for, 274-275
defined, 274, 415
delocalized electrons in, 276
limitations of, 278-279
nonbonding electron pairs in, 275, 416
octet rule and, 277
resonance and, 276
sequence for deriving, 274-277
skeleton structure for, 274-275
Lewis symbols, 242-243, 415
light energy, 221, 222, 225
“like dissolves like” rule for solubility, 358
limiting reactant, 204-207, 415
liquids. See also solutions
boiling points, 345, 346-347
defined, 39, 343
density expressions for, 26
as incompressible, 343
intermolecular forces and, 336

intermolecular forces and properties of, 343, 344,

346-348
miscible versus immiscible, 357
molar heat of vaporization, 340-341
normal boiling point, 345, 346, 347
normal freezing point, 345
phase changes for, 339
polar versus nonpolar, solubility and, 358-359
surface tension, 343-344
vapor pressure, 344-346
viscosity, 343, 347
volatile, 346
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liter, 21

London dispersion forces
compared to other intermolecular forces, 336-337
defined, 334, 415
overview, 335

Lowry, Thomas (chemist), 395

M

main-group elements
atomic radii, 246-247
cations formed by, 261
defined, 46, 416
ion names, 88-89
ionic compound formation and, 262-263
ionic radii, 247-248
ionization energy, 248
ions of elements, 86
Lewis symbols for, 242-243
as s- and p-blocks, 240
single-cation metals, 88
valence electrons, 240-242
malleable metallic solids, 349
mass. See also atomic mass; atomic mass units (amu);
molar mass
base unit for, 19, 21
calculating from percent composition, 136137
counting atoms, 114-116, 124
counting molecules, 123-124
defined, 416
density-mass conversion, 27
empirical formula calculation from, 145
English-metric comparisons, 21
of fundamental subatomic particles, 64
Law of Conservation of Mass, 160, 192, 415
mass-to-mass conversions, 201-204
mass-to-mole and mole-to-mass conversions,
113-114, 122-123, 197-200
matter definition and, 39
metric units of, 21
molecular mass, 116
in nuclear atom, 64-65
mass number
atomic mass versus, 71
chemical properties and, 66
defined, 65, 221
display with element symbol, 65
isotopes and, 68
mass spectrometer, 70
mass/mass percent concentrations, 362-363
mass/volume percent concentrations, 363-364
matter. See also gases; liquids; solids
defined, 39
elements versus compounds, 40
homogeneous versus heterogeneous mixtures, 40
pure substances versus mixtures, 40
states of, 39, 418
measurement. See also units of measurement
importance to science, 11
scientific notation for, 11-13
significant figures in, 13—19
of viscosity, 343
melting or fusion, 339, 340-341
metallic bonding, 350
metallic solids, 349, 350, 351
metalloids, 46, 416
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metals. See also alkali metals (Group IA); alkaline earth
metals (Group IIA); transition metals
in binary ionic compounds, 85
cations formed by, 261
defined, 46, 416
electronegativity and, 331
Group llIA, 240, 261
inner-transition metals, 46, 237, 240
in ionic compounds, 49
ions of Groups IA and lIA, 74
ions of main-group elements, 86
metallic solids, 349, 350, 351
metalloids, 46, 416
multiple-cation metals, 88, 90-92
naming multiple-cation metal compounds, 90-91
naming single-cation metal compounds, 88-90
single-cation metals, 88-90
single-replacement reactions, 167
meter, 19, 20
metric system
base units, 19
density expressed in, 26
English-metric conversions, 24-26
International System of Units (SI) and, 11, 19
metric-metric conversions, 22-24
prefixes, 20
units of length, 19-21
units of mass, 21
units of volume, 21-22
miscible versus immiscible liquids, 357
mixtures
Dalton’s law of partial pressures for gases, 312-315,
413
defined, 40, 55, 416
elements and compounds compared to, 55
gases and, 295
homogeneous versus heterogeneous, 40, 55
physical separation of, 55
mmHg
converting to and from other units of pressure,
296-297
defined, 296, 416, 418
freezing points of liquids and, 345
as unit of pressure, 296
vapor pressure of liquids and, 345
molality of solutions
boiling-point elevation and, 376-377
defined, 374
freezing-point depression and, 374-375
molar heat, 340-341
molar mass. See also atomic weights; moles
of compounds, 118-122
counting atoms in molecules, 124
defined, 110-111, 118, 416
determining, 112-113
of an element, 112
formula mass and, 119-120, 122
mass-to-mole and mole-to-mass conversions,
113-114, 122-123, 197-200
mole of an element and, 110-112, 113
percent composition calculation using, 136-138
molar volume of a gas, 416
molarity concentrations
defined, 416
dilution of molar solutions, 367-368
overview, 366-367
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mole ratio, 204, 416
molecular compounds
binary, 52-54
defined, 49, 52, 416
ionic compounds versus, 49
naming, 52-55
properties, 49
as solutes, 357
molecular formulas
calculating, 146
converting empirical formulas to, 142-143
defined, 51, 141, 416
empirical formulas versus, 141-142, 145
molecular mass. See also formula mass
of compounds, 118-122
defined, 116, 416
of diatomic elements, 116
empirical formula mass versus, 142
molecular formula calculation and, 146
unit of measurement for, 118
molecular solids, 349, 350, 351
molecules
counting atoms, 124
counting in compounds, 123-124
defined, 48, 416
diatomic, 266-267
dipole moment of, 333
kinetic-molecular theory (KMT) of gases, 319-320
Lewis structures for, 274-277, 278-279
mole of, 116
molecular mass of, 116, 118
planar, 279, 280
polar versus nonpolar, 332-333
as structural units of elements and compounds, 52
tetrahedral, 279-280
three-dimensional shapes of, 278-283, 332-333,
343
moles. See also molar mass
atomic mass and, 111
Avogadro’s law, 297, 302-304, 411
Avogadro’s number, 110, 116, 411
balanced equations and, 177
as base unit of amount of substance, 19
calculating gas volume for change in moles, 303
calculating number of moles for change in gas
volume, 303
of compounds, 118
constant for Boyle’s law, 298
constant for Charles’ law, 300
counting atoms, 114-116
counting molecules, 123-124
defined, 110, 416
diatomic elements and, 116
of an element, 111-112
formula units and, 119
ideal gas law, 307-310, 415
mass-to-mole and mole-to-mass conversions,
113-114, 122-123, 197-200
molar mass and, 110-112, 113
of molecules, 116
mole-to-mole conversions, 193-197
volumes of gases and, 315-316
monatomic ions
defined, 75
displayed in periodic table, 85
ionic compound formation and, 262-263
names for, 88-89
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monohydroxy bases, 400

monoprotic acids, 400

Multiple Proportions, Law of, 49, 63
multiple-cation metals and compounds, 88, 90-92
multiplication, significant figures in, 16-17

N

names. See also endings of names; prefixes
binary acids, 98
chemical nomenclature, 412
Classical system for naming multiple-cation metal
ions, 90-91
compounds involving multiple-cation metals, 91
compounds involving single-cation metals, 88-90
40 most important elements, 43
hydrates, 100
hydrogen atom dissolved in water, 98
ionic compounds with polyatomic ions, 96-97
ions (in general), 74, 75
Latin, for some element symbols, 44
molecular compounds, 52-55
monatomic ions, 89
oxyacids, 99
oxyions, 93
pronouncing chemical formulas, 51
Stock system for naming multiple-cation metal ions,
90-91
systematic names, 88
top 10 elements in earth’s crust, 43
natural abundance of isotopes, 68
negative ions. See anions
net-ionic equations, 403, 416
neutralization reactions
Arrhenius concept of, 394, 411
Bronsted-Lowry concept of, 395, 412
defined, 169, 393, 394, 395, 416
as exothermic, 178
formula equations for, 402
ionic equations for, 402-403
net-ionic equations for, 403, 416
salt and water as products of, 169, 394, 402
neutrons
defined, 416
determining number in an atom, 65-66
electrical charge of, 64
mass number and, 221
mass of, 64
in nucleus of atoms, 65, 221
noble gases (Group VIIIA)
alkali metal ions and, 241
defined, 46, 416
octet rule and, 261
pseudo-noble gas cores, 241
unique chemical stability of, 242
nomenclature. See names
nonbonding electron pairs, 275, 416
nonelectrolytes
common, in water, 374
concentration of solute particles and, 374
defined, 357, 374, 416
nonmetals
anions formed by, 261
in binary ionic compounds, 85
covalent compounds composed of, 269
defined, 46
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nonmetals (continued)
diatomic elements, 48
electronegativity and, 331
halogens, 46
in ionic compounds, 49
ionization energy, 248
ions of Group VIIA elements, 74
ions of main-group elements, 86
metalloids, 46
in molecular compounds, 49
noble gases, 46
nonpolar covalent bonds
defined, 271
electronegativity and, 272, 332-333
nonpolar molecules
electronegativity and, 332-333
as nonpolar species, 358
solubility and, 358-359
normal boiling point, 345, 346, 347
normal freezing point, 345
nucleus
atomic number and, 65, 221
calculating number of neutrons in, 221
defined, 64, 416
mass number and, 65, 221
mass of, 65
numbers. See also atomic number; mass number; units
of measurement
Avogadro’s number, 110, 116, 411
for periodic table columns (groups), 46
for periodic table rows (periods), 46
principal quantum number, 224, 234, 417
rounding off, 15
scientific notation for, 11-12
significant figures, 13-19
in Stock system for naming compounds, 90-91

O

octet rule
covalent bonds and, 269
defined, 261, 416
Lewis structures and, 277
orbitals
covalent bonds and, 265
defined, 226, 227, 228, 411, 416
d-orbitals, 230
electron spin and, 231-232
f-orbitals, 231
Hund’s rule, 231, 414
maximum electrons per orbital, 228, 231
Pauli principle, 231, 417
p-orbitals, 229
s-orbitals, 229
subshells and, 228-232
symbols indicating number of electrons in subshells,
231
osmosis
chemistry of living things and, 379
defined, 378, 417
osmotic pressure
calculating for a solution, 378-379
chemistry of living things and, 379
defined, 373, 417
isotonic versus hypertonic versus hypotonic
solutions, 379
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oxidation, 169, 417

oxidation-reduction reactions
defined, 169
electron transfer in, 169-170
half-reactions, 169
oxidation defined, 169, 417
oxidizing agent, 170
as redox reactions, 169
reducing agent, 170
reduction defined, 169
single-replacement in, 169

oxidizing agent, 170

oxyacids, 98-99, 417

oxyions, 93

P

paired electrons, 243, 417
partial charge, 332, 417
partial pressures, Dalton’s law of, 312-315, 413
particles, electrons as, 221
Pascal (unit of pressure), 296
Pauli principle, 231, 417
p-block of periodic table, 240
percent composition
calculating, 135-139
defined, 135, 417
empirical formula calculation from, 143-145
empirical versus molecular formulas and, 145
molecular formula calculation and, 146
percent natural abundance of isotopes, 68
percent water in a hydrate, 139-141
percent yield of reactions, 209-211, 417
periodic table
alkali metals, 46
alkaline earth metals, 46
amu dropped from, 71
atomic mass in, 71
atomic numbers in, 44, 65
columns of, 44, 46
d-block, 240
defined, 44
electronic configuration and, 239-246
f-block, 240
groups or families in, 46, 414
halogens, 46
illustrated, 45
inner-transition metals, 46, 237, 240
ions displayed in, 85-86
main groups, 46, 240
metalloids in, 46
metals versus nonmetals in, 46
noble gases, 46
p-block, 240
periods in, 46
properties of atoms and, 246-248
s-block, 240
transition metals, 46, 240
periods
atomic radii and, 246-247, 248
defined, 46, 417
ionization energy and, 248
periodic table rows as, 46
pH, 417
pH scale, 417
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phase changes
condensation, 339, 340
as constant temperature processes, 339
defined, 339
deposition, 339, 340
freezing, 339, 340
for gases, 339
for liquids, 339
melting or fusion, 339, 340-341
pairing between opposing changes, 340
for solids, 339
sublimation, 339, 340
vaporization, 339, 340-341
phases
defined, 339
of heterogeneous mixtures, 40
photosynthesis, as endothermic, 178
physical changes, 41
physical properties
defined, 41, 417
molecular versus ionic compounds and, 49
physical separation, 55
planar molecules, 279, 280
polar covalent bonds
defined, 271, 417
electronegativity difference and, 272-273, 331-332
polar molecules
defined, 417
dipole-dipole forces between, 334, 413
electronegativity and, 332-333
as polar species, 358
polar species, solubility and, 358-359
polyatomic ions
common ions, 92-93
defined, 92, 417
electrical charges, 93
ionic compound formation and, 263
ionic compound formulas, 94-95
names for, 93
naming ionic compounds, 96-97
oxyions, 93
p-orbitals, 229
positive ions. See cations
potential energy, 30, 417
powers of 10
defined, 11
metric prefixes using, 20
for metric units of length, 19, 20
for metric units of mass, 21
for metric units of volume, 22
negative numbers for, 11-12
in scientific notation, 11-12
zero power, 12
precipitates, 168
prefixes
for binary acids, 98
in binary compound names, 53
for diatomic elements, 48
for free elements, 48
metric system, 20
for oxyions, 93
pressure. See also vapor pressure of liquids
Boyle’s law, 297, 298-300, 412
calculating gas volume for change in pressure, 298
calculating new pressure for change in gas volume,
298-299
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combined gas law, 305-306
constant for Avogadro’s law, 302
constant for Charles’ law, 300
Dalton’s law of partial pressures, 312-315, 413
of a gas, defined, 296
ideal gas law, 307-310, 415
ideal versus real gases and, 319
liquids as incompressible, 343
normal freezing point and, 345
partial, defined, 312
as property of gases, 295, 296-297
solids as incompressible, 349
standard pressure for gases, 296
standard temperature and pressure (STP) for gases,
303
vapor pressure of water at four temperatures, 313
pretest, 1-10
principal quantum number, 224, 234, 417
principal shells, 227-228, 230
principles. See also laws; rules and guidelines; theories
Le Chatellier’s principle, 415
Pauli principle, 231, 417
Uncertainty Principle of Heisenberg, 226
products in chemical equations
of decomposition reactions, 166
defined, 157, 417
of double-replacement reactions, 167-169
of oxidation-reduction reactions, 169-170
predicting in replacement equations, 173-174
of single-replacement reactions, 166-167
of synthesis reactions, 165
pronouncing chemical formulas, 51
properties. See also chemical properties
chemical changes, 41
defined, 41, 417
of gases, 295
of liquids, intermolecular forces and, 343, 344,
346-348
molecular versus ionic compounds and, 49
periodic table columns and, 44
physical changes, 41
physical versus chemical, 41
of solutions, 373-381
protons
atomic number and, 65, 221
conjugate acid-base pairs and, 396-397, 413
defined, 417
electrical charge of, 64
mass number and, 65, 221
mass of, 64
neutralization reactions and, 395
in nucleus of atoms, 65
pseudo-noble gas cores, 241
pure substances, 40, 418. See also compounds;
elements

Q

quantized states, 221

quantum jumps
in Bohr model of hydrogen, 224-225
bright-line spectrum and, 225
defined, 221
light energy emitted by, 221, 225
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quantum mechanical model. See also electronic
configuration
described, 226
hierarchy in, 228
orbitals, 226, 227, 228-232
principal shells, 227-228, 230
subshells, 228-231
quantum mechanics, 221

R

R (ideal gas law constant), 307, 414

radioactive isotopes, 69

reactants in chemical equations
decomposition reactions, 166
defined, 157, 417
double-replacement reactions, 167-169
limiting reactant, 204-207, 415
oxidation-reduction reactions, 169-170
predicting in replacement equations, 173-174
single-replacement reactions, 166-167
synthesis reactions, 165

reactions. See chemical reactions

reducing agent, 170

reduction (redox reactions), 169, 417. See also
oxidation-reduction reactions

replacement equations
double-replacement reactions, 167-169, 174, 413
single-replacement reactions, 166-167, 169,

173-174, 418

resonance, 276, 418

rounding off numbers, rules for, 15

rules and guidelines. See also laws; principles; theories
binary ionic compound formulas, 86
choosing central atom for skeleton structure,

274-275

covalent compound formation, 269
ground-state configuration, 234
Hund’s rule, 231, 414
ionic compound formation, 261
Lewis symbols, 242-243
“like dissolves like” rule for solubility, 358
naming molecular binary compounds, 52-53
naming single-cation metal compounds, 89
octet rule, 261, 269, 416
rounding off numbers, 15
significant figures, 13-14
solubility rules, 360
systematic names, 89, 90-91
VSEPR theory, 280-283

S

salts
defined, 169, 418
as neutralization reaction products, 169, 394, 402
saturated solutions, 362
s-block of periodic table, 240
scientific notation
for large numbers, 11
for numbers between 1 and 10, 12
significant figures in, 13-19
for small numbers, 11-12
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semipermeable membrane, 378
separation, 55
S.H. (specific heat) of substances, 31
shapes of molecules
bond angle and, 279-280
bond length and, 279-280
Lewis structure limitations for, 278-279
planar molecules, 279, 280
polar molecules and, 332-333
viscosity and, 343
VSEPR theory for predicting, 280-283
SI (International System of Units), 11, 19, 297. See also
metric system; units of measurement
significant figures
in calculations, 16-17
calculators and, 18
conversions and, 23, 27
defined, 13, 418
metric-metric conversions and, 23
rounding off numbers for, 15
rules for counting, 13-14
zero and, 13-14
simple formulas. See empirical formulas
single covalent bond, 266-267, 418
single-cation metals and compounds, 88-90
single-replacement reactions, 166-167, 169, 173-174,
418
skeleton structure, 274-275
solids
amorphous, 349
covalent-network, 350, 351
crystalline, 49, 259-260, 263, 349-351
defined, 39, 349
density expressions for, 26
as incompressible, 349
intermolecular forces and, 336
jonic, 349, 350, 351
metallic, 349, 350, 351
molar heat of fusion, 340-341
molecular, 349, 350, 351
phase changes for, 339
pure substances versus mixtures, 349
solubility
defined, 358
factors affecting, 358-360
“like dissolves like” rule for, 358
polar versus nonpolar species and, 358-359
predicting for ionic compounds, 360
solubility rules, 360
solvents and, 358
solutes
defined, 357, 418
electrolytes versus nonelectrolytes, 357, 374
of ionic compounds, 357
of molecular substances, 357
smallest state of subdivision in solutions, 357
unit of mass for, 362
solutions. See also concentration of a solution
aqueous, 411
boiling-point elevation and, 373, 376-377
colligative properties, 373-381
concentration, 362-370
defined, 357, 418
double-replacement reactions and, 167
electrolytes, 357, 374
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freezing-point depression and, 373, 374-375
as homogeneous mixtures, 40, 55, 357
isotonic versus hypertonic versus hypotonic, 379
of miscible liquids, 357
molality, 374
nonelectrolytes, 357, 374
osmotic pressure and, 373, 379-380
solubility, 358-360
solutes, 357
solvent, 357
stoichiometry, 370-373
unit of mass for, 362
units of molarity for, 362
vapor-pressure depression and, 373
solvents
defined, 357, 418
solubility and, 358
s-orbitals, 229
specific heat (S.H.) of substances, 31, 418
spin of electrons, 231-232, 265
standard pressure for gases, 296
standard temperature and pressure (STP) for gases, 303,
418
standard temperature for gases, 297
state of matter, 39, 418
stock number in nomenclature, 418
Stock system, 90-91
stoichiometric calculations
defined, 191
for moles and volumes of gases, 315-316
for solutions, 370-373
for volumes of gases in balanced equations, 316-317
stoichiometric coefficients, 418
stoichiometry, 191, 370, 418
STP (standard temperature and pressure) for gases, 303,
418
strength of covalent bonds, 267
strong acids, 399, 411
strong bases, 400, 412
strong electrolytes, 398
strong versus concentrated acids or bases, 401
subatomic particles, 64. See also specific particles
sublimation, 339, 340
subshells
defined, 228, 418
ground-state configuration, 224, 234-236
orbitals and, 228-232
symbols indicating number of electrons in, 231
substances, 40, 418. See also compounds; elements
subtraction, significant figures in, 16-17
supersaturated solutions, 362
surface tension of liquids, 343-344, 347
symbols
in chemical equations, 158, 168
for electrons in subshells, 231
for elements, 43-44, 48
for endothermic reactions, 177
Lewis symbols, 242-243, 415
synthesis (combination) reactions, 165, 413
systematic names, 88, 89, 90-91
Systéme International (SI) (International System of
Units), 11, 19, 297. See also metric system; units of
measurement
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T

temperature. See also heat energy
base unit for, 19
calculating gas volume for change in temperature,
301
calculating new temperature for change in gas
volume, 301
Celsius scale, 28-29, 412
Charles’ law, 297, 300-302, 412
combined gas law, 305-306
constant for Avogadro’s law, 302
constant for Boyle’s law, 298
conversions between scales, 28-30, 297
defined, 28, 418
Fahrenheit scale, 28-29, 414
formula for Joules required for change in, 31
ideal gas law, 307-310, 415
ideal versus real gases and, 319
Kelvin scale, 28-29, 297, 300, 415
phase changes and, 339
standard temperature and pressure (STP) for gases,
303
standard temperature for gases, 297
vapor pressure of liquids and, 313, 345, 346
tests
full-length exam, 419-425
pretest, 1-10
tetrahedral molecules, 279-280
theoretical yield of reactions, 209
theories. See also laws; principles; rules and guidelines
Dalton’s theory of atoms, 63
Dalton’s theory of relative atomic weights, 70
kinetic-molecular theory (KMT), 319-320
VSEPR (Valence Shell Electron Pair Repulsion) theory,
280-283
Thomson, William (Lord Kelvin, a physicist), 300
three-dimensional shapes of molecules. See shapes of
molecules
time, base unit for, 19
titration, 418
torr. See mmHg
Torricelli (barometer inventor), 296
transition metals
as d-block of periodic table, 240
defined, 46, 418
ground-state configuration, 237
ionic compound formation and, 263
as multiple-cation metals, 88
valence electrons, 242
triple covalent bond, 267, 418

u

Uncertainty Principle of Heisenberg, 226
units of measurement
for amount of substance, 110
for density, 26
for dipole moment, 333
English-metric conversions, 21, 24-26
for heat energy, 30-32
International System of Units (SI), 11, 19
for length, 19-21
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units of measurement (continued)
for mass, 21
metric system, 19-28
metric-metric conversions, 22-24
for molality, 374
for molarity, 366
for molecular mass, 118
for pressure, 296
for solutions, 362, 366
for temperature, 28-29
for volume, 21-22
unsaturated solutions, 362

V

valence electrons. See also covalent bonds; covalent
compounds
defined, 240, 418
in Lewis structures, 275
Lewis symbols for, 242-243, 415
of main-group elements, 240-242
octet rule, 261, 269, 416
Valence Shell Electron Pair Repulsion theory. See VSEPR
(Valence Shell Electron Pair Repulsion) theory
van der Waals, Johannes (scientist), 334
van der Waals forces, 334. See also intermolecular
forces
vapor pressure of liquids. See also vaporization
atmospheric pressure and, 345
defined, 344
equilibrium and, 344-345, 346
intermolecular forces and, 346, 347-348
normal boiling point and, 345, 346
solutions and depression of, 373
temperature and, 345, 346
volatility and, 346
of water at four temperatures, 313
vaporization. See also vapor pressure of liquids
defined, 339
equilibrium with condensation, 344-345
molar heat of, 340-341
paired with condensation, 340
vesper theory. See VSEPR (Valence Shell Electron Pair
Repulsion) theory
viscosity of liquids, 343, 347
volatile liquids, 346
volume
Avogadro’s law, 297, 302-304, 411
Boyle’s law, 297, 298-300, 412
calculations involving gases, 298-299, 301, 303
Charles’ law, 297, 300-302, 412
combined gas law, 305-306
defined, 21, 418
derived base unit of, 21
of gases in balanced equations, 316-317
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ideal gas law, 307-310, 415
matter definition and, 39
metric units of, 21-22
moles and volumes of gases, 315-316
properties of gases and, 295
VSEPR (Valence Shell Electron Pair Repulsion) theory
applying to molecule or polyatomic ion, 280-283
arrangements of electron domains, 281
comparing electron domain geometry with molecular
shapes, 282
defined, 418
overview, 280

W

water
common electrolytes and nonelectrolytes in, 374
as covalent compound, 267
density of, 26
as double-replacement reaction product, 168-169
hydrogen bonding in, 336
hydrolysis, 400
as hypotonic to all solutions, 379
Lewis structure for, 274, 278-279
as neutralization reaction product, 169, 394, 402
percent in a hydrate, 139-141
as planar molecule, 279
as polar species, 358
solubility rules, 360
temperature scales and, 28
vapor pressure of water at four temperatures, 313
wavelength, 222-223
waves, electrons as, 221, 226
weak acids, 399, 411
weak bases, 400-401, 412
weak electrolytes, 398, 418
weak versus dilute acids or bases, 401
weighted-average atomic masses, 70, 71
word equations, 157-158. See also chemical equations
writing
binary ionic compound formulas, 86-87
chemical equations, 157-160
chemical formulas from compound names, 54
completing chemical equations, 173-174
condensed ground-state configuration, 236-237
ground-state configurations, 234-237
Lewis symbols, 242-243

y4

zero
as power of 10, 12
significant figures and, 13-14



