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To The Professor

4

As we surveyed the available principles textbooks in general chemistry, we concluded
that there were major deficiencies in them. Some texts that claim to emphasize
principles simply present theories “out of the blue!” Students are thus deprived not
only of the link to physical reality, which makes learning and using theories easier and
more meaningful, but also of the basis for the intellectual integrity of science. None of
these texts appeared to have been written for students, the people who use them most,
and so we decided to write a principles textbook for students.

We emphasize that chemistry is an experimental science by always presenting
first the observational bases upon which the theories depend, followed by descrip-
tions of the classic experiments and their great importance to the evolution of
modern chemical theories. We then emphasize the important role, and justify the
validity, of modern theories by interpreting and explaining the significance of
important observations as we develop each subsequent topic. To accomplish our
goals, we have provided

1. The experimental basis for modern chemical theories.
. Accurate statements of current theories.

2

3. Clear, concise definitions of important terms.

4. Simple, yet familiar, analogies that clarify fundamental ideas.
5

. Carefully graded, detailed explanations of current theories and important
concepts.

6. Numerous substantial illustrative examples that are solved and explained in
detail.

7. Carefully graded, comprehensive sets of end-of-chapter exercises that progress
from routine manipulations to a reasonable level of sophistication.

8. Plenty of descriptive chemistry to illustrate applications of modern theories.
9. Comprehensive appendices.
10. A great deal of flexibility for professors who teach general chemistry.

These important characteristics of Principles of Chemistry require amplification.

Because a clear understanding of modern chemical theories is vital to the study
of chemistry, we have tried to state the essence of each theory as clearly and
accurately as possible at this level. The significance of each theory is then empha-
sized and illustrated.
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Many students experience difficulty in their study of general chemistry
because they do not understand the vocabulary used to describe basic concepts. We
have been careful to give clear, concise definitions of important terms as they are
introduced. In the few cases in which this is not practical, we have included
appropriate marginal notes. ‘

Some students have difficulty in piecing together declarative statements in
order to understand basic concepts. We have provided many simple, familiar
analogies to improve students’ comprehension. For example, the arbitrary nature of
zero potential energy and the idea of negative potential energy in a chemical system
are major obstacles for many students. We solve these problems by presenting a
simple analogy in Figure 3-2. Many other examples are used throughout the
textbook.

Many students have difficulty in gaining an appreciation of the significance of
important theories and concepts. We have presented detailed explanations of current
theories and concepts so that students can understand and appreciate their signifi-
cance. Throughout we have provided substantial explanations.

Numerous carefully graded illustrative examples are invaluable to students,
and so we have provided an abundance of them. We have included some simple
examples, some of intermediate difficulty, as well as considerable numbers of
difficult illustrative examples. For many topics, such as bonding and molecular
structure, the illustrative examples are woven into the narrative and are not
numbered.

Chemical reactions, and associated periodicity, are introduced early in Chapter
9 from a descriptive point of view. Chapter 10, “Chemical Analysis in Aqueous
Solution,” provides more descriptive chemistry as well as background for quantita-
tive laboratory work.

Comprehensive appendices are included so that students have the data they
need as they study and work problems. Professors have ready access to numerical
data as they prepare lectures and construct tests and comprehensive examinations.

Flexibility is important because classes are so heterogeneous — some students
have had no previous training in chemistry and others are well prepared. In Chapter
1, we start at a very basic level for students with no background in chemistry.
Chapter 1 can be used as assigned reading for students with strong backgrounds.

Throughout the text each topic and its vocabulary are introduced at a very
basic level, and through a series of carefully graded steps we progress to a reasonably
sophisticated treatment of each topic. Some sections in each chapter (and, in fact,
some chapters) may be used as assigned reading.

Basic stoichiometry is presented in Chapter 2, together with an introduction to
concentrations of solutions and dilution calculations, to provide a firm foundation
for meaningful laboratory experiences. We start at a very basic level, and our
treatment of basic stoichiometry is the most comprehensive available. The mole
method is used throughout.

In keeping with our philosophy of providing a sound background for labora-
tory work, we present thermochemistry, through Hess' Law, in Chapter 3. We have
taken care to describe what energy is and how it is measured. The arbitrary nature of
zero potential energy and negative potential energies in chemical systems are
illustrated well.

Chapter 4, “Atoms and Subatomic Particles,” provides descriptions of the
classic experiments that led to our present ideas about the structures of atoms.
Nuclear binding energy is included to avoid leaving a significant gap in background
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information. Students learn why so many positively charged particles can occupy
such a small volume in a stable atomic nucleus and still not “blow apart”

Electronic structures of atoms are presented in Chapter 5. Together, Chapters 4
and 5 are the most comprehensive treatments of these important topics on the
market. For those who prefer to spend less time on electronic structures of atoms,
several sections can be “slipped over” easily.

Chapter 6 is devoted to a detailed discussion of chemical periodicity and an
introduction to bonding. It is beautifully illustrated. Many illustrative examples,
some unnumbered, are provided. The treatment of Lewis formulas is quite com-
prehensive. Inorganic nomenclature, a possibility for assigned reading, completes
Chapter 6.

Chapters 7 and 8 are devoted to molecular structure and covalent bonding.
VSEPR theory, polarity and dipole moments, and bond energies are included in
Chapter 7. The order of presentation is logical and pedagogically sound, starting
with the simplest possible cases and progressing to the more complex. This chapteris
unique.

Chapter 8 includes discussions of the Valence Bond Theory and Molecular
Orbital theory for those who prefer to include these topics.

Chapters 9 and 10 include a great deal of descriptive chemistry. The emphasis
in Chapter 9 is on chemical periodicity associated with chemical reactions; Chapter
10 emphasizes the quantitative aspects of acid-base reactions and redox reactions in
aqueous solutions. Major emphasis is placed on the mole method and molarity;
separate optional sections on equivalent weights and normality are included.
Chapters 9 and 10 may be postponed until after gases and liquids and solids with no
loss of continuity. They may also be covered only in part for those who wish to do so.

Chapters 11, 12, and 13 describe the states of matter and the physical properties
of solutions (colloids are included). The treatment of the states of matter, the
dissolving process, and colligative properties of solutions are detailed and illustrated
well.

Chapter 14, “Chemical Thermodynamics: The Driving Force for Change,”
emphasizes the role of thermodynamics in assessing and predicting the spontaneity
of chemical and physical changes, and its relation to equilibrium. The chapter opens
with a descriptive discussion of spontaneity, with many illustrations that students
find helpful. Building on the thermochemistry of Chapter 3, the chapter then
progresses to the use of changes in entropy and Gibbs free energy as criteria of
spontaneity. Rather than depend on abstract definitions or traditional heat-engine
efficiency discussions, the chapter develops the idea of entropy so that students are
able to predict system entropy changes for common processes. Finally, a qualitative
discussion lays the groundwork for the relation between thermodynamics and
equilibrium. In Chapter 15, the subject of “Chemical Kinetics” is presented from the
same standpoint—experimental observations first, theoretical interpretations sec-
ond. These two key chapters develop the ideas needed for a strong introduction to
“Chemical Equilibrium,” Chapter 16.

A comprehensive discussion of the concepts of acid-base behavior and ionic
equilibria is presented in Chapters 17 and 18.

Chapter 19 is a widely acclaimed chapter on electrochemistry that completes
the main principles section of the text. It enables professors to “tie together” most of
the material presented earlier.

Chapters 20 through 23 provide a block of basically descriptive chapters on the
metals and metallurgy (Chapter 20), the nonmetals (Chapters 21 and 22), and
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coordination compounds (Chapter 23). The treatment of coordination chemistry is
the most comprehensive available in a “principles” textbook.

Chapter 24, “Nuclear Chemistry,” is entirely self-contained and can be covered
at any point in the course after Chapter 4.

Chapter 25, “Organic Chemistry,” is a strong introduction to organic chemistry
that includes alkanes, alkenes, alkynes, aromatic hydrocarbons, organic nomencla-
ture, and functional groups.

Because there is no consensus on the number of answers to the end-of-chapter
exercises that should be available to students, we have tried to provide maximum
flexibility. Answers to even-numbered numerical problems are included after the
Appendices. Detailed solutions and answers to all even-numbered exercises are
available in the Solutions Manual prepared by Professor DeKorte. Answers and
solutions to all odd-numbered exercises are provided in the Instructors Manual by
Professor Davis. The Instructors Manual may be made available to students, if
professors wish to do so.

We welcome suggestions for improvements in future editions.
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We have written this text to assist you as you study chemistry, a fundamental science
— some call it the central science. As you pursue your career goals, you will find the
vocabulary and ideas of chemistry useful in more ways than you may imagine now.

We begin with the most basic vocabulary and ideas. Then we carefully develop
increasingly sophisticated ideas that are necessary and useful in all the other physi-
cal sciences, the biological sciences, and areas such as medicine, dentistry, engineer-
ing, agriculture, and home economics.

We have tried to make many of the early chapters as nearly self-contained as
possible, so that the material can be presented in the order considered most appro-
priate by your professor.

Early in each section we have provided the experimental basis for the ideas we
present. By experimental basis we mean the observations and experiments on the
phenomena that have been most important in developing concepts. We then present
explanations of these experimental observations.

Chemistry is an experimental science. We know what we know because we
(literally thousands of scientists) have observed it to be true. Successful theories have
evolved to explain many experimental observations (facts) fully and accurately; often
they enable us to predict the results of experiments that have not yet been per-
formed. Experiment and theory go hand-in-hand; they are intimately related parts
of our attempt to understand and explain natural phenomena.

“What is the best way to study chemistry?” is a question we are asked often
by our students. Although there is no single answer, the following suggestions may
be helpful.

Read the assigned material before it is covered in class so that you become
generally familiar with important ideas. Take careful class notes. At the first oppor-
tunity, recopy your notes, and try to work the illustrative examples without looking
at the solutions in your notes. Read the assigned material again. Reading should be
more informative the second time.

Review the “key terms” at the end of the chapter so that you know the exact
meaning of each. Work the illustrative examples in the text (cover the solutions). If
you find it necessary to look at the solutions, look at only one line at a time and try to
figure out the next step. Work the assigned exercises at the end of the chapter.
Become familiar with the Appendices and their contents so that you may use them
whenever necessary. Answers to all even-numbered numerical problems are given at
the end of the text so that you may check your work. The Solutions Manual, by
Professor J. M. DeKorte, includes detailed solutions and explanations for all even-
numbered end-of-chapter exercises.

xiii
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Study Guide for Principles of Chemistry, by Professor Raymond E. Davis,
provides an overview of each chapter and emphasizes the threads of continuity that
run through chemistry. It lists study goals, tells why concepts are important, and
provides references to the text. The Study Guide contains many easy-to-moderately-
difficult preliminary test questions so.you can gauge your progress. They provide
excellent practice in preparing for examinations. Answers are provided, and many
have explanations.

If you have suggestions for improving this text, please write to us and tell us
about them.

RED, KDG, and KWW



Contents Overview

CONONHWN =

Fundamental Ideas of Chemistry 1

Stoichiometry 46

Thermochemistry 88

Atoms and Subatomic Particles 113

Electronic Structures of Atoms 135

Periodicity and Chemical Bonding 167

Covalent Bonding I: Molecular and lonic Geometry 216

Covalent Bonding II: Valence Bond Theory and Molecular Orbital Theory
Periodicity and Chemical Reactions 276

Chemical Analysis in Aqueous Solution 311

Gases and the Kinetic-Molecular Theory 339

Liquids and Solids 372

Physical Properties of Mixtures: Solutions and Colloids 412
Chemical Thermodynamics: The Driving Force for Changes 447
Chemical Kinetics 477

Chemical Equilibrium 518

lonic Equilibria — I: Acids and Bases 547

lonic Equilibria — II: Buffers and Acid-Base Titrations; Slightly Soluble
Compounds 585

Electrochemistry 622

The Metals and Metallurgy 660

The Nonmetals — I: Groups 0, VIIA, and VIA 697

The Nonmetals — II: Group VA Nonmetals, and Carbon, Silicon, and Boron
Coordination Compounds 756

Nuclear Chemistry 786

Organic Chemistry: The Chemistry of Carbon Compounds 811
Appendices 861

Answers for Selected Even-Numbered Exercises AA1

244

725

XV



Contents

1 Fundamental Ideas of Chemistry 1

Macroscopic Observations (What We Have Seen) 2

1-1
1-2
1-3
1-4
1-5

Matter and Energy 2

States of Matter 4

Chemical and Physical Properties 4

Chemical and Physical Changes 6

Substances, Compounds, Elements, and Mixtures 7

Tools of Scientists (How We Measure What We See) 11

1-6
1-7
1-8
1-9
1-10
1-11

Measurements in Chemistry 11

Units of Measurement 13

Significant Figures 15

Dimensional Analysis (The Unit Factor Method) 19
Density and Specific Gravity 24

Temperature 25

Atoms, Molecules, and lons — An Introduction (How We Interpret
What We’ve Seen) 27

1-12
1-13
1-14
1-15
1-16
1-17

The Laws of Chemical Combination 28

Dalton’s Atomic Theory 30

Atoms, Molecules, and Formulas 31

The Atomic Explanation of the Laws of Chemical Combination 33
Ions and Ionic Compounds 36

Names and Formulas of a Few Common Ions and Substances 38

2 Stoichiometry 46

Mass Relationships Involving Pure Substances — Composition
Stoichiometry 47 .

2-1
2-2
2=3
2-4
2-5

Atomic Weights 47

The Mole 47

Formula Weights, Molecular Weights, and Moles 51
Percent Composition and Formulas of Compounds 55
Derivation of Formulas From Elemental Composition 56

XVii



Contents

Mass Relationships and Chemical Reactions — Reaction
Stoichiometry 60

2-6  Chemical Equations 60

2-7 Calculations Based on Chemical Equations 63

2-8  Percent Purity 67

2-9  Percent Yields from Chemical Reactions 67

2-10 The Limiting Reagent Concept 68

2-11 Two Reactions Occurring Simultaneously 71

Concentrations of Solutions — An Introduction 73

2-12 Percent by Mass 73

2-13 Molarity (Molar Concentration) 74

2-14 Volumes of Solutions Required for Chemical Reactions and Dilution of
Solutions 77

Thermochemistry 88

3-1 Forms of Energy 88

3-2 Heat Transfer and the Measurement of Heat 94
3-3 Some Thermodynamic Terms 96

3-4 Thermochemical Equations 98

3-5 Calorimetry 100

" 3-6  Standard Molar Enthalpies of Formation, AH/ 102

3-7 Hess Law 103

Atoms and Subatomic Particles 113

4-1 Fundamental Particles 114

4-2  Electrons 114

4-3 Canal Rays 118

4-4 Natural Radioactivity 119

4-5 Rutherford and the Nuclear Atom 120

4-6 Atomic Number 123

4-7  Isotopes, the Existence of Neutrons, and Mass Number 124
4-8 The Atomic Weight Scale and Atomic Weights 126

4-9  Nuclear Stability and Binding Energy = 129

Electronic Structures of Atoms 135

5-1 Electromagnetic Radiation — the Wave View of Light 135

5-2  Electromagnetic Radiation — the Particle View of Light 139

5-3  Atomic Spectra and the Bohr Theory of the Atom 141

5-4 The Wave-Particle View of the Electron 146

5-5 The Quantum Mechanical Picture of the Atom 146

5-6 Quantum Numbers 148

5-7  Atomic Orbitals and the Allowed Combinations of Quantum
Numbers 149



