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he Preface of a textbook is one of the most difficult sections to write. In the past five

editions, Bill Masterton and I would go for a long lunch and talk about the items we

wished to include in the Preface. Lunch (always a cheeseburger and fries for Bill, un-
less there was mackerel and fried okra on the menu) always ended with Bill saying, “You
write your outline of the Preface, and I will flesh it out.” For this edition, there was no long
lunch, no one to talk to, and no one to flesh out my outline. But I will try to flesh out the
ideas that Bill and I talked about in one long phone call. These are the questions we tried to
answer. :

Why Do We Continue to Write a Short Book?

With rising tuition costs, depleted forests, and students’ aching backs, the answer is obvious.
The cartoon on this page illustrates one of our reasons. We remained steadfast in our belief
that it should be possible to cover a text completely (or at least almost completely) in a two-
semester course. The students justifiably ask why they have to pay for 1000-page books with
“stuff” that is never covered in the course. We still do not have a good reason, so a 600-plus-
page book was the aim for the sixth edition.

How Will We Write This Edition of a Short Book?

After we bemoaned the common perception that a short book is a low-level book, we reiter-
ated our commitment to the principle that in treating general concepts in a concise way we
would not sacrifice depth, rigor, or clarity. Our criteria for including material continue to be
its importance and relevance to the student, not its difficulty. To achieve this, we decided on
a three-pronged approach.

1. Eliminate repetition and duplication wherever possible. Like its earlier editions, this text
uses:

= Only one method for balancing redox reactions, the half-equation method intro-
duced in Chapter 4.

= Only one way of working gas-law problems, using the ideal gas law in all cases
(Chapter 5).

= Only one way of calculating AH (Chapter 8), using enthalpies of formation.

= Only one equilibrium constant for gas-phase reactions (Chapter 12), the thermody-
namic constant K, often referred to as K. This simplifies not only the treatment of
gaseous equilibrium, but also the discussion of reaction spontaneity (Chapter 17) and
electrochemistry (Chapter 18).

2. Relegate to the appendices or “Chemistry: Beyond the Classroom” essays topics ordinarily
covered in texts of 1000 or more pages. Items in this category include:

s MO (molecular orbital) theory (Appendix 5). Our experience has been (and contin-
ues to be) that although this approach is important to chemical bonding, most gen-
eral chemistry students do not understand it but only memorize the principles dis-
cussed in the classroom.

With textbook loads ever increasing, many
students are finding alternatives to backpacks.



= Nomenclature of complex ions and organic compounds. We believe that this material
is of little value in a beginning course. The students promptly forget how to name a
complex ion, because they have little chance to use the rules. The naming of organic
compounds seems better left to a course in organic chemistry.

# Qualitative analysis. This is summarized in a couple of pages in an essay in Chapter
16 in the “Chemistry: Beyond the Classroom” section. An extended discussion of the
qual scheme and the chemistry behind it belongs in a lab manual, not a textbook.

= Biochemistry. This material is traditionally covered in the last chapter of general
chemistry texts. While we have included several biochemical topics in the text
(among them a discussion of heme in Chapter 15 and carotenoids in Chapter 6),
we do not see the value of an entire chapter on biochemistry. Interesting as this
material is, it requires a background in organic chemistry that first-year students
lack.

. Avoid superfluous asides, applications to the real-world, or stories about scientists in the

exposition of principles. We have incorporated many applications in the context of prob-
lems and some of the exposition of general principles. In general, however, we have stayed
with a bare-bones approach. Students can easily be distracted by such interesting tidbits
while they are striving hard to understand the concepts. We have put some of our favorite
real-world applications and personal stories about scientists in separate sections, “Chem-
istry: Beyond the Classroom” and “Chemistry: The Human Side”” Our students tell us that
they read these two sections first and that these sections are the parts of the book that they
“really enjoy the most.” (Talk about faint praise!) They do admit to enjoying the marginal
notes too.

How Will the Sixth Edition Differ from the Fifth Edition?

Although the principles of general chemistry do not change, there are always many ways to
make a text better, more user-friendly, more interesting. It was our hope that if a student com-
pared the fifth edition to the sixth edition, he or she would say, “The revision was worth having.
It let me understand better” (We doubted that students would be that forthcoming—but we
hoped anyway!) The changes that we decided to make in pursuit of that hope are:

Upgrading the in-text Examples. About 30% have been revised, to raise the rigor of the
quantitative examples and deepen the conceptual understanding of the principles. Many
students have admitted (because of the proverbial lack of time) that instead of solving
problems at the end of the chapter, they did the Examples (because they had the solution
right there to look at). They complained that some of those Examples were too simple to
help them prepare for homework and exams.

Adding new end-of-chapter questions and problems. There are almost 200 new end-of-
chapter questions and problems, many of them conceptual.

Continuing the process of updating static art to new balloon-caption art in which expla-
nations previously presented in the text narrative or figure captions move into the art it-
self. We felt that today’s students are more likely to see and understand it with such
placement.

Updating and modernizing photographs and molecular models.

Revising the style for presenting graphs to make them clearer.

Inviting contributing authors to write essays about their current or recent research. There
are four new essays for the end-of-chapter sections called “Chemistry: Beyond the
Classroom.”

Fully integrating, for the first time, Chemistry: Principles and Reactions with the OWL
web-based chemistry learning system and assessment tool. Select end-of-chapter Ques-
tions and Problems from this edition are available in OWL with chemical and numeric
parameterization, to provide students with a mastery learning environment and online
graded homework. These problems are correlated to the Key Concepts summary list at
the end of each chapter. OWL is described in more detail later in this Preface.
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SUPPORT MATERIALS

A full complement of supporting materials to assist the instructor and student are available
for use with this text.

For the Instructor

Supporting instructors’ materials are available to qualified adopters. Please consult
your local Cengage Learning, Brooks/Cole representative for details. Visit academic
.cengage.com/chemistry/masterton to:

See samples of materials.

Request a desk copy.

Locate your local representative.

Download electronic files of the Instructor’s Manual, the Test Bank, and other help-
ful materials for instructors and students.

Instructor’s Manual by Cecile N. Hurley, University of Connecticut
ISBN-10: 0-495-38768-1; ISBN-13: 978-0-495-38768-8

This manual includes lecture outlines, lists of demonstrations for each chapter, and
worked-out solutions for all of end-of-chapter Questions and Problems that do not have an-
swers in Appendix 6 of the text (and the Student Solutions Manual). Electronic files of the
Instructor’s Manual are available on the PowerLecture CD-ROM and on the instructors’
companion site at academic.cengage.com/chemistry/masterton.

Test Bank
ISBN-10: 0-495-38769-X; ISBN-13: 978-0-495-38769-5

This question bank features more than 1000 multiple-choice, five-part questions. Elec-
tronic files of the Test Bank are available on the PowerLecture CD-ROM. BlackBoard and
WebCT formatted files for the Test Bank are also available on the instructor’s companion site
at academic.cengage.com/chemistry/masterton.

OWL: Online Web-based Learning by Roberta Day and Beatrice Botch of the University
of Massachusetts, Amherst, and William Vining of the State University of New York at
Oneonta

Used by more than 300 institutions and proven reliable for tens of thousands of students,
OWL offers an online homework and quizzing system with unsurpassed ease of use, reli-
ability, and dedicated training and service. OWL makes homework management a breeze
and helps students improve their problem-solving skills and visualize concepts by providing
instant analysis and feedback on a variety of homework problems, including tutors, simula-
tions, and chemically and/or numerically parameterized short-answer questions. OWL is the
only system specifically designed to support mastery learning, where students work as long
as they need to master each chemical concept and skill. To view an OWL demo and for more
information, visit academic.cengage.com/owl or contact your Brooks/Cole representative.

New to OWL!
For the sixth edition, approximately 20 end-of-chapter questions (marked in the text with m)
can be assigned in OWL.

The e-book in OWL is a complete electronic version of the text, fully assignable and
linked to OWL homework. This exclusive option is available to students with instructor per-
mission. Instructors can consult their Brooks/Cole representative to determine the best op-
tion: access to the e-book can be bundled with the text and/or ordered as a text replacement.
Please consult your Brooks/Cole representative for details.

Learning Resources allow students to quickly access valuable help to master each home-
work question with integrated e-book readings, tutors, simulations, and exercises that ac-
company each question. Learning Resources are configurable by instructors.

Preface



More new OWL features:

New student Learning Resources and Toolbars.

New Answer Input tool for easy subscript and superscript formatting.
Enhanced reports that give instant snapshots of your class progress.
Easier grading access for quick report downloads.

New Survey and Authoring features for creating your own content.
Enhanced security to help you comply with FERPA regulations.

A fee-based access code is required for OWL. OWL is available only to North American
adopters.

Instructor’s PowerLecture CD-ROM with ExamView®
ISBN-10: 0-495-38770-3; ISBN-13: 978-0-495-38770-1
PowerLecture is a one-stop digital library and presentation tool that includes:

= Prepared Microsoft® PowerPoint® lecture slides covering all key points from the text in
a convenient format that you can enhance with your own materials or with additional
interactive video and animations on the CD-ROM for personalized, media-enhanced
lectures.

= Image libraries in PowerPoint and in JPEG format that contain electronic files for all text
art, most photographs, and all numbered tables in the text. These files can be used to
print transparencies or to customize your lectures.

m Electronic files for the Instructors Manual, Test Bank, and Cooperative Learning
Worksheets.

m Sample chapters from the Student Solutions Manual and Study Guide.
ExamView® testing software, with all the test items from the printed Test Bank in elec-
tronic format, that enables you to create customized tests of up to 250 items in print or
online.

Cooperative Learning Worksheets by Cecile N. Hurley, University of Connecticut
" Available for download from the Instructor’s Companion Site and on the PowerLecture
CD-ROM.

This collection of worksheets (about three per chapter) is for students to use in collabora-
tive groups. Designed to stimulate group activity and discussion, the questions provided on
each worksheet are equally conceptually and quantitatively oriented. Also included are in-
structions for use, information on how to guide student discussion, and supporting data on
the success of cooperative learning at the University of Connecticut.

For the Student

Visit the student companion website at academic.cengage.com/chemistry/masterton
to see sample materials of selected student supplements. You can purchase any
Brooks/Cole product at your local college bookstore or at our preferred online store
www.ichapters.com.

Student Solutions Manual by Richard L. Nafshun, Oregon State University
ISBN-10: 0-495-38767-3; ISBN-13: 978-0-495-38767-1

This manual includes complete solutions to all end-of-chapter Questions and Problems
answered in Appendix 6, including the Challenge Problems. The author includes references
to textbook sections and tables to help guide students to use the problem-solving techniques
employed by the authors. Selected solutions from each chapter, identified by the wee icon,
are on the student companion site at academic.cengage.com/chemistry/masterton.

Study Guide/Workbook by Cecile N. Hurley, University of Connecticut
ISBN-10: 0-495-38766-5; ISBN-13: 978-0-495-38766-4

This study aid contains additional worked examples and problem-solving techniques
that complement and expand on those presented in the textbook. Each chapter also includes

XX
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an outline with fill-in-the-blanks for students to complete, exercises, and self-tests to help
gauge mastery of the chapter. Sample chapters are available for review on the student com-
panion website at academic.cengage.com/chemistry/masterton.

CengageNOW

CengageNOW’s online self-assessment tools give you the choices and resources you need
to study smarter. You can explore a variety of tutorials, exercises, and simulations (cross-
referenced throughout the text by margin annotations) or take chapter-specific Pre-Tests and
get a Personalized Study plan that directs you to specific interactive materials that can help
you master areas where you need additional work. Access to CengageNOW for two semes-
ters may be included with your new textbook, or can be purchased at www.ichapters.com
using ISBN 0-495-39431-9.

Go Chemistry for General Chemistry
27-Module Set ISBN-10: 0-495-38228-0; ISBN-13: 978-0-495-38228-7

These new mini video lectures, playable on video iPods, iPhones, and MP3 players as
well as on iTunes, include animations and problems for a quick summary of key general
chemistry concepts. e-Flashcards in selected modules briefly introduce a key concept and
then test student understanding of the basics with a series of questions. Modules are also
available separately. Go Chemistry is included in CengageNOW. To purchase, enter ISBN
0-495-38228-0 at www.ichapters.com.

OWL for General Chemistry
See description of this online homework and quizzing system under Instructor’s Support
Materials. '

Essential Algebra for Chemistry Students, second edition, by David W. Ball, Cleveland
State University
ISBN-10: 0-495-01327-7; ISBN-13: 978-0-495-01327-3

This short book is intended for students who lack confidence and/or competency in the
essential mathematical skills necessary to survive in general chemistry. Each chapter focuses
on a specific type of skill and has worked-out examples to show how these skills translate to
chemical problem solving.

Survival Guide for General Chemistry with Math Review, second edition, by Charles H.
Atwood, University of Georgia
ISBN-10: 0-495-38751-7; ISBN-13: 978-0-495-38751-0

Intended to help you practice for exams, this “survival guide” shows you how to solve
difficult general chemistry problems by dissecting them into manageable chunks. The guide
includes three levels of proficiency questions—A, B, and minimal—to quickly build confi-
dence as you master the knowledge you need to succeed in your course.

For the Laboratory

Brooks/Cole Lab Manuals

Brooks/Cole offers a variety of printed manuals to meet all general chemistry laboratory
needs. Visit the chemistry site at academic.cengage.com/chemistry for a full listing and de-
scription of these laboratory manuals and laboratory notebooks. All Brooks/Cole lab manu-
als can be customized for your specific needs.

Signature Labs—for the customized laboratory

Signature Labs (www.signaturelabs.com) combines the resources of Brooks/Cole, CER,
and OuterNet Publishing to provide you unparalleled service in creating your ideal custom-
ized lab program. Select the experiments and artwork you need from our collection of con-
tent and imagery to find the perfect labs to match your course. Visit www.signaturelabs.com
or contact your Brooks/Cole representative for more information.

CENGAGENOW"
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To the Student

ow've probably already heard a lot about your general chemistry course. Many think

it is more difficult than other courses. There may be some justification for that opin-

jon. Besides having its very own specialized vocabulary, chemistry is a quantitative
science, which means that you need mathematics as a tool to help you understand the con-
cepts. As a result, you will probably receive a lot of advice from your instructor, teaching as-
sistant, and fellow students about how to study chemistry. We hesitate to add our advice; ex-
perience as teachers and parents has taught us that students do surprisingly well without it.
We would, however, like to acquaint you with some of the learning tools in this text. They are
described in the pages that follow.

Learning Tools in Chemistry: Principles and Reactions, Sixth Edition

Examples
In a typical chapter, you will find ten or more Examples, each designed to illustrate a particu-
lar principle. These have answers, screened in color. Most of them contain a Strategy state-
ment, which describes the reasoning behind the Solution. You should find it helpful to get
into the habit of working all problems this way. First, spend a few moments deciding how the
problem should be solved. Then, and only then, set up the mathematics to solve it.

Many of the examples end with a Reality Check, which encourages you to check whether
the answer makes sense. We hope you will get into the habit of doing this when you work
problems on your own in quizzes and examinations.

Graded Examples
Throughout the text, you will encounter special Graded Examples. A typical Graded Example
looks as follows:

Graded

For the reaction

A+ 2B—>C
determine

#(a) the number of moles of A required to react with 5.0 mol of B.
##%(b) the number of grams of A required to react with 5.0 g of B.
#%%(c) the volume of a 0.50 M solution of A required to react with 5.0 g of B.
##%% (d) the volume of a 0.50 M solution of A required to react with 25 mL of a solu-
tion that has a density of 1.2 g/mL and contains 32% by mass of B.

There are two advantages to working a Graded Example.

1. By working parts (a) through (d) of this sample in succession, you can see how many dif-
ferent ways there are to ask a question about mass relations in a reaction. That should
cushion the shock should you see only part (d) in an exam.
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2. The parts of the Graded Example do not just progress from an easy mass relations ques-
tion to a more difficult one. The value of the Graded Example is that the last question as-
sumes the ability to answer the earlier ones. You may be able to answer parts (a) and (b)
with a limited understanding of the material, but to answer part (d) you need to have
mastered the material.

Use the graded example as you review for exams. Try to skip the earlier parts—in this
case (a), (b), and (c)—and go directly to the last part, (d). If you can solve (d), you do not
need to try (a), (b), and (c); you know how to do them. If you can't, then try (c) to see where
you may have a problem. If you can’t do (c), then try (b). As a last resort, start at (a) and work
your way back through (d).

Marginal Notes

Sprinkled throughout the text are a number of short notes in the margin. Many of these are
of the “now, hear this” variety, others are mnemonics, and still others make points that we
forgot to put in the text. (These were contributed by your fellow students.) Some—probably
fewer than we think—are supposed to be humorous. See, for example, the reference to ice
skating on page 239; through five editions WLM thought it was uproariously funny.

OWL and CengageNOW

Two web-based resources accompany the text to aid your understanding of the concepts
presented in each chapter:

= CengageNOW annotations appear throughout the text, directing you to tutorials, exer-
cises, and simulations available online to help learn and reinforce the concepts presented
in the text and your lecture. Each chapter is also supported by a diagnostic Pre-Test that
directs you to those modules most likely to help you understand the topics where you
need further work. More information about accessing CengageNOW is available in the
Preface.

= For those courses using OWL (Online Web-based Learning), tutorials and end-of-
chapter Questions and Problems from this book are available online as assigned by your
instructor. OWL is described in more detail in the Preface.

Chemistry: The Human Side

Throughout the text, short biographies of some of the pioneers of chemistry appear in sec-
tions with this heading. They emphasize not only the accomplishments of these individuals
but also their personalities.

Chemistry: Beyond the Classroom

Each chapter contains a “Chemistry: Beyond the Classroom” feature. It is a self-contained
essay that illustrates a current example either of chemistry in use in the world or an area of
chemical research. It does not intrude into the explanation of the concepts, so it won't dis-
tract you. But we promise that those essays—if you read them—will make you more scientifi-
cally literate.

Chapter Highlights

At the end of each chapter, you will find a brief review of its contents. A review is always
helpful not only to refresh your memory of past material but also to organize your time and
notes when preparing for an examination. The “Chapter Highlights” include:

u The Key Terms in the chapter. If a particular term is unfamiliar, refer to the index at the
back of the book. You will find the term in the glossary that is incorporated in the index
and also the pages in the text where it appears (if you need more explanation).

Bren i e el T T Sl sl e e
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= The Key Concepts and Key Equations introduced in the chapter. These are indexed to the
corresponding Examples and end-of-chapter problems. End-of-chapter problems avail-
able in OWL are also cross-referenced. If you have trouble working a particular problem
here, it may help to go back and reread the Example that covers the same concept.

m Each chapter is summarized by a multi-step Summary Problem that covers all or nearly
all of the key concepts in the chapter. You can test your understanding of the chapter by
working this problem. A major advantage of the Summary Problems is that they tie to-
gether many different ideas, showing how they correlate with one another. An experi-
enced general chemistry professor who uses the book always tells his class, “If you can
answer the Summary Problem without help, you are ready for a test on its chapter”

Questions and Problems

At the end of each chapter is a set of Questions and Problems that your instructor may assign
for homework. They are also helpful in testing the depth of your knowledge about the chap-
ter. These sets include:

= Questions that test your knowledge of the specialized vocabulary that chemists use (e.g.,
write the names of formulas, write the chemical equation for a reaction that is
described).

= Quantitative problems that require a calculator and some algebraic manipulations.
Classified problems that start the set and are grouped by type under a particular head-
ing that indicates the topic from the chapter that they address. The classified problems
occur in matched pairs, so the second member illustrates the same principle as the first.
This allows you more than one opportunity to test yourself. The second problem (even-
numbered) is numbered in color and answered in Appendix 6. If your instructor assigns
the odd problems without answers for homework, wait until the problem solution is dis-
cussed and solve the even problem to satisfy yourself that you understand how to solve
the problem of that type.

m  Each chapter also contains a smaller number of unclassified problems, which may in-
volve more than one concept, including, perhaps, topics from a preceding chapter.

= Conceptual questions test your understanding of principles. A calculator is not (or
should not be) necessary to answer these questions.

m The section of challenge problems presents problems that may require extra skill and/or
insight and effort. They are all answered in Appendix 6.

Blue-numbered questions answered in Appendix 6 have fully worked solutions available
in the Student Solution Manual. The Student Solution Manual is described in more detail
in the Preface. To further aid your study, selected worked solutions for problems from
each chapter, identified by the wes icon, are posted on the book’s companion website at
academic.cengage.com/chemistry/masterton.

Appendices

The appendices at the end of the book provide not only the answers to the even-numbered
problems but also additional materials you may find useful. Among them are:

= Appendix 1 includes a review of SI base units as well as tables of thermodynamic data
and equilibrium constants.

= Appendix 3 contains a mathematical review touching on just about all the mathematics
you need for general chemistry. Exponential notation and logarithms (natural and base
10) are emphasized.

To the Student
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Matter and
Measurements

| have measured out my life with coffee spoons.

—T.S. Eliot
“The Love Song of J. Alfred Prufrock”

Chapter Outline

12 Measurements

1 13 * Properties of S:dbfstandé, .




