Contents

i trstmsor 1x cHapTer2 | Atomic Structure and Periodicity s

To the Student  xiii 2-1 Electromagnetic Radiation 53

2-2 The Nature of Matter 56

REVIEW | Measurement and Calculations CHEMICAL CONNECTIONS Chemistry That Doesn’t Leave

: . You in the Dark 59
in Chemistry 1 ;
2-3 The Atomic Spectrum of Hydrogen 61

CHEMICAL CONNECTIONS Fireworks 62
2-4 The Bohr Model 64

R-1 Units of Measurement 2
CHEMICAL CONNECTIONS Critical Units! 4

R-2 Uncertainty in Measurement 4 CHEMICAL CONNECTIONS 0.035 Femtometer Is a Big
R-3 Significant Figures and Calculations 8 Deal 68
R-4 Learning to Solve Problems Systematically 11 2-5 The Quantum Mechanical Model of the Atom 69
R-5 Dimensional Analysis 12 2-6 Quantum Numbers 72
R-6 Temperature 16 2-7 Orbital Shapes and Energies 73
R-7 Density 19 2-8 Electron Spin and the Pauli Principle 77
R-8 Classification of Matter 20 2-9 Polyelectronic Atoms 77
R-9 Energy 24 2-10 The History of the Periodic Table 79
R-10 The Mole 26 CHEMICAL CONNECTIONS The Chemistry of
For Review 27 - Key Terms 27 - Questions and Copernicium 82
Exercises 27a 2-11 The Aufbau Principle and the Periodic Table 82
2-12 Periodic Trends in Atomic Properties 88
chapter1 | Chemical Foundations 23 2-13 The Properties of a Group: The Alkali Metals 94
CHEMICAL CONNECTIONS Potassium—Too Much
1-1 Chemistry: An Atoms-First Approach 30 of a Good Thing Can Kill You 97
1-2 The Scientific Method 33 For Review 97 - Key Terms 97 - Questions and
CHEMICAL CONNECTIONS A Note-able Achievement 35 Exercises 99

1-3 The Early History of Chemistry 36
1-4 Fundamental Chemical Laws 38
1-5 Dalton’s Atomic Theory 40

CHEMICAL CONNECTIONS Berzelius, Selenium,
and Silicon 41

1-6 Early Experiments to Characterize the Atom 43

The Modern View of Atomic Structure:
An Introduction 46

CONNECTING TO ATOMS Atoms, lons, and Isotopes:
A Pictorial Summary 49

jaia

For Review 50 - Key Terms 50 - Questions and
Exercises 51a

Manex Catalapiedra/Getty Images



iv Contents

cHapTer3 | Bonding: General Concepts 100
3-1 Types of Chemical Bonds 101

CHEMICAL CONNECTIONS No Lead Pencils 103

Electronegativity 106

w W
N

w
B W

lons: Electron Configurations and Sizes 108
Energy Effects in Binary lonic Compounds 112

w
v

Partial lonic Character of Covalent Bonds 115
3-6 The Covalent Chemical Bond: A Model 117

3-7 Covalent Bond Energies and Chemical
Reactions 120

o
o0

The Localized Electron Bonding Model 123

w
0

Lewis Structures 123

CONNECTING TO ATOMS Lewis Structures and the
Periodic Table 128
3-10 Exceptions to the Octet Rule 128
CHEMICAL CONNECTIONS Nitrogen Under Pressure 129
3-11 Resonance 132
3-12 Naming Simple Compounds 137

For Review 148 - Key Terms 148 - Questions and
Exercises 150

cHAPTER4 | Molecular Structure
and Orbitals 151

4-1 Molecular Structure: The VSEPR Model 152

CHEMICAL CONNECTIONS Chemical Structure and
Communication: Semiochemicals 160

CONNECTING TO ATOMS Polar Molecules—It’s All About
Symmetry 165

4-2 Bond Polarity and Dipole Moments 166

Milos Jokic/Getty Images

4-3 Hybridization and the Localized Electron
Model 169

1-4 The Molecular Orbital Model 182
Bonding in Homonuclear Diatomic Molecules 185

Bonding in Heteronuclear Diatomic
Molecules 191

4-7 Combining the Localized Electron and Molecular
Orbital Models 192
CHEMICAL CONNECTIONS What's Hot?” 193

For Review 195 : Key Terms 195 -
Exercises 197

Questions and

[ i Rl A et el s
>Ltoicniometry 198

CHAPTER5

5-1 Counting by Weighing 199
Atomic Masses 200
Learning to Solve Problems 203
5-4 The Mole 204
5-5 Molar Mass 209
5-6 Percent Composition of Compounds 212
5-7 Determining the Formula of a Compound 213
5-8 Chemical Equations 220
5-9 Balancing Chemical Equations 222

5-10 Stoichiometric Calculations: Amounts of Reactants
and Products 225

5-11 The Concept of Limiting Reactant 230

For Review 239 - Key Terms 239 - Questions and
Exercises 240a

cuapters | Types of Chemical Reactions
and Solution Stoichiometry 241
6-1 Water, the Common Solvent 242

6-2 The Nature of Aqueous Solutions: Strong and
Weak Electrolytes 244

CHEMICAL CONNECTIONS Arrhenius: A Man with
Solutions 247

@)

The Composition of Solutions 248

¢

6-4 Types of Chemical Reactions 255

5-5 Precipitation Reactions 255

6-6 Describing Reactions in Solution 261

6-7 Stoichiometry of Precipitation Reactions 262
Acid-Base Reactions 265

(@)
(o]

6-9 Oxidation-Reduction Reactions 272
6-10 Balancing Oxidation-Reduction Equations 277

For Review 279 -
Exercises 281

Key Terms 279 - Questions and




cuapter7 | Chemical Energy

r-1
i

7-2

7.3

7-6

HAPTER 8 | Gases

8-1
8-2
8-3
8-4

8-5

8-6
8-7
8-8
8-9

cHAPTER9 | Liquids and Solids

9-1
9-2
9-3

=

282
The Nature of Chemical Energy 283
Enthalpy 290
Calorimetry 291

CHEMICAL CONNECTIONS Nature Has Hot Plants

CHEMICAL CONNECTIONS Firewalking: Magic or
Science?: <295

Hess's Law

293

298
Standard Enthalpies of Formation
308

301
Present Sources of Energy
New Energy Sources 311
CHEMICAL CONNECTIONS Veggie Gasoline? 316

For Review 317 : Key Terms 317 - Questions and
Exercises 318

319

320

The Gas Laws of Boyle, Charles, and Avogadro 322
The Ideal Gas Law 328

Gas Stoichiometry 333

CHEMICAL CONNECTIONS High Mountains—
Low Octane 334

Pressure

Dalton’s Law of Partial Pressures 338
CHEMICAL CONNECTIONS Separating Gases 340
CHEMICAL CONNECTIONS The Chemistry of Air

Bags 344

The Kinetic Molecular Theory of Gases 344
Effusion and Diffusion 352

Real Gases 354

Characteristics of Several Real Gases 356

Chemistry in the Atmosphere 357

For Review 360 - Key Terms 360 - Questions and
Exercises 362

363

Intermolecular Forces 365
The Liquid State 368

An Introduction to Structures and Types of

Solids 370
CHEMICAL CONNECTIONS Smart Fluids 373
Structure and Bonding in Metals 375

CHEMICAL CONNECTIONS Closest Packing of
M&Ms 379

Carbon and Silicon: Network Atomic Solids

CHEMICAL CONNECTIONS Graphene—Miracle
Substance? 382

381

Mark Mawson/Stone/Getty Images

9-6
9-7
9-8

9-9
9-10

cHapTer10 | Properties of Solutions

10-1
10-2
10-3
10-4

10-5

10-6

10-7

10-8

Contents

Molecular Solids
390

The Various Forces in Substances: Summary and
Comparison 393

CONNECTING TO ATOMS Intermolecular Forces, Physical
Properties, and Real Gases 394

Vapor Pressure and Changes of State
Phase Diagrams 404

CHEMICAL CONNECTIONS Making Diamonds at Low
Pressures: Fooling Mother Nature 406

389
lonic Solids

396

For Review 409 - Key Terms 409 - Questions and
Exercises 412

413

Solution Composition 414

The Energies of Solution Formation 417

Factors Affecting Solubility 420

The Vapor Pressures of Solutions 424

CHEMICAL CONNECTIONS The Lake Nyos Tragedy 425
Boiling-Point Elevation and Freezing-Point
Depression 430

Osmotic Pressure 434

Colligative Properties of Electrolyte Solutions 438

CHEMICAL CONNECTIONS The Drink of Champions—
Water 440

Colloids 441

CHEMICAL CONNECTIONS Organisms and Ice
Formation 443

For Review 443 - Key Terms 443 - Questions and
Exercises 445a

Vv



vi Contents

cHaptern | Chemical Kinetics 446

11-1 Reaction Rates 449

11-2 Rate Laws: An Introduction 451

11-3 Determining the Form of the Rate Law 453
11-4 The Integrated Rate Law 457

11-5 Reaction Mechanisms 468

11-6 A Model for Chemical Kinetics 471

11-7 Catalysis 477

CHEMICAL CONNECTIONS Enzymes: Nature’s
Catalysts 480

CONNECTING TO ATOMS Zero-, First-, and Second-Order
Reactions and the Collision Model 484

For Review 485 - Key Terms 485 - Questions and
Exercises 487

cuarter2 | Chemical Equilibrium  4ss

12-1 The Equilibrium Condition 489

12-2 The Equilibrium Constant 492

12-3 Equilibrium Expressions Involving Pressures 496
12-4 Heterogeneous Equilibria 499

12-5 Applications of the Equilibrium Constant 501
12-6 Solving Equilibrium Problems 510

12-7 Le Chatelier’s Principle 515

CONNECTING TO ATOMS The Difference Between
Equilibrium Constant and Equilibrium Condition 522

For Review 523 - Key Terms 523 - Questions and
Exercises 524a

cHapTer13 | Acids and Bases 525

13-1 The Nature of Acids and Bases 526
13-2 Acid Strength 529

mitzy/Shutterstock.com

13-3 The pH Scale 534

CHEMICAL CONNECTIONS Arnold Beckman, Man of
Science 536

13-4 Calculating the pH of Strong Acid Solutions 538
13-5 Calculating the pH of Weak Acid Solutions 539
13-6 Bases 548

CHEMICAL CONNECTIONS Amines 552
13-7 Polyprotic Acids 554
13-8 Acid-Base Properties of Salts 559

13-9 The Effect of Structure on Acid-Base
Properties 564

13-10 Acid-Base Properties of Oxides 566
13-11 The Lewis Acid-Base Model 567

13-12 Strategy for Solving Acid—Base Problems:
A Summary 569

CONNECTING TO ATOMS Understanding Various Models
of Acids and Bases 570

For Review 571 - Key Terms 571 - Questions and
Exercises 575

cuapter14 | Acid-Base Equilibria 576
14-1 Solutions of Acids or Bases Containing a Common
lon 577
14-2 Buffered Solutions 580
14-3 Buffering Capacity 589
14-4 Titrations and pH Curves 592
14-5 Acid-Base Indicators 607

For Review 613 - Key Terms 613 - Questions and
Exercises 614a

cuapters | Solubility and Complex lon
Equilibria 615
15-1 Solubility Equilibria and the Solubility
Product 616
CHEMICAL CONNECTIONS The Chemistry of Teeth 620
15-2 Precipitation and Qualitative Analysis 625
15-3 Equilibria Involving Complex lons 631

For Review 636 - Key Terms 636 + Questions and
Exercises 637

cHAPTER16 | Spontaneity, Entropy, and
Free Energy 638

16-1 Spontaneous Processes and Entropy 639

CHEMICAL CONNECTIONS Entropy: An Organizing
Force? 645

16-2 Entropy and the Second Law of
Thermodynamics 645

R P NI At S R—



16-3
16-4
16-5
16-6

16-7
16-8
16-9

The Effect of Temperature on Spontaneity 646
Free Energy 649

Entropy Changes in Chemical Reactions
Free Energy and Chemical Reactions 656

CONNECTING TO ATOMS Entropy and Positional
Probability 658

The Dependence of Free Energy on Pressure 662
Free Energy and Equilibrium 665
Free Energy and Work 669

For Review 672 - Key Terms 672 - Questions and
Exercises 674

652

cuapter | Electrochemistry 675

171

R l~2

37-3

17-4

17-5

17-6

17-7
17-8

a7-9

Balancing Oxidation-Reduction Equations
Galvanic Cells 682
Standard Reduction Potentials 685

Cell Potential, Electrical Work, and Free
Energy 692

676

Dependence of Cell Potential on
Concentration 695

Batteries 701

CHEMICAL CONNECTIONS Fuel Cells—Portable
Energy 704

Corrosion 704
Electrolysis 707

CHEMICAL CONNECTIONS The Chemistry of Sunken
Treasure 710

Commercial Electrolytic Processes 712

For Review 717 - Key Terms 717 - Questions and
Exercises 720

cuapteris | The Nucleus: A Chemist’s

18-1

18-2

18-3

18-4

18-5

18-6

18-7

View 721
Nuclear Stability and Radioactive Decay 722
The Kinetics of Radioactive Decay 727

CONNECTING TO ATOMS Radioactive Decay
Processes 728

Nuclear Transformations 730

CHEMICAL CONNECTIONS Element 117 733
Detection and Uses of Radioactivity 734
Thermodynamic Stability of the Nucleus 738
Nuclear Fission and Nuclear Fusion 741
CHEMICAL CONNECTIONS Future Nuclear Power
Effects of Radiation 746

For Review 748 - Key Terms 748 - Questions and
Exercises 750

743

Contents

vii

cHapter19 | The Representative Elements 751

191
19-2
19-3
19-4
19-5
19-6

19-7
19-8

19:9
19-10
19-11
19-12
19-13
19-14

A Survey of the Representative Elements 752
The Group 1A (1) Elements 757

The Chemistry of Hydrogen 758

The Group 2A (2) Elements 760

The Group 3A (13) Elements 762

The Group 4A (14) Elements 763

CHEMICAL CONNECTIONS Beethoven: Hair Is the
Story 765

The Group 5A (15) Elements 766
The Chemistry of Nitrogen 767

CHEMICAL CONNECTIONS Nitrous Oxide: Laughing Gas
That Propels Whipped Cream and Cars 773

The Chemistry of Phosphorus 774
The Group 6A (16) Elements 776
The Chemistry of Oxygen 777
The Chemistry of Sulfur 778

The Group 7A (17) Elements 781
The Group 8A (18) Elements 785

For Review 786 - Key Terms 786 - Questions and
Exercises 789a

cHAPTER20 | Transition Metals and

20-1
20-2

20-3
20-4

20-5

20-6

20-7

20-8

Coordination Chemistry 790

The Transition Metals: A Survey 791
The First-Row Transition Metals 796

CHEMICAL CONNECTIONS Titanium Dioxide—Miracle
Coating 798

Coordination Compounds 801
Isomerism 805

CHEMICAL CONNECTIONS The Importance of
Beingcis 808

Bonding in Complex lons: The Localized Electron
Model 810
The Crystal Field Model 812

CHEMICAL CONNECTIONS Transition Metal lons Lend
Color to Gems 815

The Biological Importance of Coordination
Complexes 818

Metallurgy and Iron and Steel Production 822

For Review 830 - Key Terms 830 - Questions and
Exercises 832a



viii

Contents

chapter21 | Organic and Biological

L=t

212
21-3
21-4
21-5

21-6

Molecules 833

Alkanes: Saturated Hydrocarbons 834

CONNECTING TO ATOMS Structural Representations
of Organic Molecules 836

Alkenes and Alkynes 843
Aromatic Hydrocarbons
Hydrocarbon Derivatives
Polymers 855

CHEMICAL CONNECTIONS Wallace Hume Carothers
CHEMICAL CONNECTIONS Super-Slippery Slope 857
Natural Polymers 863

CHEMICAL CONNECTIONS Tanning in the Shade 877

For Review 878 - Key Terms 878 - Questions and
Exercises 881

846
848

856

appenpix1 | Mathematical Procedures

appenpix2 | The Quantitative Kinetic
Molecular Model a13

appenpix3 | Spectral Analysis a6

arpenpix4 | Selected Thermodynamic
Data A1

appenpixs | Equilibrium Constants and
Reduction Potentials a2

appenpixe | S| Units and Conversion
Factors az2s

Glossary A26
Answers to Selected Exercises A38

Index A71

Al



