
• A •
absolute zero, 42, 44, 155
accuracy, 14
acid dissociation constant (Ka), 222, 223, 233,

325–326
acidity measurements, 219–221
acids. See also bases

Arrhenius theory, 215–216
Brønsted-Lowry method, 216–217
common, 91, 216
conjugate, 217, 233
defined, 91
defining, 215–219
equivalents, 227, 228–230
Lewis theory, 217–218
number of moles, 228
in ratio of products and reactants, 234
strong, 227
substance identity as, 219

actinides, 51
activation energy, 191
actual yield, 133
addition

defined, 309
with exponential notation, 12–13
process illustration, 310
significant figures and, 17

alcohols, 302, 303
aldehydes, 302, 305
alkali metals, 50, 327
alkaline earth metals, 50
alkanes

branched, 276–279
continuous, 273–276
defined, 273
names, 274

alkenes
cis isomer, 290
defined, 280
double bonds, 290
naming, 280–281
trans isomer, 290

alkyl groups, 277
alkynes, 281, 291

alpha decay, 263
altitude, pressure relationship, 152
amines, 303, 306
amino acids, 312, 313
ammonia, as excess reagent, 131
amorphous solids, 148
amperes, 257
anions

atoms gaining electrons, 55
cation combinations, 86
defined, 66, 85
electrostatic attraction, 66, 85
in ionic compound names, 85
positive cathode migration, 256

anodes, 249
anti-bonding orbital, 72
area, derived units expression, 23
aromatic hydrocarbons, 282, 283
Arrhenius, Svante, 215–216
atomic masses

isotopes and, 40–42
measurement, 34
in percent composition, 102
units, 34

atomic numbers
changing of, 37
defined, 37
examples, 38
specifying, 38

atomic radius, 53
atoms. See also ions

atomic number, 37, 38
bonding, 65–84
building from subatomic particles, 33–37
central, 69, 70
defined, 33
electron affinity, 52
geometric size, 53
hypervalent, 328
with lone pairs, 70
mass number, 38
positive charge, 35
solar system comparison, 36
stability, 52
valence shells, 52–53
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audience assumptions, this book, 2
Aufbau filling diagram, 57
Avogadro’s Law, 156–157
Avogadro’s number, 97

• B •
balanced equations

coefficients in, 228
creating, 113–115
mole-mole conversions from, 125–127

balancing the charge, 86
base dissociation constant (Kb), 222, 223,

325–326
base units. See also SI system

building derived units from, 23–24
defined, 21
list of, 22

bases. See also acids
Arrhenius theory, 215–216
Brønsted-Lowry method, 216–217
common, 216
conjugate, 217, 233
defining, 215–219
equivalents, 227, 228–230
Lewis theory, 217–218
number of moles, 228
in ratio of products and reactants, 234
strong, 227
substance identity as, 219

basicity measurement, 219–221
batteries

EMF, 254, 255
energy, 249
rechargeable, 251
redox reactions in, 250
voltage, 251

beta decay, 264
beta-minus, 264
beta-plus, 264
Bohr, Niels, 36
boiling, 146
boiling points

calculating, 178–180
change in, 178
elevations, 178
in molecular mass determination, 182–183

bomb calorimetry, 204
bonding

covalent, 68–72, 328
defined, 65

ionic, 66–68
orbital, 72

bonds
axis, 73
carbon-carbon, 274
covalent, 68–72
double, 69, 283
ionic, 66–68
nonpolar, 75
pi, 73
polar, 75
ringside, 290–291
sigma, 73
stereo, 290
tagging on electrons within, 74–77
triple, 69, 283

Boyle’s Law, 153–154
branched alkanes. See also alkanes

defined, 276
naming, 276–278
parent chain, 277, 278

Brønsted-Lowry method, 216–217
buffer solutions, 227
buffers, 233–235

• C •
calories, 204
calorimetry

bomb, 204
constant-pressure, 204, 324
constant-volume, 204
defined, 204, 324

carbohydrates, 311, 312
carbon

as building block, 40–41
electron configuration, 79
isotopes, 40
orbitals, 57
valence electrons, 80

carbons
cyclical, 282
at end of chain, 275
interior, 275
linking into continuous alkanes, 273–276
pentane’s skeleton, 274
prefixes, 274
saturated, 280

carboxylic acids, 302, 304
cathode ray tube, 35
cathodes, 249, 256
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cations
anion combinations, 86
atom electron loss, 55
defined, 66, 85
electrostatic attraction, 66, 85
in ionic compound names, 85
negative anode migration, 256

cell potentials, 253
Celsius scale, 44
centi (c) prefix, 22
charge, 257
Charles, Jacques, 155
chemical equations

balancing, 113–115
basic form, 111
coefficients, 113
compound naming with transition metals, 330
defined, 111
polyatomic ions, 330–331
skeleton, 113, 114
subscripts, 113
symbols, 112
translating to, 111–113
yields, 111

chemical intuition, 116
chemistry rule exceptions

coordinate covalent bonds, 329
hybridized orbitals, 329
hydrogen, 327
ideal gas, 331
octet rule, 327–328
orbital rules, 328–329
organic compounds common names, 332
water density, 331

chirality, 293
chlorine

anions, 67, 256
isotopes, 41

circular carbon chains, 282–284
cis-trans isomers. See also isomers

alkynes and, 291
defined, 289
illustrated, 290
naming, 290

coefficients
in balanced equations, 228
in balancing elements/polyatomic ions, 114
defined, 113
stoichiometric, 194, 323

colligative properties
boiling points, 178–180, 182–183
defined, 175
freezing points, 180–183
molality and mole fractions, 175–178

combination reactions, 116
Combined Gas Law, 156–158, 321
combustion reactions, 118
common names, 85
components, 163–164
compounds

common names, 85
ionic, 85–87
molecular, 89–91
naming, 85–96
naming flowchart, 92
organic, 273, 332
unified naming scheme, 91–93

concentrations
changing, with dilutions, 170–171
equilibrium relationship, 197
measuring, 168
units and, 169

condensation
defined, 146, 152
reactions, 311

condensed structural formula, 275
conformers, 289
conjugate acids, 217, 233
conjugate bases, 217, 233
Conservation of Charge principle, 242
Conservation of Mass principle, 242
constant-pressure calorimetry, 204, 324
constant-volume calorimetry, 204
continuous alkanes, 273–276
conventions, this book, 1
conversion factors. See also SI system

building, 24
defined, 24
list of, 24–25
mole-mass, 128
mole-mole, 125–127, 128
mole-particle, 128
mole-volume, 128
with non-SI units, 26
using, 28–29

coordinate covalent bonds, 70, 329
coordination complexes, 329
Coulombs, 257
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covalent bonds. See also bonds
coordinate, 70, 329
defined, 68
dihydrogen, 68, 69
double, 69
electron sharing, 68
molecular orbital shapes and, 73
shared electrons, 328
triple, 69

covalent solids, 148
critical point, 146
crystalline solids, 148
crystals, 148
cyclic aliphatic hydrocarbons, 282–283

• D •
Dalton’s Law of Partial Pressures, 158–159, 322
decay

alpha, 263
beta, 264
gamma, 264
modes, 263, 266
nuclei, 263–265
radioactive, 263
rates, measuring, 266–267

deci (d) prefix, 22
decimal places, significant figures and, 15, 17
deco (D) prefix, 22
decomposition reactions, 116–117
defined quantities, significant figures and, 16
dehydration, 311
delocalized pi electrons, 283
denominator, 11
density

derived units expression, 23
SI units, 29
water, 331

derived units, 23–24
desublimation, 146
diastereomers. See also isomers

conformers, 289
defined, 289
depicting, in Fischer projections, 294–298
geometric isomers, 289–292
rotamers, 289

diffusion, 159
dihydrogen

covalent bond, 68, 69
molecular orbital diagram, 72

Dilution Equation, 322

dilutions, 170–171
dipeptides, 312
dipoles, 75
disaccharides, 311
dissociation

acid constant (Ka), 222, 223, 233
base constant (Kb), 222, 223
defined, 215

dissolved solutes, 164
dividing

with scientific notation, 11–12
significant figures and, 17

DNA nucleotides, 313
double bonds, 69, 283
double replacement reactions, 118
dynamic equilibrium, 152

• E •
effusion, 159
electrodes, 249
electrolysis, 216, 256
electrolytic cells, 256, 257
electromotive force (EMF)

battery, 254, 255
defined, 253
temperature dependence, 255

electron capture, 264
electron dot structures, 65
electronegativity

defined, 66
difference in, 75
elements, 75, 76

electrons
affinity, 52
charges, 34
condensed configurations, 57
configurations, 56–58
delocalized pi, 283
lone pairs, 329
mass, 34
orbitals, 56
oxidation numbers, 239–241
tagging on within bonds, 74–77
valence, 52, 53, 54–56, 69

electrostatic attraction, 66
elements. See also periodic table of elements;

specific elements
atomic radius, 53
balancing, 114
electron affinity, 52
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electronegativities, 75, 76
properties, 51, 52–54
reactivity, 52

EMF. See electromotive force
empirical formulas

calculating, 103–104
defined, 103
molecular formulas and, 105

enantiomers
defined, 289
depicting in Fischer projections, 294–298

endothermic reactions, 206
energy

amount of, 143
battery, 249
difference between reactants and products,

195
formulas, 202
free, 194–195, 323
frequency relationship, 59
ideal gas particle exchange, 151
internal, 201
joules, 59
kinetic, 143, 201
measuring, 59–60
potential, 201, 252, 253
quantum, 59
rates, 191
states, 143–150

enthalpy
calculating, 209
changes, 195, 202, 207, 208
defined, 202

entropy
change, 195
defined, 164
temperature relationship, 165

equilibrium
concentration relationship, 197
constant, 194
constants, 323
defined, 187, 193
factors disrupting, 197–198
free energy relationship, 194–195
measuring, 193–196
perturbed, 197
pressure relationship, 197
temperature relationship, 197

equivalents, 227, 228
error measurement, 14

esters
defined, 304
example, 305
formula, 302, 304

ethers. See also functional groups
defined, 303
example, 304
formula, 302, 303

evaporation, 146, 152
excess reagents, 131
excited states, 59
exothermic reactions, 206–207
exponential notation, 9, 12–13

• F •
first-order rate law, 322
first-order reactions, 189
Fischer projections, 294
fission, nuclear, 37, 268
formula units, 105
free energy. See also energy

change, 195, 323
defined, 194, 323
equilibrium relationship, 194–195

freezing points
calculating, 180–182
change in, 180
defined, 146
depressions, 180
in molecular mass determination, 182–183

functional groups
alcohols, 302, 303
aldehydes, 302, 305
amines, 303, 306
carboxylic acids, 302, 304
defined, 301
esters, 302, 304–305
ethers, 302, 303–304
halocarbons, 303, 306
ketones, 302, 305–306
list of, 302–303

fusion, nuclear, 37, 267

• G •
gamma decay, 264
gamma rays, 264
gas laws

combined, 156–158
Combined Gas Law, 156–158, 321
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gas laws (continued)
Dalton’s Law of Partial Pressures, 158–159, 322
defined, 151
Graham’s Law, 159–160
Ideal Gas Law, 157
obeying, 151–162
volume and temperature relationship, 155–156

gases
carbon dioxide, 202
designation, 44
desublimation, 146
diffusion rates, 159
effusion, 159
ideal, 143–144
matter changes, 33
noble, 51
on periodic table, 43
phase sampling, 44

geometric isomers. See also isomers
alkanes relationship, 290–291
alkenes immunity, 290
alkynes relationship, 291
defined, 289

glucose, 311, 312
gold foil experiment, 35
Graham’s Law, 159–160
gram atomic mass, 99
gram formula mass, 99, 105
gram molecular mass, 99, 105
ground state, 59
groups, 49–52

• H •
half-lives, 266–267
half-reactions

defined, 242
reduction, 253–254

halocarbons, 303, 306
heat

absorbing, 206–207
defined, 203
molar capacity, 203
releasing, 206–207
reverse processes and, 207
specific capacity, 203–204
summing, with Hess’s Law, 208–210

Henderson-Hasselbach equation, 233
Henry’s Constant, 166
Henry’s Law, 166
Hess’s Law, 208–210, 324

hybrid orbitals, 78
hybridization, 78
hybridized orbitals, 329
hydration, 163
hydrocarbons

alkanes, 273
alkenes, 280–281
alkynes, 281
aromatic, 282, 283
cyclic aliphatic, 282–283
defined, 273
pentane’s structure, 274
unsaturated, 280, 281

hydrogen
atomic mass, 102
as not an alkali metal, 327
in periodic table, 90

hypervalent atoms, 328

• I •
icons, this book, 4
Ideal Gas Law, 157
ideal gases. See also gases

characteristics, 151
as fiction, 331
model of, 143–144
volume, 151

immiscible liquids, 164
instantaneous rate, 188
intermolecular forces, 163
internal energy, 201
International System of units. See SI system
ion product constant for water (Kw), 220, 325
ionic compounds

defined, 66
formula, 85
melted/dissolved, 67
naming, 85–87
oxidation numbers in, 239–240
salts, 67

ionic solids, 66, 148
ions

charge indication, 55
defined, 34
electron configurations, 58
flow in salt bridge, 250
formation, 54–55
identifying with compound name, 86
polyatomic, 66, 87–89, 330–331
spectator, 120
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isomers
defined, 289
diastereomers, 289–298
enantiomers, 289, 293–298
stereoisomers, 289
structural, 289

isotopes, 40–41

• J •
joules, 59, 204

• K •
Ka (acid dissociation constant), 222, 223, 233,

325–326
Kb (base dissociation constant), 222, 223,

325–326
Kelvin (K) SI unit, 22
Kelvin scale

absolute zero, 42, 44, 155
defined, 42
using, 155

ketones, 302, 305, 306
kilo (K) prefix, 22
kilogram (Kg) SI unit, 22
kinetic energy. See also energy

defined, 143, 201
gas particles, 143, 144

kinetic theory, 143
Kw (ion product constant for water), 220, 325

• L •
lanthanides, 51
Law of Conservation of Mass, 113
Le Chatelier’s Principle, 197
Lewis acids/bases theory, 217–218
Lewis, Gilbert, 217
Lewis structures

anchor, 69
defined, 68
guidelines, 69–70
illustrated, 70
in molecular shape estimation, 80

ligands, 70, 329
light properties, 59
limiting reagents, 131
liquids

cooling rate, 148
designation, 44
gas solubility in, 166

immiscible, 164
matter changes, 33
miscibility, 164
on periodic table, 43
phase sampling, 44
surface molecules, 146

liter atmosphere, 204
lone pairs, 70, 329
Lowry, Thomas, 216–217

• M •
mass

abbreviation, 176
atomic, 34, 40–42, 102
conversions, 100
molar, 99
molecular, determining, 182–183

mass numbers, 38
mass-mass percent solutions, 168
measurements

accuracy, 14
acidity, 219–221
basicity, 219–221
concentration, 168
decay rates, 266–267
energy, 59–60
equilibrium, 193–196
error, 14
exponential notation for, 9–10, 12–13
percent error, 14
rate, 187–190
reagents, 128
scientific notation for, 9–12
significant figures in, 15–16, 17

melting, 146
melting points

amorphous solids, 148
covalent solids, 148
crystalline solids, 148
defined, 146
ionic solids, 148
molecular solids, 148

meso compounds, 295
metalloids, 51
metals

activity series, 117–118
alkali, 50, 327
alkaline earth, 50
properties, 51
transition, 51, 330
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metathesis reaction, 118
meter (m) SI unit, 22
metric system prefixes, 22
micro (µ) prefix, 22
milli (m) prefix, 22
miscibility, 164
miscible liquids, 164
molality

in boiling point elevations, 178
calculating, 175
defined, 175
molarity versus, 175–176
problem wording, 176

molar heat capacity, 203
molar mass, 99
molarity

abbreviation, 176
calculating, 168, 175
in concentration expression, 170
defined, 168, 175
molality versus, 175–176
titration in calculating, 230–232
units, 168, 187

mole fractions, 176
mole ratio, 176
molecular compounds

defined, 89
formulas, writing, 90
naming, 89–91
prefixes, 90

molecular dipoles, 75
molecular formulas, 105–106
molecular masses, 182–183
molecular orbitals, 72, 73
molecular solids, 148
molecules

chiral, 293
odd number of valence electrons, 328
shaping, 77–81

mole-mass conversion factor, 128
mole-mole conversion factors

from balanced equations, 125–127
defined, 125
in problem-solving flowchart, 128

mole-particle conversion factor, 128
moles

abbreviation, 176
in acids and bases, 228
conversion factor, 97–98
in counting particles, 97–98

defined, 22, 97
mass assignment to, 99–101
ratios, 103
in stoichiometry, 128
volume assignment to, 99–101

mole-volume conversion factor, 128
molten salt, 256
monomers, 311
monosaccharides, 311, 312
multiplying

with scientific notation, 11–12
significant figures and, 17

• N •
nano (n) prefix, 22
natural log, 255
Nernst equation, 254
net ionic equations, 120, 121
neutral solutions, 219
neutralization reactions, 227–228
neutrinos, 264
neutrons, 34, 40
noble gases, 51
nonmetals

electronegative, 66
properties, 51

normality
calculating, 228
defined, 227
multiplied by volume, 229

nuclear chemistry, 263
nuclear fission, 37, 268
nuclear fusion, 37, 267
nucleic acids, 313–314
nucleons, 264
nucleotides, 313, 314
numerator, 11

• O •
octet rule, 327–328
orbitals. See also electrons

anti-bonding, 72
bonding, 72
carbon, 57
combinations, 80
defined, 56
hybrid, 78
hybridized, 329
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molecular, 72–74
rules, 328–329
types of, 56

organic compounds, 273, 332
organization, this book, 2–3
oxidation

electrode, 249
numbers, 239–241
zinc, 250

oxidation-reduction reactions. See redox reactions
oxidizing agents, 240
oxygen

atomic mass, 102
combustion, 118
in combustion reactions, 118
as limiting reagent, 131

• P •
parent chain, 277, 278
parts per billion (ppb), 168
parts per million (ppm), 168
pentane, 274–275
percent decomposition, 102
percent error, 14
percent solutions, 168
percent yield, 133
periodic table of elements

actinides, 51
atomic numbers, 37
defined, 49
element properties, 51
gases, 43
groups, 49–52
illustrated, 50
lanthanides, 51
liquids, 43
metalloids, 51
metals, 50, 51
nonmetals, 51
periods, 49–52
solids, 43

periods, 49–52
pH

calculating, 220
equation, 324
maintaining with buffers, 233–235
pure water, 325
scale, 219

phase diagrams, 146, 147
phase transitions, 146

phases. See also gases; liquids; solids
defined, 42, 146
designations, 44
low-temperature change, 146
moving between, 42–45
plasma, 146
sample of, 44
supercritical fluids, 146

pi bonds, 73
plasma, 146
plum pudding model, 35
pOH

defined, 219
logarithms, 220, 324
pure water, 325

polar solvents, 67
polarity, 75, 164
polyatomic ions. See also ions

balancing, 114
charge, 88
common, 88, 330–331
defined, 66, 87
examples, 66
memorizing, 330
multiple occurrences, 88

polymerization reactions, 311
polymers

carbohydrates, 311–312
defined, 311
nucleic acids, 313–315
proteins, 312–313
types of, 311

polypeptides, 312
polysaccharides, 311
positrons, 264
potential energy, 201, 252, 253
precision, 14, 15–16
pressure

altitude relationship, 152
derived units expression, 23
equilibrium relationship, 197
in phase diagrams, 146, 147
states and, 144
vapor, 152–153
volume relationship, 153–154

pressure-volume work, 202
products

energy difference, 195
reactant equation, 111
reactants ratio, 234
solubility constant, 236
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proteins, 312–313
proton acceptors, 217
proton donors, 217
protons, 34
purines, 313
pyrimidines, 313

• Q •
quantization of angular momentum, 36
quantum mechanics, 36

• R •
radioactive dating, 40, 266
radioactive decay, 263
radioactivity, 40
radioisotopes

amount formula, 266
decay, 263–265
defined, 41
half-lives, 266–267
stability, 263

rate constants, 188
rate laws, 188, 322
rates

defined, 187
determining step, 189
factors affecting, 191–192
for first-order reactions, 189
instantaneous, 188
measuring, 187–190
for second-order reactions, 189
for zero-order reactions, 188

reactants
combination, 116
decomposition, 116–117
equation, 111
limiting reagent, 130
product ratio, 234

reaction orders, 188
reaction progress diagrams, 191
reactions

acid-based, 217
combination, 116
completion, 126
condensation, 311
decomposition, 116–117
double replacement, 118
endothermic, 206

enthalpy changes, 206–207, 208–209
equilibrium constant, 323
equilibrium position of, 193
exothermic, 206–207
favorable, 194, 195
first-order, 189
half, 242
impurities and, 133
instantaneous rate, 188
metathesis, 118
neutralization, 227, 228
quotient, 194
rate laws and, 322
real-life, 130
redox, 239–248
second-order, 189
single replacement, 117–118
unfavorable, 195
zero-order, 188

reagents
excess, 131
limiting, 130, 130–133
measurement, 128

rechargeable batteries, 251
redox reactions

balancing under acidic conditions, 242–243
balancing under basic conditions, 244–245
in batteries, 250
Conservation of Charge principle, 242
Conservation of Mass principle, 242
defined, 239
in electrolytic cells, 256
examples, 239

reducing agents, 240
relative abundance, 41
resonance, 70, 71
RNA nucleotides, 313
rotamers, 289
Rutherford, Ernest, 35

• S •
salt bridges, 250
salts

defined, 235
dissociation in water, 235
formation, 67
molten, 256
saturated solution of, 236
solubility, 235–236
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saturated solutions, 164
scientific notation

coefficients, 10
converting numbers to, 9
defined, 9
dividing in, 11–12
metric system prefixes versus, 22
multiplying in, 11–12
numbers, converting to decimal form, 10

second (s) SI unit, 22
second-order rate law, 322
second-order reactions, 189
SI system

base units, 21–22
derived units, 23–24
unit conversion, 24–28
units as guide, 28–30

sigma bonds, 73
significant figures

arithmetic with, 17–18
defined, 15
measurements with, 15–16, 17
precision with, 15–16
rules, 15–16, 17

single replacement reaction, 117–118
skeleton equations, 113, 114
solid state chemists, 148
solids

amorphous, 148
covalent, 148
crystalline, 148
designation, 44
ionic, 66, 148
matter changes, 33
molecular, 148
on periodic table, 43
phase sampling, 44
sublimation, 146

solubility
altering, with temperature, 165–167
forces, 163–165
polarity in, 164
product constant, 236
salt, 235–236

solutes
in boiling point elevations, 179
concentration, 164
defined, 163
dissolved, 164
gaseous, temperature and, 166

mole ratio, 176
solvated, 163

solutions
buffer, 227
components, 163
concentrated, 168
defined, 163
neutral, 219
particles in, 176
percent, 168
saturated, 164
stock, 170
supersaturated, 163
unsaturated, 164

solvation, 163
solvents

in boiling point elevations, 179
defined, 163

species, 188, 240
specific heat capacity, 203–204
spectator ions, 120
standard cell potentials, 253
standard reduction potentials, 253–254
standard temperature and pressure (STP),

100, 253
state functions, 202
states

kinetic energy and, 143–145
matter movement between, 143
solid, 148–149
temperatures/pressures and, 144
transition, 191

stereo bonds, 290
stereoisomers. See also isomers

defined, 289
diastereomers, 289–298
enantiomers, 293–298

stock solutions, 170
stoichiometric coefficients, 194, 323
stoichiometry, 125, 128
strong force, 35
structural isomers, 289
subatomic particles, 34
sublimation, 146
subscripts, 113
substituents

defined, 276
groups, 278
numbering on aromatics, 283

substitution, 309
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subtraction, 12–13, 17
supercritical fluids, 14
supersaturated solutions, 164
symbols, chemical equation, 112

• T •
temperatures

cell potential variation, 253
EMF dependence, 255
entropy and, 165
equilibrium relationship, 197
in phase diagrams, 146, 147
reaction rates increasing, 191
solubility alteration with, 165–167
states and, 144
vapor pressure dependence, 152
volume relationship, 155

theoretical yield, 133
thermochemistry, 201
thermodynamics, 201
Thomson, J. J., 35
titration

curve, 231, 234
defined, 227, 230
process, 230–231

transition metals, 51, 330
transition states, 191
trigonal planar geometry, 80
triple bonds, 69, 283
triple point, 146

• U •
unit cells, 148
units

base, 21–22
converting between, 24–28
density, 29
derived, 23–24

unsaturated hydrocarbons, 280, 281
unsaturated solutions, 164

• V •
valence electrons

adding, 69
defined, 52
number of, 53
odd number, 328
stability with, 54–56

valence shell electron pair repulsion. See
VSEPR theory

valence shells, 52–53, 70
vapor, 152
vapor pressure, 146, 152
voltage, 251
voltaic cells

defined, 249
illustrated, 251
with metal and gas, 254

volts, 256
volume

conversions, 100
derived units expression, 23
ideal gas volume, 151
mole assignment, 99–100
pressure relationship, 153–154
temperature relationship, 155

VSEPR theory
defined, 77
hybridization with, 78
methane shape, 80
molecular shapes illustration, 79
principle, 78
shape prediction, 78

• W •
water

density, liquid versus ice, 331
ion product constant for, 220
molecules, 67
pH and pOH, 325
salt dissociation in, 235

• Y •
yields, 111, 133

• Z •
zero

absolute, 42, 44, 155
freezing point of water, 44

zero-order rate law, 322
zero-order reactions, 188
zinc, 250, 251
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