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Bisulfite ion, 86

Blood, as heterogeneous

mixture, 66

Bohr, Niels, 4, 214

Bohr atom, 214-216
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222-225
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composition from,
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84-86
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81-83

Chemical properties, 61-

62, 73, 76, 79, 225-226,

228

Chemical nomenclature,

See Naming chemical

compounds

Chemistry, 2-4, 61

Chlorate ion, 86

Chloride ion, 75, 86, 180-

182

Chlorine, 63

as diatomic molecule,
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mass percent in NaCl,

156

reaction with KI, 125

reaction with Na, 121

Zeff for valence

electrons in, 227

Chlorite ion, 86

Chromate ion, 86

Chromium, 63

Chromium(II) ion, 85

Chromium(III) ion, 85
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Cobalt(II) ion, 85

Cobalt(III) ion, 85

Combination reactions,

120-121

Combustion reactions,

122-124

Concentrated solutions,

178

dilution of, 194-195

Concentration, of

solutions, 185
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189

Conservation of energy,

See First law of

thermodynamics

Conservation of mass, 4,

115

Conservation of mass and

energy, 115

Control experiment, 18-

19

Copper, 63, 73, 177-179

isotopes of, 138-140

line spectrum of, 214

specific heat of, 114

Copper(I) ion, 85

Copper(II) ion, 85

Core electrons, 223
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Coulomb, 69

Coulomb, Charles-

Augustin de, 4, 68

Coulomb’s law, 68, 226

Covalent bonds, 87-88,

180-181, 207

Crick, Francis, 88-89

Cubic centimeter,

relation to milliliter, 43

D
d sublevels, 217, 219-

220, 223-225

Dalton, 137

Dalton, John, 4, 136

de Broglie, Louis, 216

Decomposition reactions,

121-122

Democritus, 4

Density, 35, 44-46, 52,

108, 185, 192, 211

as a conversion factor,

54

Deionized water, 44

Delta function, 112

Dependent variables, 23-

25

Diatomic elemental

forms, 74, 117, 181

Diatomic molecules, 74,

117, 181

Dichromate ion, 86

Dilute solution, 177

Dilution, 194-195

Dilution equation, 194-

195

Dimensional analysis, 40

Directly proportional, 23-

24, 112-113

Division, significant

figures in, 50-51

Double displacement

reactions, 125-126, 199

Double helix structure of

DNA, 88

E
Effective nuclear charge,

226-227

Einstein, Albert, 115,

212-213

Electric charge, 67-69,

75, 118, 178, 181-182

Electrical conductivity,

90, 178-180

circuit for measuring,

179

Electrolytes, 182-183

Electromagnetic

radiation, 208-213, 215,

219

spectrum of, 208

Electrons, 68-71, 139,

178, 208, 211

configuration in atoms,

214-225

core, 223

covalent bonding and,

87, 180-181, 183

element properties and,

225-228

energy levels of, 214-

220

excited state of, 219

ground state of, 219

ions and, 75-76, 84

mass of, 69, 137

periodic table and, 222-

225

photoelectric effect

and, 212-213

relative electric charge

of, 69

spin and, 217

valence, 222-223, 225

wave-particle duality

of, 216

Electron configurations,

shorthand notation, 219

Electrostatic force of

attraction/repulsion, 4,

68-69, 79, 87, 108,

126-127, 178, 180-

181, 183, 226

Elements, See Chemical

 elements
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Emission spectrum, See

Atomic emission

spectrum

Endothermic changes,

109-112, 116

Energy, 105-106

chemical changes and,

115-116, 122

conservation of, 107

conservation of mass

and, 115

equivalence of mass

and, 115

forms of, 105, 107

photon, 212

physical changes and,

108-112, 114

specific heat and, 113-

114

units of, 107

Exact numbers,

significant figures of,

48

Excited state, 219

Exothermic changes, 110,

112, 116, 122

Experimental variables,

19

Experimentation, 4, 11-

12

F
f sublevels, 217, 219-220,

223-224

Fahrenheit temperature

scale, 45

Families of elements, 73

First law of

thermodynamics, 107

Fluoride ion, 86

Fluorine, 63

as diatomic molecule,

74

Formulas, See Chemical

 formulas

Formula unit, 81, 149,

158

molar mass and, 147

Fractional abundance of

isotopes, 140

Frequency,

electron energy change

and, 215

photon energy and,

212

photoelectric effect

and, 212-213

relation to wavelength,

211

waves and, 210-213

Fringe ideas in science,

10

Frontiers of science, 10

G
Gallon, relation to liter,

44

Gamma radiation, 208-

209

Gases, 22-24, 33, 65, 73,

89-90, 95, 122

general properties of,

108-109

ideal gas, 22, 25-26

Germanium, 73

Giga- prefix, 37

Glassware, volume

measurements and,

42-43, 187, 195-196

Gold, 4, 63, 65, 73, 136-

139

specific heat of, 114

Graduated cylinder, 42-

43

Gram, 42, 54, 107, 114,

134, 142, 147

relation to pound, 44 

Ground state, 219

Groups of elements,

periodic table and, 71-

73, 76-77, 225, 228

H
Halogens, 73, 215

as diatomic molecules,

74

Heat, 73, 107

in chemical and

physical changes,

108-110, 112, 115-

116

quantitative

measurement of, 113-

114

Helium, 63

Hertz, 210

Hertz, Heinrich, 212

Heterogeneous mixtures,

65-66

Homogeneous mixtures,

65, 67, 177

Hydrobromic acid,

reaction with LiOH,

125
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reaction with NaOH,

199

Hydrocarbons, 122, 183-

184

Hydrochloric acid, 93, 95

reaction with (NH4)2S,

126

reaction with Zn, 125,

158

Hydrogen, 57, 61, 63, 71,

73, 76, 85, 87-88, 90,

93, 95, 116-117, 120,

122, 125, 136, 158,

180-181, 207, 215, 228

as diatomic molecule,

74

reaction with N2, 121

Hydrogen carbonate ion,

86

Hydrogen chloride, 95

Hydrogen ion, 76, 85, 89,

96, 180, 183, 199

Hydrogen peroxide, 63

Hydrogen phosphate ion,

86

Hydrogen sulfate ion, 86

Hydrogen sulfite ion, 86

Hydroxide ion, 86, 199

compound solubility

and, 127

Hypochlorite ion, 86

Hypotheses, scientific

method and, 11-14, 35,

46, 52, 216

I
Ideal gas, 22, 25-26

Ideal gas equation, 22-23,

25

Infrared radiation, 209

Inch, 37-39, 47-48

relation to centimeter,

44, 48

Independent variables,

23-25

Insoluble substances,

126-127, 182

International system of

units (SI), 36

Inversely proportional,

25, 113-114, 211

Iodide ion, 86

Iodine, 63, 125

as diatomic molecule,

74

Ionic bonds, 79

Ionic compounds,

naming of, 81-84, 98

properties of, 79-80, 90

solubility of, 126-127,

183

writing formulas of, 81,

83-84

Ions, 75, 79-80

anions, 75-76, 86

B group monatomic,

77-78, 85

cations, 75, 85

formation of, 75-76

naming of, 75, 77-78,

85, 86

polyatomic, 84, 86

predicting charge of

monatomic, 76

Iron, 63

rusting of, 64

specific heat of, 114

Iron(II) ion, 78, 85

Iron(II) phosphate, 84

Iron(III) ion, 78, 85

Isotopes, 138-141

fractional abundance

of, 139-140

notation for, 71

J
Joule, 107

heat measurement and,

113

relation to calorie, 107

K
Kelvin temperature scale,

46

Kilo- prefix, 37

Kilogram, 42

Kinetic energy, 105-108

L
Lambda, 209

Lanthanides, 223-224

Lavoisier, Antoine, 4,

115

Law of conservation of

mass, 115

Law of conservation of

mass and energy, 4,

115

Law of constant

composition, 78, 156

Lead, 4, 16, 63

Lead(II) ion, 85

Length, SI unit of, 36

Light, 107, 115, 213

photons and, 212

speed of, 211
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visible, 208-209

wave-particle duality

of, 213

“Like dissolves like”,

183

Limiting reactant,167-

169, 172

relation to theoretical

yield, 167, 172

Linear graphs, See

Straight line graphs

Line spectrum, 213-214

Liquids, 33, 43-44, 65,

89-90, 95, 122, 177,

185

calibrated labware for

measuring, 42-43,

187, 195-196

changes of state and,

108-112

general properties of,

90, 108-109

Liter, 43, 189

molarity and, 187

relation to gallon, 44

Lithium, 63

reaction with H2O, 125

Lithium hydroxide,

reaction with HBr,

125

M
Macroscopic properties

of solids, liquids and

gases, 108-109

Magnesium, 63

Magnesium ion, 85

Main group elements, 73

Manganese, 63

Manganese(II) ion, 85

Margulis, Lynn, 17

Marshall, Barry, 17

Mass, 44-45, 61, 113,

136

conservation of, 4, 115

equivalence of energy

and, 115

measurement of, 42,

134-135

relation to weight, 10

SI units of, 42

Mass number, 70-71, 139

Mass percent,

compounds and, 155-

157, 162

solutes and, 185-186,

192

Mass spectrometry, 136,

138

Mass-to-mass

calculations, 162, 165

Mass-to-mole

calculations, 149-152,

162-164

Mass-to volume

calculations, 54, 193

Matter, 4, 10, 61, 69, 216

basic classification of,

62

expanded classification

of, 66

physical states of, 65,

90, 95, 108-109, 117,

177

McClintock, Barbara, 16-

17

Measurements, 24, 35,

37, 47, 50, 52

Mechanical pipet, 195-

196

Mechanical work, 106

Mega- prefix, 37

Mendeleev, Dmitri, 4, 71

Mercury, 63, 73, 121

Mercury(I) ion, 85

Mercury(II) ion, 85

Mercury(II) oxide,

decomposition of, 121

Metalloids, 72-73, 141

Metals, 4, 16, 76-77, 79-

80, 87, 90, 98, 125,

212-213, 226-227

periodic table and, 72,

141

properties of, 73, 76,

178

Meter, 36

Methane, 123

ball-and-stick model

of, 88

space-filling model of,

88

Micro- prefix, 37

Microscopic properties

of solids, liquids and

gases, 108-109

Microwave radiation,

208-209

Milli- prefix, 37

Milliliter,

relation to cubic

centimeter, 43

Mixtures, 65-67

heterogeneous, 65

homogeneous, 65, 177

Modern atomic theory, 4

Bohr atom, 213-215
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electromagnetic

radiation and, 208-

213

electron configuration

of first eighteen

elements, 222

electron energy levels

and, 219-225

quantum mechanical

model, 216-225

Molar mass, 142-148,

162, 188

as conversion factor,

143, 162

determination of, 147-

152

Molarity, 187-194, 197-

198, 200

preparing a solution

with a specific, 188

Mole, 142-144, 147, 149,

153, 159, 169, 187-189,

194, 197-198

Mole ratio, 159, 162

Mole-to-mass

calculations, 149-152,

162-164

Mole-to mole

calculations, 158-162

Mole-to-volume,

calculations, 191, 193,

197-198, 200

Molecular compounds,

79-80, 87-98, 122, 136,

142-143, 149, 162, 181,

216

Molecules, 74, 87-90,

114

Monatomic ions, 75-76

Multiplication,

significant figures in,

50-51

N
Naming chemical

compounds,

binary acids, 93-94,

98

binary molecular 

compounds, 90-92,

   98

ionic compounds, 81-

83, 98

oxoacids, 95-96, 98

Nano- prefix, 37

Neon, 63

Neutralization reactions,

199

Neutron, 68, 70-71, 139

determining number in

an atom, 70

mass of, 69, 137

relative electric charge

of, 69

Newton, Sir Isaac, 13

Nickel, 63, 65, 184

Nickel ion, 85

Nitrate ion, 86

compound solubility

and, 126

Nitric acid, solution

conductivity of, 183

Nitrite ion, 86

Nitrogen, 63, 73, 121,

180

as diatomic molecule,

74

Noble gases, 73

Nonelectrolytes, 183

Nonmetals, 79-80, 87,

90-91, 93, 95, 141,

226-227

periodic table and, 72,

141

properties of, 73-74, 76

Nonpolar molecules, 181,

183-184

Nuclear atom, 214-221

Nuclear force, 70

Nucleus (atom), 68-70,

214-218, 223, 226-227

Numerical problem-

solving strategies, 53-

55, 143

O
Observations, 11-16, 35

Orbitals,

atomic, 217-218

electron spin and, 217

orbital filling pattern,

220-225

p orbitals, 218, 223

s orbitals, 218, 223

Oxalate ion, 86

Oxide ion, 86

Oxoacids, general

formula of, 95

naming of, 96, 98

Oxygen, 63-64, 73, 88,

90, 95, 116-117, 121-

123, 153, 180-181, 207

as diatomic molecule,

74
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P
p orbitals, 218

p sublevels, 217-218,

220, 223-225

Parallel electron spins,

217

Partial charges in polar

molecules, 181

Pattern recognition, 21-

22

Percent, 155

Perchlorate ion, 86

Periodic table, 4, 22, 71-

73, 76, 140-141

actinide series and,

223-224

alkali metals and, 73

alkaline earth metals

and, 73

element arrangement

by sublevel filling,

223-225

groups of elements and,

71, 73

halogens and, 73

lanthanide series and,

223-224

main group elements

and, 73

metalloids and, 73

metals and, 73

noble gases and, 73

nonmetals and, 73

periods of elements

and, 71, 223-224

transition elements and,

73

valence electron

configurations and,

224

Periods of elements, 71,

223-224

Permanganate ion, 86

Peroxide ion, 86

Phases of matter,

properties of, 22, 65,

108-109

Phase changes, energy

and, 108-109, 112

Phosphate ion, 86

Phosphorus, 63

Photoelectric effect, 212-

213

Photon, 212-213

Physical changes, 64, 70,

107-112

Physical properties, 61

Physical states of matter,

65, 90, 95, 108-109,

117, 177

Pico- prefix, 37

Pipet,

mechanical, 195-196

transfer, 195-196

Planck, Max, 212

Planck’s constant, 212

Platinum, 63

Polar molecules, 181-184

Polyatomic ions, 84-86

dissolving process and,

182

naming of, 85-86

Potential energy, 105-107

Pound, relation to gram,

44

Powers of ten prefixes,

36-37

Precipitates, 126-127

Predictions, 11, 18, 22,

35

Pressure (gas),

direct proportionality

with temperature,

23-25

inverse relationship

with volume, 25-26

Principal quantum

number, 215-217, 225

Problem-solving skills,

developing, 53-57

Products, 109, 115-118,

120-123, 126, 158-159,

162, 166-169, 172, 197,

199

Propane, 87

Protons, 68-71, 207-208

determining number in

an atom, 70

mass of, 69, 137

relative electric charge

of, 69

Prusiner, Stanley, 17

Pseudoscience, 18-20

Pure substances, 44, 62-

63, 65-67, 78, 90, 114

distinguishing mixtures

from, 65

Q
Qualitative results, 22

Quantitative composition

of compounds,

mass percent, 155-

157, 162, 185-186
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molar mass, 142-148,

162, 188

the mole and, 142-

143 

Quantitative results, 22,

 49, 52

Quantized energy, 214,

217

Quantum mechanics, 216

R
Radiation,

electromagnetic, 208-

211

Radio waves, 209

Reactants, 109, 115-116,

158-159, 166-167, 172

Relative energy diagram,

110-112, 219-220

Rounding off, 49-50

Rubidium, 63

Rutherford, Ernest, 4-5,

214

S
s orbitals, 218

s sublevels, 217-218,

220, 223-225

Salts, 79, 181-182, 199-

200

Scaled units, 37

interconversion with

base units, 37-40

Schrödinger, Erwin, 216

Scientific approach to

problem solving, 53-57

Scientific laws, 15, 21-22

Scientific method, 11-14,

15-17, 35

experiments and, 11-12

hypotheses and, 11-14,

15-17, 35

observations and, 11-

16, 35

scientific law and, 15,

21-22

theories and, 10-12, 15,

17

Scientific notation, 38

calculations and, A.4-

A.5

converting a number to,

A.1-A.2

significant figures and,

49

writing a decimal

number from, A.3

Scientific rule, 15

Scientific principle, 15

Scientific theories, 10-12,

15, 17

Semiconductors, 73

SI units,

conversions involving,

37-41

relation to U.S. units,

44

scaling factors for, 37

Significant figures, 46-

49, 52

addition/subtraction

and, 51

in calculations, 49

in exact numbers, 48

multiplication/division

and, 50-51

rounding off and, 49-50

rules for counting, 48

Silicon, 63, 73

Silver, 63, 177

Silver ion, 85

Single displacement

reactions, 125

Slope of the line, 26-27

Sodium, 63, 121, 138,

227

Sodium chloride, 63, 78-

81, 121, 126, 178, 180-

182

mass percent

composition of, 156

Sodium hydroxide, 199

Sodium ion, 85, 180-182

Solubility guidelines, 122

Soluble substances, 126-

127, 182-183

Solutes, 177-178, 183-

185, 187-189, 194

Solution maps, 40, 53,

55, 144

for stoichiometric

calculations, 162

Solutions,

concentrated solutions,

178

concentration of, 185-

190

dilute solutions, 177

dilution calculations,

194-195

general properties of,

177-178

as reaction medium,

178
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Solvents, 177, 183-184

Space-filling models, 88

Specific heat, 113-115

Speed of light, 211

States of matter, 65, 90,

95, 108-109, 117, 177

Stoichiometry, 158-165,

197-198

Strontium, 63

Strontium ion, 85

Straight line equation,

26-27

Straight line graphs, 24-

27

Subatomic particles,

electrons, 68-71

general arrangement of,

68-70

neutrons, 68, 70-71

protons, 68-71

Sublevels of electron

energy, 217-219, 224

Sublimation, 112

Subscripts, chemical

 formulas and, 74, 78-

79, 98

Sucrose, combustion

reaction of, 122-123

Sulfate ion, 86

compound solubility

and, 127

Sulfide ion, 75, 86

Sulfite ion, 86

Sulfur, 63, 225

Symbols of common

elements, 63

Synthesis reactions, 120

T
Temperature, 107-108,

113-114, 185, 188

direct proportionality

with gas pressure, 23-

25

scales, 23-25

Tera- prefix, 37

Theoretical yield, 166-

170, 172

Theory, scientific method

and, 10-12, 15, 17

Thomson, J. J., 4, 208

Tin, 63

Tin(II) ion, 85

Titanium, 63

Transition elements, 73

U
Ultraviolet radiation,

208-209

Uncertainty,

measurements and, 48

Unit conversions, 37, 40-

41, 54

Units, importance of, 35-

36

V
Valence electrons, 222-

223, 225-227

van’t Hoff, Jacobus H.,

17

Visible light, 208-209

Volume, measurements,

42-43, 187, 195-196

Volume (gas), inverse

relationship with

pressure, 25-26

Volume-to mass

calculations, 54, 193

Volume-to-mole

calculations, 191, 193,

197-198, 200

Volumetric flasks, 187

W
Water, 4, 33-34, 65, 78-

79, 107, 116, 121-123,

125, 153, 199-200

ball-and-stick model

of, 88

density of, 45

partial charges in, 180

as a solvent, 80, 89-90,

93, 95, 126-127, 179-

177, 188, 199

space-filling model of,

88

specific heat of, 114

Watson, James, 88-89

Wavelength,

relation to frequency,

211

waves and, 209-211

Wave-particle duality,

213, 216

Wegener, Alfred, 17

Weight, relation to mass,

10

Weighted average, 140

Word equation, 116
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X
x-axis, 24-25

x-rays, 208-209

x-y scatter plot, 24-28

Y
y-axis, 24-25

y-axis intercept, 26-27

yield calculations, 166-

172

Z
Zinc, 63, 177

reaction with

hydrochloric acid,

125, 158

Zinc chloride, 125, 158

Zinc ion, 75, 85


