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Preface

Introduction to Chemical Principles is a text for students who have had little or no
previous instruction in chemistry or who had such instruction long enough ago that
a thorough review is needed. The text’s purpose is to give students the background
(and confidence) needed for a subsequent successful encounter with a main se-
quence college level general chemistry course.

Many texts written for preparatory chemistry courses are simply “watered down”
versions of general chemistry texts; they treat almost all topics found in the general
chemistry course, but at a superficial level. Introduction to Chemical Principles does not
fit this mold. The author’s philosophy is that it is better to treat fewer topics exten-
sively and have the student understand those topics in greater depth. The very real
temptation to include “lots and lots” of additional concepts in this new edition of the
text was resisted. Instead the focus for the revision was on rewriting selected por-
tions to improve the clarity of presentation.

Important Features of This Textbook

1. Because of the varied degrees of understanding of chemical principles pos-
sessed by students taking a preparatory chemistry course, development of each
topic in this text starts at “ground level” and continues step by step until the
level of sophistication required for a further chemistry course is attained.

2. Problem solving receives major emphasis. Over twenty years of teaching expe-
rience indicate to the author that student “troubles” in general chemistry
courses are almost always centered in the inability to set up and solve prob-
lems. Whenever possible, dimensional analysis is used in problem solving. This
method, which requires no mathematics beyond arithmetic and elementary
algebra, is a powerful and widely applicable problem-solving tool. Most impor-
tant, it is a method that an average student can master with an average
amount of diligence. Mastering dimensional analysis also helps build the confi-
dence that is so valuable for future chemistry courses.

3. Significant figure concepts are emphasized in all problem-solving situations.

v



V1 Preface

Routinely, electronic calculators display answers that contain more digits than
are needed or acceptable. In all worked-out examples, students are reminded
about these “unneeded digits” by the appearance of two answers to the exam-
ple: the calculator answer (which does not take into account significant fig-
ures) and, in color, the correct answer (which is the calculator answer adjusted
to the correct number of significant figures).

4. Numerous worked-out example problems are found within the textual mate-
rial with detailed commentary accompanying each such example. In addition
an unworked practice exercise is coupled to each example. It is intended that
students will work this exercise immediately after “working through” the ex-
ample. For immediate feedback, the answer to each practice exercise follows
the exercise.

5. All end-of-chapter exercises occur in “matched pairs”. In essence, each chap-
ter has two independent, but similar, problem sets. Counting subparts to prob-
lems, there are over 5000 questions and problems available for a student to
use in his or her “struggle” to become proficient at problem solving. Answers
to all of the odd-number problems are found at the end of the text. Thus, two
problem sets exist, one with answers and one without answers.

6. Each end-of-chapter problem set, except for Chapters 1 and 2, is divided into
four sections: (1) Practice Problems, (2) Additional Problems, (3) Cumulative
Problems, and (4) Grid Problems. The practice problems are categorized by
topic and are arranged in the same sequence as the chapter’s textual material.
These problems, which are always single-concept, are “drill” problems which
most students will find “routine”. The additional problem section contains
problems that involve more than one concept from the chapter and are usu-
ally more difficult than the practice problems. The cumulative-skills section
draws not only on materials from the current chapter but also on concepts
discussed in previous chapters. The working of problems in this third group
allows students to continue to use, rather than forget, problem-solving tech-
niques presented earlier. Finally, each chapter ends with four grid problems.
Here students apply the principles from the chapter in a setting where multi-
ple concepts are examined at the same time. Answers are selected from a
three-by-three grid of choices; most often multiple answers are correct.

Supplements

A Student Solutions Manual has been prepared to accompany this text, and an
Instructor’s Resource Manual with Test Bank is available to adopters.

Acknowledgments

As always, the valuable contributions of reviewers are gratefully acknowledged:
Paul E. Jacobson, Tacoma Community College; L. A. Kuprenas, California State
University, Long Beach; and George Schenk, Wayne State University.

H. S. S.




Contents

CHAPTER ONE

The Science of Chemistry 1
1.1  Chemistry—A Scientific Discipline 1
1.2 Scientific Disciplines and Technology 2
1.3 The Scope of Chemistry and Chemical Technology 3
1.4 How Chemists Discover Things—The Scientific Method 4
Key Terms 9 - Practice Problems 9

CHAPTER TWO

Numbers from Measurements 11

2.1 The Importance of Measurement 11
2.2 Accuracy, Precision, and Error 12
2.3 Significant Figures—A Method for Handling Uncertainty in

Measurements 13
2.4  Significant Figures and Calculated Quantities 19
2.5  Scientific Notation 27
2.6 Scientific Notation and Mathematical Operations 33

Key Terms 40 - Practice Problems 40 - Additional Problems 45

Grid Problems 47

CHAPTER THREE

Unit Systems and Dimensional Analysis 48
3.1 The Metric System of Units 48
3.2  Metric Units of Length 50
3.3  Metric Units of Mass 52

vii



viii

3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.11
3.12

Contents

Metric Units of Volume 54

Units in Mathematical Operations 57

Conversion Factors 59

Dimensional Analysis 62

Density 74

Percent as a Conversion Factor 78

Temperature Scales 81

Types and Forms of Energy 85

Heat Energy and Specific Heat 87

Key Terms 93 - Practice Problems 94 - Additional Problems 98
Cumulative Problems 99 - Grid Problems 100

CHAPTER FOUR

Basic Concepts About Matter 102
4.1 Chemistry—The Study of Matter 102
4.2  Physical States of Matter 103
4.3 Properties of Matter 104
44 Changes in Matter 106
4.5 Mixtures and Pure Substances 109
4.6 Types of Mixtures: Heterogeneous and Homogeneous 111
47  Types of Pure Substances: Elements and Compounds 113
4.8 Discovery and Abundance of the Elements 116
4.9 Names and Symbols of the Elements 117
4.10 Provisional Names for New Elements 119

Key Terms 121 - Practice Problems 121 - Additional Problems 125
Cumulative Problems 125 - Grid Problems 126

CHAPTER FIVE

Atoms, Molecules, Formulas, and Subatomic Particles 128

5.1 The Atom 128

5.2 The Molecule 130

5.3 Natural and Synthetic Compounds 133

5.4 Chemical Formulas 133

5.5 Subatomic Particles: Protons, Neutrons, and Electrons 136

5.6 Evidence Supporting the Existence and Arrangement of Subatomic
Particles 139

5.7  Atomic Number and Mass Number 143

5.8 Isotopes 145

5.9 Atomic Masses 148

Key Terms 156 - Practice Problems 157 - Additional Problems 161
Cumulative Problems 162 - Grid Problems 162



Contents ix

CHAPTER SIX

Electronic Structure and Chemical Periodicity 164
6.1 The Periodic Law 164
6.2 The Periodic Table 165
6.3 The Energy of an Electron 169
6.4 Electron Shells 170
6.5 Electron Subshells 172
6.6 Electron Orbitals 173
6.7  Writing Electron Configurations 176
6.8  Orbital Diagrams 180
6.9 Electron Configurations and the Periodic Law 183
6.10 Electron Configurations and the Periodic Table 184
6.11 Classification Systems for the Elements 191
6.12 Chemical Periodicity 193

Key Terms 196 - Practice Problems 197 - Additional Problems 200
Cumulative Problems 202 - Grid Problems 202

CHAPTER SEVEN

Chemical Bonding 204

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10
7.11
7.12
7.13
7.14
7.15
7.16

Chemical Bonds 204

Valence Electrons and Electron-Dot Structures 205

The Octet Rule 207

Ions and Ionic Bonds 208

Ionic Compound Formation 211

Formulas for Ionic Compounds 215

Structure of Ionic Compounds 217

Polyatomic Ions 218

The Nature of a Covalent Bond 220

Electronegativities and Bond Polarities 225

Multiple Covalent Bonds 231

Coordinate Covalent Bonds 234

Resonance Structures 235

A Systematic Method for Determining Electron-Dot Structures 236

Molecular Polarity = 242

Predicting Molecular Geometries (VSEPR Theory) 246

Key Terms 254 - Practice Problems 255 - Additional Problems 261
Cumulative Problems 262 - Grid Problems 263

CHAPTER EIGHT

Chemical Nomenclature 265

8.1
8.2

Nomenclature Classifications for Compounds 265
Types of Binary Ionic Compounds 266



X Contents

8.3  Nomenclature for Binary Ionic Compounds 268
8.4  Nomenclature for Ionic Compounds Containing Polyatomic Ions 273
8.5  Nomenclature for Binary Molecular Compounds 276
8.6 Nomenclature for Acids 279
8.7 Nomenclature Rules—A Summary 284
Key Terms 287 - Practice Problems 288 - Additional Problems 291
Cumulative Problems 292 - Grid Problems 293

CHAPTER NINE

Chemical Calculations: The Mole Concept and Chemical

Formulas 295
9.1 The Law of Definite Proportions 295
9.2  Calculation of Formula Masses 298
9.3  Percent Composition 301
9.4 The Mole: The Chemist’s Counting Unit 303
9.5 The Mass of a Mole 307
9.6  Counting Particles by Weighing 313
9.7 The Mole and Chemical Formulas 316
9.8 The Mole and Chemical Calculations $18
9.9 Determination of Empirical and Molecular Formulas 324
Key Terms 332 - Practice Problems 332 - Additional Problems 338
Cumulative Problems 339 - Grid Problems 340

CHAPTER TEN

Chemical Calculations Involving Chemical Equations 342
10.1 The Law of Conservation of Mass 342
10.2  Writing Chemical Equations 344
10.3  Balancing Chemical Equations 345
10.4  Special Symbols Used in Equations 350
10.5  Patterns in Chemical Reactivity 851
10.6 Classes of Chemical Reactions 353
10.7  Chemical Equations and the Mole Concept 356
10.8  Calculations Based on Chemical Equations—Stoichiometry 359
10.9  The Limiting Reactant Concept 365
10.10 Yields: Theoretical, Actual, and Percent 370
10.11 Simultaneous and Consecutive Reactions 372
Key Terms 375 - Practice Problems 375 - Additional Problems 382
Cumulative Problems 383 - Grid Problems 385




Contents x1i

CHAPTER ELEVEN

States of Matter 387
11.1  Physical States of Matter 387

11.2  Property Differences of Physical States 389

11.3  The Kinetic Molecular Theory 390

11.4 The Solid State 392

11.5 The Liquid State 392

11.6 The Gaseous State 393

11.7 A Comparison of Solids, Liquids, and Gases 394
11.8 Endothermic and Exothermic Changes of State 395
11.9 Temperature Change as a Substance Is Heated 395
11.10 Energy and Changes of State 397

11.11 Heat Energy Calculations 400

11.12 Evaporation of Liquids 404

11.13 Vapor Pressure of Liquids 407

11.14 Boiling and Boiling Point 408

11.15 Intermolecular Forces in Liquids 410

11.16 Water—A Most Unusual (Unique) Substance 413
11.17 Types of Solids 419

Key Terms 422 - Practice Problems 423 - Additional Problems 426
Cumulative Problems 427 - Grid Problems 427

CHAPTER TWELVE

Gas Laws 429
12.1  Properties of Some Common Gases 429

12.2  Gas Law Variables 430

12.3  Boyle’s Law: A Pressure—Volume Relationship 435

124  Charles’s Law: A Temperature—Volume Relationship 440
12,5  Gay-Lussac’s Law: A Temperature—Pressure Relationship 444
12.6 The Combined Gas Law 445

12.7  Standard Conditions for Temperature and Pressure 449

12.8  Gay-Lussac’s Law of Combining Volumes 450

129  Avogadro’s Law: A Volume—Quantity Relationship 453

12.10 Molar Volume of a Gas 455

12.11 The Ideal Gas Law 460

12.12 Equations Derived from the Ideal Gas Law 463

12.13 Gas Laws and Chemical Equations 466

12.14 Dalton’s Law of Partial Pressures 469

Key Terms 475 - Practice Problems 475 - Additional Problems 482
Cumulative Problems 483 - Grid Problems 484



xii Contents

CHAPTER THIRTEEN

Solutions 486
13.1  Types of Solutions 486
13.2 Terminology Used in Describing Solutions 488
13.3  Solution Formation 489
13.4  Solubility Rules 491
13.5  Solution Concentrations 493
13.6  Concentration: Percentage of Solute 494
13.7 Concentration: Parts per Million and Parts per Billion 498
13.8 Concentration: Molarity 500
13.9  Concentration: Molality 506
13.10 Dilution 509
13.11 Molarity and Chemical Equations 512
Key Terms 516 - Practice Problems 517 - Additional Problems 522
Cumulative Problems 524 - Grid Problems 525

CHAPTER FOURTEEN

Acids, Bases, and Salts 527
14.1  Arrhenius Acid—Base Theory 527
14.2 Bregnsted—Lowry Acid—Base Theory 528
14.3 Conjugate Acids and Bases 530
144  Polyprotic Acids 533
14.5 Strengths of Acids and Bases 535
14.6  Salts 538
14.7 Ionic and Net Ionic Equations 539
14.8 Reactions of Acids 544
149 Reactions of Bases 546
14.10 Reactions of Salts 546
14.11 Dissociation of Water 551
14.12 The pH Scale 553
14.13 Hydrolysis of Salts 561
14.14 Buffer Solutions 564
14.15 Buffers in the Human Body 565
14.16 Acid—Base Titrations 567
14.17 Acid—Base Titration Calculations Using Normality ~ 569
14.18 Acid and Base Stock Solutions 574
Key Terms 575 - Practice Problems 576 - Additional Problems 583
Cumulative Problems 584 - Grid Problems 584

CHAPTER FIFTEEN

Oxidation and Reduction 586
15.1 Oxidation-Reduction Terminology 586
15.2 Oxidation Numbers 588



Contents xiii

15.3 Types of Chemical Reactions 594
15.4  Balancing Oxidation—Reduction Equations 596
15.5 Using the Oxidation Number Method to Balance Redox Equations 597
15.6  Using the Ion-Electron Method to Balance Redox Equations 603
15.7 Disproportionation Reactions 611
15.8 Some Important Oxidation-Reduction Reactions 614
Key Terms 622 - Practice Problems 623 - Additional Problems 627
Cumulative Problems 628 - Grid Problems 629

CHAPTER SIXTEEN

Reaction Rates and Chemical Equilibrium 630
16.1 Theory of Reaction Rates 630
16.2  Potential Energy Diagrams for Chemical Reactions = 632
16.3  Factors That Influence Reaction Rates 634
16.4 Chemical Equilibrium 637
16.5  Equilibrium Mixture Stoichiometry 639
16.6  Equilibrium Constants 641
16.7 Le Chatelier’s Principle 646
16.8  Forcing Reactions to Completion 651
Key Terms 651 - Practice Problems 652 - Additional Problems 656
Cumulative Problems 657 - Grid Problems 658

CHAPTER SEVENTEEN

Nuclear Chemistry 660
17.1  Atomic Nuclei 660
17.2  Discovery of Radioactivity 662
17.3 Nature of Natural Radioactive Emissions 662
174  Equations for Nuclear Reactions 664
17.5  Rate of Radioactive Decay 667
17.6  Induced Radioactivity: Bombardment Reactions 671
17.7  Positron Emission and Electron Capture 674
17.8  Nuclear Stability 676
17.9  Radioactive Decay Series 678
17.10 Ionizing Effects of Radiation 680
17.11 Biological Effects of Various Types of Radiation 681
17.12 Detection of Radiation 682
17.13 Sources of Radiation Exposure 683
17.14 Nuclear Medicine 684
17.15 Nuclear Fission and Nuclear Fusion 686
17.16 A Comparison of Nuclear and Chemical Reactions 689
Key Terms 690 - Practice Problems 690 - Additional Problems 694
Cumulative Problems 695 - Grid Problems 696



xiv Contents

CHAPTER EIGHTEEN

Hydrocarbons and Hydrocarbon Derivatives 698
18.1 Organic Chemistry—A Historical Perspective 698
18.2 Hydrocarbons 700
18.3 Alkanes 700
18.4 Structural Isomerism of Hydrocarbons 702
18.5 IUPAC Nomenclature for Noncyclic Alkanes 704
18.6  Structure and Nomenclature of Cycloalkanes 711
18.7 Structure and Nomenclature of Alkenes and Alkynes 712
18.8 Aromatic Hydrocarbons 716
18.9 Sources and Uses of Hydrocarbons 720
18.10 Derivatives of Hydrocarbons 722
18.11 Halogenated Hydrocarbons (Organic Halides) 723
18.12 Alcohols 726
18.13 Ethers 728
18.14 Carboxylic Acids 730
18.15 Esters 732
Key Terms 734 - Practice Problems 734 - Additional Problems 742
Cumulative Problems 742 - Grid Problems 743

APPENDIX

Mathematical Review A.l
A.1 Basic Mathematical Operations ~ A.l

A.2 Fractions A.2

A.3 Positive and Negative Numbers ~ A.6

A4 Solving Algebraic Equations ~ A.8

ANSWERS TO ODD-NUMBERED PROBLEMS A.13

INDEX I.1



CHAPTER ONE

The Science of
Chemistry

1.1

Chemistry—A Scientific Discipline

During the entire time of their existence on Earth, human beings have been con-
cerned with and fascinated by their surroundings. This desire to understand their
surroundings—an attribute that distinguishes them from all other living organisms—
has led them to accumulate vast amounts of information concerning themselves,
their world, and the universe. Science is the study in which humans attempt to
organize and explain in a systematic and logical manner knowledge about themselves
and their surroundings.

The enormous range of types of information covered by science, the sheer amount
of accumulated knowledge, and the limitations of human mental capacity relative to
mastering such a large and diverse body of knowledge have led to the division of the
whole of science into smaller subdivisions called scientific disciplines. A scientific
discipline is a branch of scientific knowledge limited in its size and scope to make
it more manageable. Chemistry is one of the scientific disciplines. Astronomy, botany,
geology, physics, and zoology are some of the others.
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1.2

Ficure 1.1 Interrelationship of scientific disciplines.

In a sense, the boundaries between scientific disciplines are artificial, because all
scientific disciplines borrow information and methods from each other. No scientific
discipline is totally independent. This overlap requires that scientists, in addition to
having in-depth knowledge of a selected discipline, also have limited knowledge of
other disciplines. Problems scientists have encountered in the last decade have par-
ticularly pointed out the interdependence of disciplines. For example, chemists at-
tempting to solve the problem of chemical contamination of the environment find
that they need some knowledge of geology, zoology, and botany. Because of this
overlap, it is now common to talk not only of chemists, but also of geochemists, bio-
chemists, chemical physicists, and so on. Figure 1.1 shows how chemistry merges with
some of the other scientific disciplines.

The overlap of the various scientific disciplines affects not only practicing scientists
but also today’s college students. It means that students must necessarily study in dis-
ciplines other than those of primary interest to them. The knowledge they gain from
such studies is often useful and even essential if they are to be competent in their
chosen field. Many students in courses for which this textbook is written are studying
chemistry because of its applicability to other disciplines in which they have a more
specific interest.

Scientific Disciplines and Technology

Scientific disciplines represent abstract bodies of knowledge. The abstractness of such
knowledge is modified by technology. Technology is the physical application of scien-
tific knowledge to the production of new products to improve human survival, comfort,
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Section 1.3 + The Scope of Chemistry and Chemical Technology 3

and quality of life. Technology manipulates nature for advantage. Technological
advances began affecting our society about 200 years ago, and new advances still
continue, at an accelerating pace, to have a major impact on human society. Section
1.3 considers numerous contributions of chemical technology to human well-being.

Technology, like science, involves human activities. Whether or not a given piece
of scientific knowledge is technologically used for good or evil purposes depends on
the motives of those men and women, whether in industry or government, who have
the decision-making authority. In democratic societies, citizens (the voters) can in-
fluence many technological decisions. Therefore, it is important for everyone to be
informed about scientific and technological issues.

The Scope of Chemistry and Chemical
Technology

Although chemistry is concerned with only a part of the scientific knowledge that has
been accumulated, it is in itself an enormous and broad field. Chemistry touches all
parts of our lives.

Many of the clothes we wear are made from synthetic fibers produced by chemical
processes. Even natural fibers, such as cotton or wool, are the products of naturally
occurring chemical reactions within living systems. Our transportation usually involves
vehicles powered with energy obtained by burning chemical mixtures, such as gasoline.
The drugs used to cure many of our illnesses are the result of much chemical research.
The paper on which this textbook is printed was produced through a chemical process,
and the ink used in printing the words and illustrations is a mixture of many chem-
icals. The movies we watch are possible because of synthetic materials called film. The
images on film are produced through the interaction of selected chemicals. Almost
all of our recreational pursuits involve objects made of materials produced by chem-
ical industries. Skis, boats, basketballs, bowling balls, musical instruments, and tele-
vision sets all contain materials that do not occur naturally, but are products of
human technological expertise.

Our bodies are a complex mixture of chemicals. Principles of chemistry are funda-
mental to an understanding of all processes of the living state. Chemical secretions
(hormones) produced within our bodies help determine our outward physical charac-
teristics such as height, weight, and appearance. Digestion of food involves a complex
series of chemical reactions. Food itself is an extremely complicated array of chemical
substances. Chemical reactions govern our thought processes and how knowledge is
stored in and retrieved from our brains. In short, chemistry runs our lives.

A formal course in chemistry can be a fascinating experience because it helps us
understand ourselves and our surroundings. We cannot truly understand or even
know very much about the world we live in or about our own bodies without being
conversant with the fundamental ideas of chemistry.



