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Learning hints—often a reminder of
related material or a main idea.

References to a related module of the
Discover Chemistry CD-ROM in the
pocket inside the back cover.

Examples of ways to check your
work.

. Safety notes concerning both
everyday life and chemistry
laboratories.

TO STUDENTS

This book has been written to help you learn chemistry. Chemistry is one of the most
useful subjects you will ever study. Of course, we’re prejudiced, but we also think that
it is one of the most interesting, and hope that you will come to think so too.

Chemistry is useful because it is central to the other sciences and to engineering
as well as to life itself. In addition, your study of chemistry should help you to develop
a logical approach to solving problems that is applicable to all kinds of problems, not
just chemical problems.

As you begin, take a few minutes to get acquainted with this book. On the end-
papers inside the front cover and on the last leaf are tables of information that you will
find useful, including a listing of “Where to find it” that gives the numbers of the pages
where important information may be found. As usual, the table of contents is at the
front and the index at the back. Each chapter begins with a chapter outline and a para-
graph or two telling about the subject of the chapter. Then there are brief discussions
of why the material in the chapter is important to you, and what you already know
about the subject. You will probably be surprised to learn how much you do already
know about chemistry from your everyday life, even if this is your first formal chem-
istry course. The main part of the chapter helps you to build on what you already know.
The early sections usually include examples and discussions of chemical properties
and behavior that will help you understand the theories presented later in the chapter.

Throughout the chapters, you will find drawings, photographs, and graphs that
illustrate the material being discussed in the text. Study these and their captions care-
fully because they relate directly to the concepts you are learning. You may see some
of the reactions again in lab.

Marginal notes without logos are used to present related information without in-
terrupting the flow of the discussion. A key to the logos used for marginal notes is at
the left.

Besides building on what you know, another main theme of this text is the need
for a thoughtful, logical approach to problem-solving. The book provides you with
lots of assistance in developing your problem-solving skills. In each chapter, many
Sample Problems demonstrate the use of each important concept or skill, using
step-by-step explanations; Practice Problems let you check your understanding as
you go along.

The Summary at the end of each chapter resembles a glossary in narrative form
and gives the terms a meaning in context. Use it for a general review of the chapter
content. If you can’t remember the meaning of a term defined in an earlier chapter, use
the index at the back of the book to find the definition. Seeing the term defined in con-
text will help fix it in your mind.

The Additional Practice Problems are similar to the Practice Problems in the
chapter. Try to work them without referring to the book. If you get stuck, look at the



end of a problem for the section number (in parentheses) to which the problem is re-
lated; then restudy that section.

The Stop and Test Yourself questions are multiple-choice questions covering the
basic skills and concepts in the chapter. Check your answers in Appendix H before
going on to the higher-level problems that follow.

The Putting Things Together problems require you to combine skills from more
than one section of the chapter and from different chapters.

The Applications problems deal with real-world applications of chemistry. These
problems challenge you to demonstrate your mastery of chemical concepts and
problem-solving skills.

Answers to the blue-numbered problems are available in Appendix H. Other ap-
pendices help you learn chemical nomenclature, review mathematics, and give you
data you will need to solve problems. Solutions to the problems with blue numbers
are in the Student Solutions Manual. Answers and solutions to the problems with
black numbers may be available to you if your instructor wants you to have them. An-
swers and solutions to problems with red numbers are on the book’s web site. Also
available at the web site are practice quizzes and related links to topics discussed in
each chapter.

Advice on Studying
1. Find other students who are in your class to study with.

2. Schedule a regular time to study each day. Don’t wait until the week before an
exam to begin studying. The athletes on your favorite team practice regularly; they do
not stay up all night the night before the big game. In chemistry, explanations are usu-
ally based on concepts and skills learned previously; don’t let yourself get behind.

3. Do the assignments before coming to class. Read slowly and carefully. Try to
understand, not memorize. (However, some memorization is necessary; you cannot
learn to think without knowing something to think about. Use flash cards for memo-
rization.) Make sure you understand the worked-out examples, and do the in-chapter
problems and check your answers to them in Appendix H as you go along. (The an-
swers are in the appendix so that you don’t see them too soon accidentally, and to help
you resist the temptation to peek.) Write down any questions you have so you don’t
forget to ask them when you get to class.

4. After each class, review what you have just learned before beginning the next
assignment.

5. Pay careful attention to vocabulary. An important part of a first course in any
subject is learning the meaning of the terms used in the field (which, unfortunately,
do not always mean the same thing they do in everyday life or in other fields). In this
book, new terms are in boldface type and are defined (in italics) and explained as sim-
ply and accurately as possible. Most are also included in the summary at the end of
the chapter. If you do not remember the meaning of a term when you meet it again
later, use the index to find the definition. The index also includes references to other
places where the term is used, which may be helpful in reviewing. If you come across
unfamiliar words, look up their meaning in a dictionary.

6. If the amount of material to be learned seems overwhelming, use the first chap-
ter of the Study Guide to learn how to organize it. Different people have different
learning styles so a number of different methods of organization are described using
examples from the first chapters of this book. Choose the ones that suit you.

7. If you are having difficulty, use the help that’s available—your instructor’s and
teaching assistant’s office hours, for example. Many colleges and universities also
have computer programs, videodiscs, videotapes, CD-ROMs and other materials to
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assist you, as well as services such as reading and math labs, in addition to other soft-
ware that your instructor may make available to you.

8. The Discover Chemistry CD-ROM that comes with this text offers additional
information on most topics as well as a wealth of interactive practice problems that
help you visualize difficult concepts and hone your problem-solving skills. € in the
margin identifies where text-related material can be found on the CD-ROM. A sub-
scription to InfoTrac® College Edition % also comes with the text and provides full
articles from numerous chemistry and general science periodicals.

In writing this book, we have done our best to make chemistry both understand-
able and interesting. Please let us know where we have succeeded and where we have
failed so that we can do better in the fourth edition. Good luck!

Jean B. Umland Jon M. Bellama

Department of Natural Sciences Department of Chemistry and Biochemistry
University of Houston-Downtown University of Maryland

One Main Street College Park, MD 20742-2021

Houston, TX 77002-1001

TO INSTRUCTORS

Audience

This book is intended for a full-year general chemistry course for pre-engineering stu-
dents, pre-health profession students, and science majors, including chemistry majors.
It assumes that students know how to solve basic algebraic equations; however, no
previous study of chemistry or physics is assumed.

In our experience, most students are studying general chemistry for two reasons:
(1) to learn the chemistry needed for their other courses and future professions; (2) to
learn how to think scientifically. The second goal is often unconscious but is no less
important than the first. These goals have influenced our overall approach, as well as
many particular aspects of this book.

Approach

For students to learn to think scientifically, they must first have something to think
about; therefore, in this text, descriptive chemistry and theory are integrated. Reac-
tions, which we believe are the heart of chemistry, are introduced in Chapter 1, and
are the subject of much of Chapters 4, 8, 11, and 21. Throughout the book marginal
notes and footnotes, colored photographs, Related Topic boxes, and Applications
problems supply a wealth of facts about chemicals and chemical reactions. Both im-
portant inorganic compounds and common organic compounds are used as examples,
and applications include astronomy, biochemistry, biology, environmental chemistry,
geology, industrial chemistry and materials science, as well as everyday life. In the last
four chapters, where the descriptive chemistry of both inorganic and organic com-
pounds is the main focus, we have tried to pull together the material from earlier chap-
ters as much as possible. Students only master material by meeting it several times in
different contexts.

Readability

To make the material as easy as possible to understand, definitions and explanations
are written in familiar words: “make easier” rather than “facilitate,” for instance. Tran-



sitions between topics are smooth. The last paragraph of Section 8.4 on p. 278 is an
example. Also, more detail is often provided than in other texts. For example, most
texts simply list rules about the number of significant figures; this text explains where
the rules come from. We find that students who understand the rules are more willing
and better able to follow them. We think that one of students’ major problems in under-
standing chemistry is their lack of information that authors and instructors assume is
common knowledge. In the writing and in the presentation of problem-solving, we are
careful not to make assumptions or to leave out or combine steps. Just as a stranger
needs more detailed directions than someone who is familiar with a town, begin-
ning students need more details to understand chemical concepts than people trained
in the field.

What’s New in the Third Edition

Ui ST

In revising the text for its third edition, our major goal has been to build on existing
strengths and to respond to the many helpful suggestions made by instructors and stu-
dents who have used the first two editions. After reading the detailed comments pro-
vided by the reviewers of the second edition, we carefully went over every line of the
entire book correcting the seemingly inevitable mistakes, fine-tuning some parts and
completely rewriting others for greater clarity. In addition, we changed the positions
of some topics, and all information was updated where appropriate. The more exten-
sive changes that were made are noted in the Table of Contents of the Annotated In-
structor’s Edition.

Users of the text have consistently praised its in-chapter and end-of-chapter ped-
agogy, and we have built upon this solid base in the present edition. Each in-chapter
Practice Problem now references a related Additional Practice Problem at the end of
the chapter, creating paired problems for all basic skills and concepts. In addition, we
have included many more Additional Practice Problems in this edition. Some of these
problems (noted by red numbers) now come with answers and solutions available to
students via the Umland/Bellama student web site (http://www.brookscole.com/
umland.html).

A goal from the first edition has been to help students develop a strong concep-
tual understanding of the material. Beginning with the second edition and extended
with this third edition, we have included numerous problems and exercises that chal-
lenge students to translate their understanding of the mass behavior represented sym-
bolically by chemical equations into an understanding of what is happening at the
molecular level.

Conceptual understanding is just one part of the larger need to process new in-
formation and assess it in light of what is already known. Recently, the ability to read
and think critically has become even more important with the explosion of informa-
tion (and sometimes misinformation) available to students on the World Wide Web.
With this in mind, we have included a new type of problem, entitled What’s Wrong?,
at the end of each chapter as an opportunity to practice this skill. These problems ask
students to find and correct mistakes in material previously published in books, mag-
azines, newspapers, or on the Web, or often written as answers to test questions.

Molecular models have been an integral part of the text’s art program since the
first edition, and in this edition we have introduced the use of electron-density mod-
els as an alternative way to visualize the electronic structure of matter. These diagrams
are used both in the text and in end-of-chapter conceptual-based problems (see, for ex-
ample, p. 341).

Previous users of the book have praised the way that the text emphasizes the rel-
evancy of chemistry to diverse fields. The Related Topics are one obvious source of
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electron
density

Computer-generated slectron-density
models showing the distribution of the
charge cloud in H,, €1, and HCI by color
coding. Notice the symmetry of the charge
distributions in H, and Cl,. In HCI, on the
other hand, the charge distribution is not
symmetrical. The lowest electron density is
on H and the highest on CI. The charge
distributions were calculated by solving the
Schrodinger equation.
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126 4 +Reactions in Solution

A Related Topic:
Materials Science

f you are like most people, you have
ever given much thought to the ma-
terials that compose the things you use
every day. Few of the materials in the
photograph were available a hundred
years ago. For example, the carpet is
made of nylon, which was developed
in the 1930s. The walls are painted with
a water-based paint. These paints were
introduced in the late 1940s. Materials
science, the study of the synthesis of
new materials with improved proper-
ties for specific purposes, is one of the
most active fields of science today.
'he first humans used i

The 20th century materials used to decorate this room are easy to

facture, were m

|| Why is a study of chemical thermodynamics
and thermochemistry a part of general
chemistry?
A knowledge of thermodynamics gives scientists and engi-
neers the ability to predict which physical and chemical
changes are possible. (However, thermodynamics does not
provide any information about how fast possible changes take
place.) We begin our study of thermodynamics with thermo-
chemistry for two reasons: Heat is useful, and heat is easy to
measure.

 What do you already know about chemical
thermod, ics and thermoch ry?

From your everyday life, you know that some changes take
place naturally: Spilled peas roll all over the floor; at room tem-
perature, ice cubes melt, and the water spreads out; outside on
a cold winter's day, water freezes to ice; if set on fire with a

rv. (3) Theory—

such connections, and these boxes have been
updated where appropriate. In addition, new
Related Topics (for example, see the box on
Materials Science, p. 126) have been added.
The relevancy message is also illuminated
through the text’s Guest Essays (see the dis-
cussion later in this Preface under Special
Features). Guest Essayists new to this edition
are Senator Bill Frist, Astronaut Bernard Har-
ris, Biochemist Lynda Jordan, Molecular Mod-
eler Mark Murcko, and Materials Scientist
Milton Mathis. Finally, new Applications prob-
lems based on scientific news and research
findings published since the second edition
have been added.

The most obvious addition to the book’s contents is the inclusion of a dedicated
biochemistry chapter (Chapter 23) that includes all four of the most important types
of biomolecules—proteins, polysaccharides, nucleic acids, and lipids—as well as a
discussion of energy in living systems. Simple biochemical topics are integrated into
the discussion of fundamental topics in Chapters 1-19. The Related Topics on liquid
crystals (pp. 452-453) and nitric oxide (p. 376) are examples. The biochemistry
chapter includes new Related Topics on Prions and Combinatorial Chemistry.

Finally, as in the first two editions, we have striven to address and correct com-
mon textbook errors. For example, see the treatment of immiscible liquids as an en-

tropy effect (pp. 485-486).

Organization
Chapter Organization

Each chapter starts with a preview of its contents and ends with a summary. At the be-
ginning of each chapter is a “sales pitch” based on the answers to two questions that any

6.2 Why Changes Take Place 193

match, natural gas burns, providing far more heat than was
supplied by the match. Other changes must be made to take
place: Spilled peas must be picked up; indoors, water must be
put in the freezer to make ice cubes; a cake must be heated in
order to bake it.

You also know that many chemical reactions are carried
out to obtain heat. For example, the burning of fuels supplies
warmth in winter and hot water to keep us and our possessions
clean. Heat from the burning of fuels can be converted into
mechanical energy; it supplies power to move us around and to
manufacture all the things we can't get along without. Power
stations convert heat from the burning of fuels into electrical en-
ergy to light our lights, run our computers and TVs, and oper-
ate our appliances. However, supplies of fuels are limited, and,
also, we are beginning to find that the burning of fuels leads to
problems such as acid rain, thermal pollution, and the green-
house effect. Thus, an understanding of thermochemistry is im-
portant to everyone.

(left) Heat flows spontaneously from a hot
burner to a cooler pan and its contents.
(right) When the temperature rises above
freezing, ice spontaneously changes to
water.

student might reasonably pose. The first answer
tells the student why the chapter is part of the
study of general chemistry and why he or she
should be interested in learning what is in the
chapter. The answer to the second question re-
minds the student what he or she already knows
about the subject from everyday experience
and, in later chapters, from previous study. Next
some relevant experimental observations are in-
troduced and students are led to generalizations
about the data. Theory to explain the general-
izations is developed last. That is, the scientific
method is repeatedly illustrated, not just de-
scribed in the first chapter and then forgotten.
Our intention was to involve students in the dis-
covery process and let them experience the
“Aha!” feeling; we think that this is the best
way for them to learn how science works and
why scientists enjoy their work. Students who
have used the text have responded to this ap-
proach and have commented favorably.



Text Organization

Most general chemistry texts cover measurement and significant figures in the first
chapter. This book begins with an introduction to chemical reactions, so that the
first lessons—where students form their impression of the subject—are more inter-
esting. A whole chapter is devoted to measurement to emphasize the importance of
this subject. Advances in our ability to measure underlie most recent scientific ad-
vances. Early chapters provide plenty of material for laboratory work involving
chemical reactions as well as for quantitative experiments.

The concepts of enthalpy, entropy, and rate are introduced early (Chapter 6), and
used again and again throughout the book. Entropy is as important as, if not more im-
portant than, enthalpy in determining whether a change will take place and should, we
feel, have equal time. However, because experimental measurement of enthalpy
changes is much simpler than experimental measurement of entropy changes, en-
thalpy is treated quantitatively in Chapter 6, whereas a quantitative treatment of en-
tropy is postponed until Chapter 17. The quantitative treatment of kinetics follows
thermodynamics because, just as shooting at a moving target is harder than shooting
at a stationary one, kinetics is more difficult than thermodynamics. (If you prefer ki-
netics earlier, it can be done before Chapter 14.)

In some texts, gases are covered just before liquids and solids. But since the ma-
terial on gases forms the basis for the atomic theory, it is presented here before atomic
theory. As solids can’t very well precede chemical bonding, gases and solids are sep-
arated. If you prefer gases just before liquids and solids, Chapter 5 can be postponed.

We have tried to write an organic chapter
that will give students an idea of what modern
organic chemistry is about and how the or-

same atoms are joined together in different ways,

v=wer, are called isomers. Isoi oo - i

ganic chemistry of carbon fits into the rest of = @ (" @
chemistry. This approach seems preferable to SN/ 9 -
trying to cram the reactions of all the major j’ W Y

i s F

classes of compounds into one chapter as is
often done. Organic compounds are introduced
early (Section 3.9) and used repeatedly as ex-
amples throughout the book. However, the or-
ganic chapter is near the end so that it can use
the material discussed earlier, especially ki-
netics and stereochemistry. One has only to
glance at the abstracts of the papers from the
Organic Division of any meeting to see the
importance of chirality in contemporary organic chemistry. Therefore, stereoisomer-
ism comes early in Chapter 22. If models are used, stereochemistry is very concrete
and our students do not find it difficult.

Industrial representatives claim that the primary topic that is missing from col-
lege chemistry courses is a treatment of polymers. Certainly, the things that non-chem-
istry majors or even non-science students will read about in the popular press will
frequently involve synthetic polymers, and the general pervasiveness of polymers in
everyday life makes an introduction of this topic essential. Polymers are first men-
tioned in Problem 3.100. They are discussed briefly in Section 9.11 and again in more
depth at the end of the organic chapter. The biochemistry chapter provides a concise
introduction to the properties of the three most important classes of biopolymers
(proteins, carbohydrates, and nucleic acids).

Throughout the writing of this text, many reviewers mentioned topics that they
felt were valuable but optional. These optional topics are usually located at the ends
of chapters so that they may be easily assigned for reading only, or omitted entirely.

() Dimethyl ether

w
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@ Figure 3.4 Ball-and-stick {top) and
space-filling (bottom) models of the iso-
meric compounds ethyl aicohol and di-
methyl ether, The molecular formula of both
compounds is C,H,0 but the atoms are
joined together differently.
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See, for example, the section on the calculation of atomic and ionic radii and
Avogadro’s number in Chapter 12, or the section on colloids in Chapter 13. Later
chapters do not assume knowledge of material in these optional sections.

Problems and Problem-Solving
In-Chapter Problems

NONsta

lard conditions as we will see in Section 19.3. Sample Problem 19.1 itlustrates
the calculation of @ standard cell potential from standard half-cell reduction potentials
in Table 19.1.

m SAMPLE PROBLEM

19.1 Caleulate the standard cell potential, £, for the reaction
2Ag(s) + Cu ——> 2Ag" 4 Cuis)

and predict whether this reaction will take place spontancously.

SOLUTION The standard potential for a cell is the difference between the reduction poten-
tials of the two half-cells that make up the cell (equation 19.2):

Efy = E

[ 2 p—— 19.2)

For the reaction in this problem, the half
hatt-cell of oxidation is Ag” + ¢ -

1 of reduction is Cu'* + 207~ Cus), and the

19.5)

From Table 19,1, ¥, oo,
equation 19.5 gives

ElLy=+034V - (+080 V) = -046 V
Because 7, iy negative, reaction is nonspontancous.
Check: The diagonal relationship can be tsed to check the sign of the value obtained for £7,
Ag' + ¢ —> Agy) 0R0
Cu™ + 2¢" —> Cu(s) 034

In Table 19.1, Cu™ in the left column is bel

Ag(s) in the right column; reaction between Cu™
and Ag(s) is not spontancous, and the sign of £9,, should be negative, as it is.

19.2 Standard Cell Potentials 753

Top: Copper metal immediately after being
placed in 1 M HNO,. Bottom: Eight hours
later. The surface of the copper has been
etched, and the solution shows the biue
color of Cu™ (ag).

Notice that you can calculate a cell

potential by changing the sign for the
half-reaction that takes place In the reverse
direction from the one shown in Table 19.1
and adding. Some general chemistry
instructors prefer to calculate cell potentials
in this way.

Always check to be sure your work is
reasonable.

Many worked-out Sample Problems are pre-
sented as examples throughout the chapters.
Some teach students to use pictures and
graphs—things experienced scientists usually do
but students do not. In the Sample Problems, we
have tried to teach students to use a thoughtful
and logical approach to problem-solving rather
than simply memorizing procedures or using di-
mensional analysis as a substitute for thought.
Dimensional analysis is stressed as a way to
check answers, and the importance of checking
work is emphasized by the “reasonableness
checks” that conclude many Sample Problems.

An example has not been included for
every kind of problem, however. Where we
feel that the explanation in the text is adequate,
we ask the student to answer questions without
a Sample Problem. Students need to realize
that they are supposed to be learning to solve
problems, not just to follow an example. The

concentration of Sample Problems decreases toward the end of the book; by the time
they reach the final chapters, students should need worked-out examples only for com-
pletely new processes.

n. PRACTICE PROBLEMS

4.16 How should cach be represented in an ionic equation for & reaction that takes place in
aqueous solution? () calcium carbonate, (b) nitric acid. (¢) acetic acid, (d) magnesium chlo-
ride, (¢) iron(1) hydroxide. (Matching Problem: 4.53)

4.17 ‘The molecular equation for the reaction between hydrogen sulfide gas and a solution of
zine(11) nitrate in water is H.S(2) + Zn(NO,)(aq) —> ZnS(s) + 2HNI (a) Write the
complete ionic equation. (h) Which ions are spectator ions? (¢) Write the net ionic ¢qf
(d) Give the molecular formula for another soluble zine salt that will give the same ne
tion. (Matching Problem: 4.5

4.18 Write complete and net jonic equations for the reactions in Practice Problem 4.15.
(Matching Problem: 4.55)

lonic equations are often used to describe reactions between electrolytes. How-
equations are ne ical work in the laboratory and indus-
gkind ol negative io

In the chapters, Sample Problems are usually followed by one or

End-of-Chapter Problems

more Practice Problems. These give students a chance to work prob-
lems similar to the examples and to reinforce their understanding of
skills and concepts. We have included more problems than usual
within the chapter text because in-chapter problems encourage stu-
dents to be active, not passive, readers. Students who work through
the in-chapter problems will gain a much better understanding of
concepts and skills than those who simply read the text. All Practice
Problems are paired with the end-of-chapter Additional Practice Prob-
lems. Answers to all of the in-chapter problems appear in Appendix
H, and solutions are available in the Student Solutions Manual.

The end-of-chapter problems begin with Additional Practice Problems. These are
drill-and-practice, similar in difficulty and covering the same skills as the in-chapter prob-
lems. These Additional Practice Problems are numbered in continuous sequence with the
in-chapter Practice Problems. Approximately 85% of them are followed by a parentheti-
cal notation indicating the section of the chapter to which the problem refers. Not all of these
problems are classified, however; classifying problems is an important skill that students
need to practice. The section or sections to which each unclassified problem relates are
available on the instructor’s web site to aid you in assigning a good selection of problems.



The next group of problems is called Stop and Test Yourself. It is a multiple
choice self-test covering the basic skills and concepts from the chapter so that students
can quickly check their readiness to go on to the higher-level problems that follow.
Also, skill in taking this type of test is important to many students (for admission to
medical school, for example), and they need practice. Answers appear in Appendix H,
along with the number of the section to be re-studied if the student answers the ques-
tion incorrectly. The answers are explained in the Student Solutions Manual. The self-
tests are in the book, not in the Study Guide, because the students who most need the
self-tests are, in our experience, those least likely to use ancillaries.

The self-test is followed by Putting Things Together problems. Many students
can do all of the individual operations, but have trouble putting them together. The
Putting Things Together problems help students become better problem-solvers by
requiring them to combine material from different sections of the current chapter or

material from the current chapter with mater-
ial from earlier chapters.

Next come Applications problems in
which students must apply chemical skills and
concepts to real-world problems. These prob-
lems appear after students have had a lot of
practice with “generic” problems.

Finally, the last group of problems are
called What’s Wrong? and are new to this
edition. Throughout all scientific disciplines,
there has been an increasing consensus that
students need practice on critically assessing
what they read. These problems address this
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WHAT’S WRONG? "

The ability to read critically is an important skill. Like other skils, it is
learned by practice. "What's Wrong?" questions give you an opportunity
1o practice. Each problem contains one or more mistakes, Some are
from baoks, magazines, newspapers, or the World Wide Web, Others
are common student errors. ldentify the part or parts of each problem
that are wrong and correct the errars. Answers to problems with blue
numbers appear in Appendix H. Solutions for these problems are in the
Student Solutions Manual.

L

L2

L3

L4

A recent magazine article begins, “Of the four compounds
(Co, N, NO,and 0,)....."

“The symbol for (a) gold is Gd; (b) cobalt is CO: (¢) silicone is
Si: (d) cadmium is Ca; (¢) iron is Ir

The formula for (a) aluminum oxide is ALO.; (b) potassium
fluoride is KF; (¢) magnesium chloride is MgCl: (d) oxygen
baride is BaO: (¢) the compound formed by combining the
ions HSO, and Zn* is (HSO,) Zn.

The equation for (a) the reaction of nitrogen and hydrogen (o
form ammonia is Nu(g) + H.(g) —> 2 )i (b) the de-
composition of water (o hydrogen and o

1116

1Lus

(¢) the combustion of methane is 2CH (g) + 204g) —>
2C0,(g) + 4H.0(g),

S The atoms that compose the mineral corundum [problem

LTIO (b)] form a molecule.
Solid sodium chloride consists of enormous numbers of Na
and CI" ions.

7 A number of substances are added 10 tobacco for various rea

sons, such as o improve the flavor of cigarettes. The Bureau
of Alcohol, Tobacco, and Firearms, which regulates the to-
bacco industry. assumes that these additives are safe if they are
approved by the Food and Drug Administration for use in
foods and beverages. What is wrong with this assumption?

ge shipment of
explosives, including 50 bags of powdered nitrogen.”

need by asking students to identify and correct Hod
mistakes in previously published materials.

The end-of-chapter problems range from
simple to fairly challenging so that the level of
the course can be tailored to suit different audiences. Many more prob-
lems are provided than any student will have time to do so that prob-
lem assignments can be varied from year to year. Solutions to all the
in-chapter Practice Problems and end-of-chapter problems (with blue
numbers) are given in the Student Solutions Manual, for the benefit of
instructors who like their students to have solutions available. (For the
same problems presented in the Student Solutions Manual, the answers
only are provided in Appendix H.) Answers and solutions to Addi-
tional Practice Problems with red numbers are on the book’s web site.
Answers and solutions to the remaining end-of-chapter problems are
given in the Instructor’s Solutions Manual and therefore are available
only to students whose instructors want them to have them.

§£ecial Features

Guest Essays

Guest Essays between the chapters give students perspective on the im-
portance of chemistry to life after college. In these, people of various
backgrounds and ages (some not much older than most students) reflect
on their experiences in general chemistry, and describe the role of chem-
istry in their work. Every student should be able to find a role model. As
students study chemistry throughout the year, these essays encourage
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thered to the space shuttle Discovery,
a fleeting thought of fundamental
chemistry principles crossed my mind.
Here I was, orbiting the Earth at 17 500
miles per hour, insulated from the ele-
ments by a relatively thin protective space

i

suit. Without the protection of the suit, I

ing tempera-

class took it seriously until the day of the
Trash Can Explosion. We were taught
safety measures from the first day of school
and cautioned about what could happen if
certain chemicals were accidentally com-
bined. Nevertheless, one day one of my
classmates was cleaning up after an experi-
ment and carelessly threw something in the
trash can. The remains of an earlier experi-
ment were already there, and the reaction
that followed really got our attention. A
very loud bang was followed by black
smoke billowing from the trash can,
Chemistry was easy for me because it
helped me make sense of the world around
me. Basic chemistry classes prepared me

for the more advanced courses such as bio- |

chemistry that I would need to complete
my undergraduate degree in biology at the
University of Houston. I was then accepted
into the Texas Tech University School of
Medicine. Without chemistry, understand-
ing the complex cellular actions in the body
and its diseases as well as pharmacology
would be impossible.

1T was accepted by NASA as an astro-
naut candidate in 1990, This beginning pro-
gram lasts for a year and consists of intense
training in flight, survival on land and sea,
instruction in shuttle systems. and advance

study in astronomy, geography, physics, ge- ‘w‘

ology, and, yes, more chemistry.
In April 1993, T was ready o gmimile




XXX Preface

them to believe that they can succeed and remind them that an understanding of
chemistry can lead to many opportunities and be of value in many different careers.

Accuracy

Research has shown that even competent scientists retain wrong information and in-
efficient ways of doing things if they learn them first. Material simplified for begin-
ning students should be correct; those who go on in science should not have to
unlearn anything. Therefore, in addition to the usual reviews by teachers of general
chemistry, many chapters have also been reviewed by chemists who are specialists in
the area concerned, and by colleagues in related fields such as astronomy, biology, ge-
ology, and physics. We have tried very hard to avoid “common textbook errors” and
to use the best available data. The treatment of the relationship between solubility and
solubility product constant (pp 642—-650), which has been cited in a recent paper as
the only appropriate treatment of this topic in a general chemistry text (see p. 643 for
reference), is an example. Where the treatment is different from that in other texts, ref-
erences to the literature are given in the Instructor’s Annotated Edition.

Instructor’s Annotated Edition

We have prepared a special edition of the text for the use of instructors. The Instruc-
tor’s Annotated Edition contains marginal comments in magenta to signal the location
of related material, to explain why a particular approach is used, to cite references to
the chemical literature, and so forth. Most of these red notes to instructors are derived
from “dialogues” that were carried on between the reviewers and ourselves through
many drafts of the text. In addition, new to this edition are transparency icons that
identify the figures, tables, and boxes that are included in the transparency package.

Su&plements

VI
An extensive package of supplements is available to support both the instructor and
the student. It includes:

For Students

Discover Chemistry CD-ROM, Version 2.0 by Jeffrey Appling (Clemson Univer-
sity) and David Frank (California State University, Fresno). This dynamic, highly
interactive multimedia tool now contains newly developed Web-based resources, in-
cluding additional topic modules (e.g., organic chemistry, nuclear chemistry), as-
sessment tools, hot links to the best online chemical sites, and real-world chemistry
material. Hundreds of exercises and practice problems on fully interactive topic mod-
ules provide a “virtual tutor” environment for chemistry students, providing practice
in visualizing difficult concepts, changing parameters and predicting outcomes, and
interacting with a variety of graphical models and experimental setups. Icons in the
Umland/Bellama text direct students to modules on Discover Chemistry where addi-
tional help and assessment can be found.

The Chemistry Resource Center Arranged according to the table of con-
tents, this complete network of online resources is specifically designed to support you
and your students. The resource center provides monthly updates on relevant chem-
istry applications, as well as practice quizzes for each chapter, flash cards for glossary
terms, critical thinking exercises, news groups, and a forum in which professors can
share ideas on teaching chemistry. Also featured is a demonstration of Discover
Chemistry 2.0 and solutions to the end-of-chapter problems numbered in red. The
URL is http://chemistry.brookscole.com/umland.html



InfoTrac® College Edition A fully searchable, online university library that
includes full articles from more than 700 scholarly and popular periodicals. Publica-
tions date back as many as four years. This online university library is available at any
time of day or night.

Study Guide by Kenneth J. Hughes of the University of Wisconsin. Each chap-
ter includes a review of the text material followed by sample problems. Chapters con-
clude with diagnostic self-test questions and a variety of practice problems. Outline
solutions are provided for all practice problems. An introductory chapter on reading
and learning scientific material has been written with specific reference to the text-
book; it provides practical strategies for learning chemistry, with particular emphasis
on vocabulary.

Student Solutions Manual by Juliette Bryson of Los Positas College and Jean B.
Umland of University of Houston-Downtown. This manual provides complete solu-
tions to all of the in-chapter practice problems and all of the end-of-chapter problems
indicated by blue numbers.

Essential Math for Chemistry by David Ball of Cleveland State University. This
workbook is written to help students learn or review the math skills required for suc-
cess in general chemistry. Numerous examples and exercises give students extensive
opportunity for practice.

Experiments in General Chemistry: Laboratory Manual to Accompany
General Chemistry, 3rd ed. by Steven L. Murov of Modesto Junior College. This
manual contains 34 experiments, corresponding to material covered in the main text,
along with pre-laboratory exercises, discussion sections, and detailed appendices.
The presentation often uses an “inquiry”” approach and emphasizes connections be-
tween text topics and lab experiences. Safe laboratory practices are emphasized, and
the use of hazardous substances is limited to the minimum amount required for reli-
able results.

For Instructors

Instructor’s Solutions Manual by Juliette Bryson of Los Positas College and Jean B.
Umland of the University of Houston—-Downtown. This manual contains solutions to
all problems from the main text that do not appear in the Student Solutions Manual.

Instructor’s Guide for Experiments in General Chemistry: Laboratory
Manual to Accompany General Chemistry, 3rd ed. by Steven L. Murov of
Modesto Junior College. The Instructor’s Manual gives answers to the pre-laboratory
exercises, guidance on conducting the 34 laboratory experiments, lists of recom-
mended equipment, chemicals and safety measures, and detailed appendices.

Instructor’s Resource Manual (on the Web) by Jean B. Umland and Jon M.
Bellama of the University of Maryland. This supplement provides a variety of infor-
mation, including suggestions for adapting the text to courses of different organiza-
tions, lengths, levels, and emphasis; section number references for all unclassified
problems; additional text sections for reproduction as handouts; suggested classroom
demonstrations; and other resources.

Test Manual by Jon M. Bellama. The test manual contains over 2400 questions
in multiple-choice format. The questions are arranged into pre-printed test forms, with
answers, for each chapter in the main text.

Transparency Acetates Over 200 transparency acetates containing illustra-
tions, tables, and figures from the main text.

Thomson World Class Network includes a repository of learning modules,
combined with a robust instructional system to deliver interactive teaching and learn-
ing via the Web.
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Thomson World Class Learning and Testing Tools A fully integrated suite
of test creation, delivery, and classroom management tools, including World Class Test
and Test Online and World Class Management software. It enables the instructor to
create tailor-made tests, post and/or administer them online, and manage classroom
records and results.

ChemLink A lecture tool designed to help the instructor create dynamic pre-
sentations by assembling lecture notes, images, animation, sounds, QuickTime movies,
and items from the publisher’s database on CD-ROM or the Internet. Presentations can
be saved to a word processor or converted to HTML and posted to the Web.

General Chemistry Powerpoint CD-ROM by James K. Hardy of the Univer-
sity of Akron. Available for Macintosh and Windows, the General Chemistry
CD-ROM contains more than 1200 colorful electronic transparencies for use in lec-
ture. Clearly labeled images are grouped into topical units and include animations. Im-
ages may be edited using Powerpoint 4.0.

Videodisc The General Chemistry videodisc contains demonstrations and ex-
periments that are difficult, expensive, or dangerous to perform in class. Most of the
experiment footage is original, developed specifically for this text. Much of the artwork
from the text is also included, with animation when motion is inherent to the concept.

Tutorial Videotapes Instructional tapes on Graphing Scientific Information and
Using a Scientific Calculator have been created for this text by Michael Clay of the
College of San Mateo.
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