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preface

hemistry is the science that deals with
matter and the transformations that it
undergoes. To the student who has not
previously taken a chemistry course this
may be an intimidating topic. Therefore,
Chemistry: A First Course was devel-
oped as a one-semester, preparatory
textbook for students with a non-
chemistry background. This book will be
a foundation on which to build a successful progression
into future two-semester General Chemistry courses. We
will present chemistry to the student as an interdisciplinary
subject with broad points of interest for people in all walks
of life, integrating the function and uses of chemicals and
chemistry in the everyday world.

It is for the students who seek a broad base of
knowledge that we have written the present text. As you
will later note, the text has undergone a great deal of
scrutiny to assure the accuracy and versatility of this book.
New supplements and pedagogical features have been
added to aid the students and to utilize the wide range of
benefits that other technologies have to offer.

Highlighted Regions: To help the student in organizing
material, the authors have included shaded summary areas.
These shaded summaries include rules, tables, charts, etc.

ChemlLab: Chemistry progress in the real world is
accomplished through curiosity and experimentation. We
have included in each chapter a laboratory exercise that
introduces the student to a potentially hands-on experience.
These laboratory exercises are closely tied to the material
in the chapter, making them relevant to understanding the
lecture material.

ChemQuest: These essays are located throughout the text
to help the student make connections between the text
and everyday applications. These essays lead the student
to a series of questions that may form the basis of a term
paper or group project.

Full-Color Art Program: Color is another way to reinforce
learning and we have used color consistently throughout
the text. Lavender is used for electrons, green for nuclei,
blue for bases, red for acids, and so on. This consistent
use of color not only improves the asthetics of the textbook,
but also supports student comprehension.

Design: Essential to this edition is a new design. With a
large trim size, we were better able to use white space
and larger, clearer visuals effectively, providing the student
with a textbook that is clear, inviting, and well-organized.
Features retained and improved from earlier editions include:

In-Chapter Exercises, Solutions, and Problems:
Because problem-solving is most easily learned by example
and practice, we have included throughout the text a number
of examples that show the student, step-by-step, precisely
how to determine the correct answer. Whenever possible,
exercises are included with each example to build student
self-confidence. The student will find the answers to the
odd-numbered problems in the back of the book.

End-of-Chapter Accomplishments: This feature is a
combination of chapter outline, student comprehension
checklist, and chapter summary. This review of chapter
content is an elemental tool used to help the student
organize and categorize material that often appears foreign
and overwhelming. By simply going through this detailed
checklist the students will be able to assess their own
understanding.
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Key Terms: Key Terms appear in boldface when they are
introduced within the text and are immediately defined in
context. All key terms are also defined in the glossary.

The End-of-Chapter Problems: There are a wide variety
and number of problems located at the end of each chapter.
There are two different types of problems that require the
students to think a little harder, testing their understanding.
Furthermore, since students learn by various means, the
problems at the end of the chapter contain not only the
traditional mathematically based problems but problems
that ask the student to explain, identify, predict, arrange,
state evidence, etc. The students are encouraged to explore
a new dimension of their understanding of the chapter
material. All of this leads to students who are better
prepared for any chemistry that they must take in the future.
End of Book Glossary of Key Terms: All new terms are
in boldface and each term is defined in the alphabetized
glossary at the end of the textbook.

An extensive supplemental package has been designed
to support this text. It includes the following elements.

1. Instructor’s Manual The Instructor's Manual
contains the printed test item file, answers to the
text's even-numbered problems and exercises,
detailed solutions to the text's odd-numbered
problems and exercises, and a list of the
transparencies. Written by the authors, this unique
ancillary also contains suggestions for organizing
lectures, additional “Perspectives,” and a list of each
chapter’s key problems and concepts.

2. Student Study Guide/ Solutions Manual A
separate Student Study Guide/Solutions Manual is
available for the students. It contains the answers
and solutions for the half of the chapter problems
found in the Instructor’'s Manual. It also offers
students a variety of exercises and keys for testing
their comprehension of basic, as well as difficult,
concepts.

3. Transparencies A set of over 100 transparencies
is available to help the instructor coordinate the
lecture with the key illustrations from the text.

4. Customized Transparency Service For those
adopters interested in receiving acetates of text
figures not included in the standard transparency
package, a select number of acetates will be
custom-made upon request. Contact your local Wm.
C. Brown Publishers sales representative for more
information.

5. Microtest This computerized classroom
management system/service includes a database of
test questions, reproducible student self-quizzes,
and a grade-recording program. Disks are available
for IBM and Macintosh computers, and require no
programming experience.
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10.

11,

12.

Laboratory Manual Written by Kathy Dodds Tyner
of Southwest College. Lab Exercises for Preparatory
Chemistry features 63 class-tested experiments.
The manual can easily be customized to suit an
instructor’s individual needs. The instructor can
delete experiments, add his or her own experiments,
or change the arrangement to create a custom
manual to fit specific class needs.

Is Your Math Ready for Chemistry? Developed
by Walter Gleason of Bridgewater State College, this
unigue booklet provides a diagnostic test that
measures your students’ math ability. Part Il of the
booklet provides helpful hints on the necessary math
skills needed to successfully complete a chemistry
course.

Problem Solving Guide to General Chemistry
Written by Ronald DeLorenzo of Middle Georgia
College, this exceptional supplement provides your
students with over 2,500 problems and questions.
The guide holds students’ interests by integrating
the solution of chemistry problems with real-life
applications, analogies, and anecdotes.

How to Study Science Written by Fred Drewes of
Suffolk County Community College, this excellent
workbook offers students helpful suggestions for
meeting the considerable challenges of a science
course. It offers tips on how to take notes and how
to overcome science anxiety. The book’s unique
design helps to stir critical thinking skills, while
facilitating careful note taking on the part of the
student.

Exploring Chemistry Videotapes Narrated by
Ken Hughes of the University of Wisconsin-
Oshkosh, the tapes provide six hours of laboratory
demonstrations. Many of the demonstrations are of
high-interest experiments, too expensive or
dangerous to be performed in the typical freshman
laboratory. Contact your local Wm. C. Brown
Publishers sales representative for more details.

Doing Chemistry Videodisc This critically
acclaimed image database contains 136
experiments and demonstrations. It can be used as
a prelab demonstration of equipment setups,
laboratory techniques, and safety precautions. It
may also be used as a substitute for lab experiences
for which time or equipment is not available. Contact
your local Wm. C. Brown Publishers sales
representative for more details.

ChemTALK Lecture Presentation Software

This unique presentation software contains lecture
outlines and numerous color illustrations and
animations designed to bring concepts of chemistry
to life. Three software programs have been
developed to be used in a variety of introductory
courses including general chemistry, preparatory



chemistry, and allied health chemistry. The programs
are available on both Windows and Macintosh formats.

Less cumbersome than writing on a blackboard, this
software will allow you to present material to your
students at the pace that you choose, while
integrating full-color illustrations and animations into
your lecture.

Students may purchase the corresponding lecture
notebook which contains all the material from the
software. Using the notebook to follow the lecture,
students will spend more time listening and
absorbing information.

13. Student Study Art Notebook Free with each new
text, the Student Study Art Notebook contains all of
the full-color art included in the transparency set.
The notebook allows the student to focus on the
lecture rather than trying to recopy art being
displayed in class.

We would like to acknowledge the may individuals who
helped and encouraged us as we developed this text,
including CUNY, Bloomfield College, and Kean College
students who provided the original and sustaining
inspiration and the many students who used the first two
editions and provided us with their comments.

Hocking Technical College

Dodge City Community College
Yuba College

Pasadena City College

Western Kentucky University

Elgin Community College

University of Southern Alabama

Chabot College
Chaffey College

New Mexico State University
Casper College

Western Kentucky University
Ventura College

Dawson Community College

We are very grateful to our colleagues at Wm. C. Brown
Publishers, especially our Developmental Editor, John Berns,
and our Acquisitions Editor, Megan Johnson. We also
thank Molly Kelchen, Editorial Secretary, Laurie Janssen,
Electronic Paging Specialist, and Karen Nickolas, Production
Editor. We also want to give a very special thank you to Carl
Binz, of Loras College whose consistent diligence on this
project helped to ensure the accuracy of this text. A special
note of thanks goes to James Funston who provided many
suggestions for improvements in the second edition. We
also appreciate the special efforts of our reviewers whose
comments on this edition helped us produce an excellent
text. Throughout the publication process of this textbook,
many steps were taken to ensure accuracy. Although one
cannot guarantee that a text will be completely errorless,
the following steps were taken to make this text as clean
as possible. The check for accuracy began when thirty-one
reviewers evaluated the manuscript's narrative, examples,
and artwork. When the manuscript was in final form, Carl
Binz carefully checked the text problems and all of the art.
Two professional proofreaders and the author team then
checked the typeset text and illustrations. Once final pages
were produced, another check was made by Carl Binz,
the author team, and another professional proofreader. As
aresult, every word, example, figure, and answer has been
independently checked and rechecked by many individuals
at four crucial stages in the publication process.

San Bernardino Valley

University of Michigan

California State University

American River College

Lincoln College

Montgomery College

Vincennes University
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Jacksonville State University

Sudmi College

University of Detroit - Mercy

Rancho Santiago College
Hiram College

lllinois Central College

Cal Poly

California State University

preface XV



hrief

contents

thapter |

classification of matter 1

thapter 6

chemical bonding 147

thapter 8

measurement 33

tharter 4

applying measurements to
chemical calculations 61

thapter 1

nomenclature, weight, and
percentage composition 193

tharter 8

the mole concept 217

thapter &

elements and their invisible
structures 91

thapter 5

electronic structure of the
atom 117

chapter

chemical reactions 243

chapter 1l

stoichiometry 275

chapter 1l

gases 305

gty

liquids and solids 347

tharter T3

solutions 383

thapter T4

chemical equilibrium 427

thapter 1o

acids and bases 453

thapter [

oxidation-reduction 491

thapter 1

nuclear chemistry 525




thapter |

classification of matter 1

1.1
1.2

1.3
1.4
1.5
1.6
1.7

1.8
19
1.10
1.1
112

thapter ¢

1

14

18

23

measurement 33

2.1
2.2
2.3

2.4
2.5
2.6
2.7
2.8
2.9

33
34

40
40
44
48
51
54
55

16

26

G o mtents

preface xiii

12

thapter 4

applying measurements to
chemical calculations 61

3.1 61

3.2 61

3.3 64

3.4 69

3.5 78
3.6 78
3.7 80

3.8 81

thapter &

elements and their invisible
structures 91

4.1 91

4.2 82

4.3 93
44 93

4.5 9%

46 97

4.7 98

4.8 100
4.9 103

4.10 104
411 106

412 106

4.13 [k

Vi



thapter &

electronic structure
of the atom 117

5.1 17

5.2 117
53

5.4

5.5

5.6 131
9.1

5.8

5.9

5.10 138

thapter 6

chemical bonding 147

118
120
128

138

131
135

6.1
6.2

6.3
6.4
6.5

6.6
6.7
6.8
6.9
6.10
6.11
6.12
6.13
6.14
6.15
6.16
6.17

viii

147

148

185

contents

thapter

nomenclature, weight, and
percentage composition 193

7.1 193

7.2 193

7.3 195
74

7.5 202

7.6 206
7.7

7.8 210

thapter 8

the mole concept 217

8.1
217

8.2 219
8.3 220
8.4 224
8.5
8.6

229
8.7

232
8.8
8.9 236

thapter

chemical reactions 243

9.1

243
9.2 244
9.3

233

226

246



9.4 247 1.9 332

9.5 252 11.10 336
9.6 253 11.11 336
9.7
255
9.8 256 '
thapter I
liquids and solids 347
thapter 10 N .
stoichiometry 275 120 248
123 353
10.1 275 124 355
102 125 361
276 12,6 363
103 127 368
279 12.8 372
10.4 281 129
105 283 373
10.6 286
107 288
10.8 288
s o 204 hapter i
1011 297 solutions 383
13.1 383
13.2
thapter 1l 384
133 390
gases 305 13.4 392
‘ 135 395
11.1 305 Cl0000 13.6 404
308 13.8 408
13 13.9 409
311 13.10 410
114 316 13.11 412
115 318 13.12 414
116 322 13.13 417
117 328
11.8
330

contents ix



thapter T

chemical equilibrium 427

141
142
143
144
14.5
14.6
14.7
14.8

427

430

thapter T3

acids and bases 453

428

432

437
438
443

445

16.1
162

453

458
153
154
155
5.6
157
16.8
168

16.10

15.11

479
482

464
466

469

470

474

contents

thapter

oxidation-reduction 491

16.1 491
16.2
16.3
16.4
16.5

492
493
495

499
16.6
16.7
16.8
16.9
16.10

506
508
510
512
518

thapter ]

nuclear chemistry 525

171
172

525

526
173 528
174 531
17.5 5632
17.6
17.7
17.8 541
17.9
17.10
17.11

538
538

545
546
549



A

a«ppeudiu 1 ot [§00

basic arithmetic review 556 arithmetic with signed numbers 566
Al 556 C.1 566
A2 556 C.2 566
A3 557 C.3 567
A4 558 C4 568
A5 559 C5 568
AB 560

A

aend

vapor pressure of water at various temperatures 570

aendin b

chemical arithmetic using a hand calculator 563

B.1 563 ® —
82 563 g &
Eji o answers to odd-numbered problems 571
564
B5 565
flssany 609
iredts 617
e 618

contents Xi



e

classification of matter

1.1

The basic aim of chemists is to understand the behavior of the 109 known
elements and how those elements combine or may be combined in the laboratory
to make new materials and to prepare known materials in a more useful and
efficient manner.

Studying how and why atoms from different elements combine into new mate-
rials, how quickly they combine, and how much material is formed increases the
chemist's ability to predict the behavior of elements without further experiment. Itis
amazing also to consider how the modern chemist is able to build, or synthesize,
chemically complex materials from simpler or more readily available materials.
Sometimes the new materials may become a useful drug, fiber, or fuel.

The number of materials catalogued in the Chemical Abstracts Service (CAS)
Registry at present is more than 10 million, and a large number of those have been
synthesized, that is, built to order in the laboratory. With so many materials suffi-
ciently understood to the extent of being “laboratory prepared,” you can appreciate
the powerful scientific principles that chemists must have developed to guide them
in their work. Those principles will form the basis of each of the chapters in this text.

Fortunately, chemists have organized materials into relatively few groups, so
that we can all work with such enormous diversity in a systematic way. That organi-
zation or classification of materials will be our starting point in Chapter 1.

Chemistry is the study of matter and changes in matter, which includes every-
thing you see around you. This book, your hand, a pencil, water, a tree, and invisible
things such as air are all examples of matter. Two characteristics define matter:
matter occupies space and has mass.

As you begin reading this text, your view of matter resembles that of the earli-
est chemists who set out to study matter. You probably perceive the world around
you as boasting an unlimited number of different forms of matter (Figure 1.1). As it
turns out, you can actually classify matter into a surprisingly small number of cat-
egories, which are, in fact, the focus of this chapter. By the time you finish reading
Chapter 1, you will be familiar with the most fundamental categories for classifying
matter and you will be able to use them to help you identify any of the millions of
known materials. You will have begun to function as a modern chemist.

A modern chemistry student is using a
desktop computer to access a chemical
database containing the properties of
more than 10 million known compounds.
Any chemist may use this information to
help identify an unknown material or to
verify that he or she may have prepared a
new material with properties different from
materials previously registered.




All matter occupies space and has
mass, including these hot air balloons,
the gas within the balloons, the air
around the balloons, the gondolas, and
the grains of soil in the earth below.

Classification of matter is the process of arranging materials systematically into
a useful number of groups according to their properties, those characteristics that
are distinct for each material and that help you to identify them. Classifying informa-
tion is a process you do every day without consciously realizing it. You classify
automobiles as those that you particularly like and those you don't, as those that
have pizzazz and those that don't, and as those that are economical and depend-
able and those that aren't.

Make a list of the categories you use when you think about food, clothes, friends, jobs, and
courses you are taking (including this chemistry course).

If you compare the lists that you made for Problem 1 with those of a fellow
student, you will find that some of your categories agree, but others do not. Each of
you has made a list that is useful for your own needs. When scientists construct a
list of categories for classifying matter, they are looking for categories that are as
simple and as general as possible. Then these categories are likely to include all
materials, yet serve the needs of everyone studying those materials or trying to
identify them.

Discovering properties useful for the classification of matter will be our first task
in this text, as it was for the earliest investigators of matter. By grouping materials
according to similar properties, you will begin to understand the tremendous power
and increased capability you attain by simply organizing the information you have
on hand. In everyday language, classifying matter is just a way for you to “take
charge.” But “taking charge” of scientific information means that you will proceed in
a critical manner so that your efforts will be as useful as possible to anyone who
wants to build on your results.

1.2

As citizens of the late twentieth century, you have a decided advantage over early
investigators because you have absorbed some of the compiled scientific knowl-
edge of the last 200 years in your everyday experience. For example, consider the
following list of samples and think about how you might group them into three cat-
egories based on properties of the samples you have observed.

Samples of matter (Figure 1.2)

Gasoline Ice Distilled water Mercury
Table salt Oxygen Helium
Iron Carbon dioxide Rubbing alcohol

When you think about each of these materials, you usually visualize a particu-
lar form or physical state that each takes (Figure 1.2). For example, ice, iron, and
table salt are solids; distilled water, gasoline, mercury, and rubbing alcohol are
liquids; and carbon dioxide, helium, and oxygen are gases. So, a useful classifi-
cation system that you may readily choose involves identifying these samples as
solids, liquids, or gases. The grouping of these materials according to their physical
state is shown below.

Solids Liquids Gases

Ice Distilled water Carbon dioxide
Iron Gasoline Helium

Table salt Mercury Oxygen

Rubbing alcohol

Because you have long been aware of the characteristics of the three physi-
cal states, you recognize solids, liquids, and gases without realizing that you are
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Common examples of solids, liquids,
and gases. Solids include ice (in the ice
cubes), iron (in the nails), and table salt.
Liquids include distilled water, gasoline,
mercury, and rubbing alcohol. Gases
include carbon dioxide (in the fire
extinguisher), helium (in the balloons),
and oxygen. Water has been shown in
two of its three states—solid ice

and liquid.

[ Mercury

table 1 . 1 shape and volume characteristics of the three physical states

Physical state Shape Volume

Solid Definite shape. The shape does not depend Definite volume. The volume is fixed; e.g., an iron
on the container; e.g., the shape of an iron bar occupies a clearly defined amount of space.
bar is the same in a box or on the table.

Liquid Indefinite shape. The liquid takes on the shape Definite volume. The volume is fixed; e.g., a
of its container; e.g., the same amount of water cup of water has the same volume in a glass,
changes shape in a cup, glass, pan, or puddle. a pan, or spilled on the floor.

Gas Indefinite shape. A gas takes the shape of its Indefinite volume. The volume is not fixed but changes
container; e.g., the same amount of natural with the size of the container; e.g., a small amount
gas can be contained in a pipe or in a room. of natural gas that leaked from a pipe in a large

auditorium spreads to fill the entire room.

examining whether the shape and volume of each sample are definite when you
make your classification. Table 1.1 summarizes the shape and volume character-
istics of the three physical states. Note that only solids have both a definite shape
and a definite volume. Liquids have a definite volume only, not a definite shape,
because their shape takes on the shape of their container. Gases have neither a
definite shape nor a definite volume; they take on the shape of the container and
spread throughout the container to fill it no matter how big it is.

Usually you refer to the physical state of all matter at room temperature as a
standard for comparison. This is necessary because the physical state may change
as temperature changes. While you visualized one physical state for each of the
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Classification of changes in physical
states.

Icicles melting on a sunny day.

Higher temperature

Gas
(vapor)

Evaporation
or .
vaporization

A

Condensation

Sublimation /

Freezing

fusion

Lower temperature

materials in the classification example, each material may appear as either a solid,
liquid, or gas depending on its temperature. For example, water, which is a liquid at
room temperature (25°C), changes its state to a solid (ice) as the temperature
drops to freezing (0°C); it also changes its state to a gas (steam) as the tempera-
ture rises to boiling (100°C).

1.3

The processes for changing physical states are given in Figure 1.3. The arrows are
labeled with the names of each process, and the arrowheads indicate the direction
of the change between states. Here you can quickly see how the changes between
physical states may be more easily remembered because the changes have been
classified into three groups: between solid and liquid, between liquid and gas, and
between solid and gas. Each of these groups of changes occurs at its own specific
temperature for a given material and each may occur in either direction, depending
on whether heat is being added or taken away.

changes between solid and liquid

Melting is the term applied to the change as solid turns into liquid (Figure 1.4). Freez-
ing corresponds to the reverse process in which liquid turns into solid. Both processes
occur at the same temperature, called the melting point, freezing point, or tempera-
ture of fusion. The melting point is measured when the solid and liquid states are both
present, as shown in Figure 1.5 with a combination of solid ice and liquid water.

changes between liquid and gas

Evaporation and vaporization are terms applied to the change as liquid turns into
gas. Condensation corresponds to the reverse process in which gas turns into
liquid. The temperature at which bubbles form throughout a liquid and the liquid
becomes a gas is called the boiling point. The boiling point is measured when
liquid and gas states are both present, as shown in Figure 1.6 with a combination of
water and steam. Bubbles forming within the body of the liquid distinguish boiling
from evaporation. Below the boiling point, liquids still evaporate, but more slowly
than at the boiling point. You can smell the “fumes” (vapor) of gasoline or the aroma
of perfume at temperatures below their boiling points (Figure 1.7).
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