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To the Student

Chemistry: The Central Science, Sixth Edition, has been written to introduce
you to modern chemistry. During the many years we have been practicing
chemists, we have found chemistry to be an exciting intellectual challenge and
an extraordinarily rich and varied part of our cultural heritage. We hope that as
you advance in your study of chemistry, you will share with us some of that
enthusiasm and appreciation. We also hope that you will come to realize the
importance of chemistry in your everyday life. As authors, we have, in effect,
been engaged by your instructor to help you learn chemistry. Based on the
comments of students and instructors who have used this book in its previous
editions, we believe that we have done that job well. Of course, we expect the
text to continue to evolve through future editions. We invite you to write to us
to tell us what you like about the book, so that we will know where we have
helped you most. Also, we would like to learn of any shortcomings, so that we
might further improve the book in subsequent editions. Our addresses are given
at the end of the Preface.

Using this Text

Learning chemistry requires both the assimilation of many new concepts and
the development of analytical skills. To assist you in these goals, we have
interspersed throughout the text hundreds of Sample Exercises. Each exercise
illustrates the use of a key concept or skill. The accompanying solution illus-
trates the reasoning required to answer the exercise. Paired with every Sample
Exercise is a Practice Exercise, which addresses the same concept. You can test
your understanding by working the Practice Exercise and comparing your
answer with the one that is given.

To help you visualize abstract ideas, we have included full-color illustra-
tions, including photographs, diagrams, conceptual artwork, and graphs. Sev-
eral important concepts and calculations are presented schematically through
the use of flow diagrams. We believe you will find the illustrations and their
captions to be very helpful as you read the text.

Four kinds of supplemental essays appear throughout the text to aid and
enrich your studies. The Chemistry at Work sections discuss interesting appli-
cations of the concepts in the text to everyday life. The Chemistry and Life
essays emphasize the integration of basic chemical concepts in biology and
medicine. The essays titled 4 Closer Look augment the chapter material by



delving more deeply into a topic. Finally, in the essays titled Strategies in
Chemistry, we offer some general advice on how to succeed in learning chem-
istry.

At the end of each chapter you will find a Summary that points out the
chapter highlights. The list of Key Terms gives the vocabulary that has been
introduced in the chapter. The terms listed here are printed in boldface type in
the chapter and also appear in the end-of-book Glossary.

The Exercises at the end of each chapter test your understanding of the
material. Many exercises are grouped according to topic, and they are also
arranged in matched pairs. Both exercises in a pair deal with the same principle
or procedure, so if you have difficulty with a particular exercise, its companion
will provide you with further practice. The answer to one member of each pair is
given in a section at the back of the book. Additional exercises appear at the end
of each chapter’s exercise set. The additional exercises test your ability to solve
problems that are not identified by topic. These exercises often combine ideas
from more than one part of the chapter. The additional exercises and the
matched-pair exercises whose answers appear near the end of the book are
numbered in color. The more challenging exercises are marked with brackets.

Finally, you should note that there are several Appendices near the back of
the book, as well as useful tables in the front and back inside covers.

Supplemental Materials

Because we realize that you will encounter challenging material in this course,
Prentice Hall has made available to you several valuable supplements. One key
supplement is Chemistry Explorer Software, an interactive software program
that is based on worked examples and problems from the book. Chemistry
Explorer Software enables you to simulate experiments on your computer and
manipulate different elements of these experiments to see how they affect the
results. This software also provides graphs and spreadsheets to help you analyze
data. Thus, Chemistry Explorer Sofiwareis a valuable tool for helping you learn
the basic concepts and skills you will need in your chemistry course.

Of particular use to chemistry students is the Student’s Guide by James C.
Hill of California State University. The student guide follows the same chapter
sequence as the text. Each chapter in the guide contains an overview, topical
summaries and additional exercises, and tests for each chapter section.

Advice for Studying Chemistry

Keep up with your studying day to day. New material builds on the old. It is
important not to fall behind; if you do, you will find it much harder to follow the
lectures and discussions on current topics. Trying to “cram” just before an
exam is generally a very ineffective way to study chemistry.

Focus your study. The amount of information you will receive in your
chemistry course can sometimes seem overwhelming. The number of facts and
details in a first course in chemistry is enough to challenge any student, and it is
essential to recognize those concepts and skills that are particularly important.
Listen intently for what your lecturer and teaching assistant emphasize. Pay
attention to the skills stressed in the sample exercises and homework assign-
ments. Notice the italicized statements in the text, and study the concepts
presented in the chapter summaries.
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Keep good lecture notes, so that you have a clear and concise record of the
required material. You will find it easier to take useful notes if you skim topics
in the text before they are covered in lecture. To skim a chapter, first read the
introduction and summary. Then quickly read through the chapter, skipping
Sample Exercises and supplemental sections. Pay attention to section heads
and subheads, which give you a feeling for the scope of topics. Avoid the feeling
that you must learn and understand everything right away.

After lecture, carefully read the topics covered in class. You will probably
need to read assigned material more than once to master it. As you read, pay
particular attention to the Sample Exercises. Once you think you understand a
Sample Exercise, test your understanding by working the accompanying Prac-
tice Exercise.

Finally, attempt all of the assigned end-of-chapter exercises. Working out
these exercises provides necessary practice in recalling and using the essential
ideas of the chapter. You cannot learn merely by observing; you must be a
participant. In particular, there is little value in merely copying answers from
the Solutions Manual or from another student. If, however, you really get stuck
on a problem, get help. Spending more than 20 minutes on a single exercise is
rarely effective unless you know that it is particularly challenging.

To the Instructor

Philosophy

Throughout the evolution of this text, certain goals have guided our writing
efforts. The first is that a text should endeavor to show students the usefulness of
chemistry in their major areas of study as well as in the world around them. It
has been our experience that as students become aware of the importance of
chemistry to their own goals and interests, they become more enthusiastic
about learning the subject. With this in mind, we have attempted, as much as
space and our imaginations permit, to bring in interesting and significant
applications of the subject matter. We attempt to show that chemistry is indeed
the central science. At the same time, of course, we seek to provide students with
the necessary background in modern chemistry for their specialized studies,
including more advanced chemistry courses.

Second, we want to show not only that chemistry provides the basis for
much of what goes on in our world, but that it is a vital, continually developing
science. We have tried to keep the book up-to-date in terms of new concepts and
applications and to convey some of the excitement of the field.

Third, we feel that any text should be written to the students and not just
to their instructors. We have sought to keep our writing clear and interesting
and the book attractive and well illustrated. Furthermore, we have provided
numerous in-text study aids for students. A more subtle aspect of this student
orientation is the care we have taken to describe problem-solving strategies.

Organization

In the present edition, the first five chapters give a largely macroscopic, phe-
nomenological view of chemistry. They introduce basic concepts, such as no-
menclature, stoichiometry, and thermochemistry, that provide the necessary



background for many of the laboratory experiments usually performed in gen-
eral chemistry. Chapter 4 gives a brief, early treatment of chemical reactions in
aqueous solutions.

The next four chapters (Chapters 6 - 9) deal with electronic structure and
bonding. The focus then changes to the next level of the organization of matter:
the states of matter (Chapters 10 and 11) and solutions (Chapter 13). Also
included in this section is a chapter on the chemistry of modern materials
(Chapter 12), which builds on the student’s understanding of chemical bonding
and intermolecular interactions and their relationships to the properties of
matter.

The next several chapters examine the factors that determine the speed
and extent of chemical reactions: kinetics (Chapter 14), equilibria (Chapters
15-17), thermodynamics (Chapter 19), and electrochemistry (Chapter 20).
Also in this section is an optional chapter on environmental chemistry (Chapter
18), in which the concepts developed in preceding chapters are applied to a
discussion of the atmosphere and hydrosphere.

After a discussion of nuclear chemistry (Chapter 21), the final chapters
survey the chemistry of nonmetals, metals, organic chemistry, and biochemis-
try (Chapters 22-26). These chapters are developed in a parallel fashion and
can be treated in any order.

Although our chapter sequence provides a fairly standard organization,
we recognize that not everyone teaches all of the topics in exactly our order. We
have therefore structured our writing so that instructors can make common
changes in teaching sequence with no loss in student comprehension. In partic-
ular, many instructors prefer to introduce gases (Chapter 10) after stoichiome-
try or after thermochemistry rather than with states of matter. The chapter on
gases has been written to permit this change with #o disruption in the flow of
material. It is also possible to treat the balancing of redox equations (Sections
20.1 and 20.2) earlier, after the introduction of oxidation numbers in Section
8.10, or even with the introduction to redox reactions in Section 4.6.

We have always attempted to introduce students to descriptive chemistry
by integrating examples throughout the text. You will find pertinent and rele-
vant examples of “real” chemistry woven into all of the chapters as a means to
illustrate principles and applications. Some chapters, of course, more directly
address the properties of elements and their compounds, especially Chapters 4,
7,12, 18, and 22 - 26. We also incorporate descriptive chemistry in the end-of-
chapter exercises.

Changes in this Edition

Our major goal in the sixth edition has been to strengthen an already strong
textbook while retaining its effective and popular style. The traditional
strengths of Chemistry: The Central Science include its clarity of writing, its
scientific accuracy and currency, its strong end-of-chapter exercises, and its
consistency in level of coverage.

In making changes to this edition, we have tried to be responsive to the
feedback we have received from the faculty and students who used the fifth
edition. Students have appreciated the student-friendly style of writing, and we
have preserved this style in the sixth edition. Sections that struck students as
hard to follow have been rewritten and, when possible, augmented with im-
proved artwork. In order to make the text easier for students to use, we have
maintained a clean design in the layout of the book.
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The text also contains improvements in artwork that help convey the
beauty and excitement of chemistry. The program of molecular art and line
diagrams has been improved to help students better visualize three-dimen-
sional concepts on a two-dimensional page. New photographs have been added
throughout the book. Our goal has been to use color in a nondistracting way to
help emphasize important points, to focus the student’s attention, and to make
the text attractive and inviting.

We have increased the emphasis on concept-oriented learning through-
out the text. Sample exercises have been rewritten with more explicit explana-
tions of the thought processes and intermediate calculations. Flow diagrams are
used whenever possible to provide a visual summary of critical concepts and
important relationships. A new icon used in the text, concept links, provides
easy-to-see cross-references to pertinent earlier material in the text. New essays
titled Strategies in Chemistry emphasize paradigms used to learn chemistry
more effectively and to provide advice on problem solving. The essay at the end
of Chapter 26 reminds students that the introductory course is only the begin-
ning of the excitement of learning chemistry.

In response to shifts in student interests, the text contains greater empha-
sis on chemistry in the life sciences. Much of the material that was contained
previously in a separate chapter on biochemistry (Chapter 27 of the fifth edi-
tion) has been incorporated in earlier chapters. New essays titled Chemistry and
Life underscore the importance of basic chemical concepts in biology and
medicine. In Chapter 26 of the sixth edition, organic chemistry and biochemis-
try are combined, which allows a smoother transition between these two ad-
vanced topics. The chapter has been written to allow an instructor to teach only
the organic chemistry portion if desired.

We have kept the text fresh by keeping it current. References to current
events help students relate their studies of chemistry with their everyday life
experiences. Students are exposed to new developments in chemistry, such as
the excitement surrounding the discovery of buckminsterfullerene. Finally, the
sixth edition has an increased focus on the positive aspects of chemistry, but
without neglecting the problems that can arise in an increasingly technological
world. Our goal is to help students appreciate the real-world perspective of
chemistry and the ways in which chemistry affects their lives.

Supplements

To accompany the text, Prentice Hall has assembled a very thorough supple-
ments package that will benefit both you and your students. In addition to our
standard supplements such as the study guide and laboratory manual, we
now offer a number of multimedia items. The key supplements are described

below.

o Chemistry Explorer Software This is an interactive simulation
program based on worked problems and examples from the text.
It allows students to manipulate variables and physical parameters
in performing experiments to observe how these manipulations
affect the results. It also provides data analysis tools such as
spreadsheets and graphs.



o Prentice Hall Chemistry Laserdisc This “visual encyclopedia”
combines demonstration experiments, still images from both the
text and outside sources, molecular animations, and brief applica-
tion segments emphasizing new frontiers in chemistry.
Prentice Hall Multimedia Chemistry Presenter The laserdiscand
the Explorer software can be used separately, or they can be com-
bined through Prentice Hall Multimedia Chemistry Presenter.
This modular classroom presentation tool organizes and drives
the media components and allows the instructor to customize
available resources.
Prentice Hall/The New York Times Themes of the Times To em-
phasize the importance and relevance of chemistry in everyday
life, we once again offer this unique supplement produced through
the joint efforts of Prentice Hall and The New York Times.
Themes of the Times consists of a series of Times articles relating
to chemistry that are reproduced to resemble an actual edition of
the Times.
Solutions to Exercises by Roxy Wilson of the University of Illi-
nois. This manual contains the answers to the end-of-chapter
exercises in the book. Three different versions are available: one
with answers to all the black-numbered questions; one with an-
swers to all the red-numbered questions; and one with answers to
all the questions. With the instructor’s permission these manuals
may be made available to students.
Instructor’s Resource Manual Available in both electronic and
paper formats, this manual provides detailed lecture outlines on a
chapter-by-chapter basis. Also, lecture schedules to accommodate
a two-semester or three-quarter sequence, or a schedule empha-
sizing descriptive chemistry, provide a quick guide to assign-
ments. Other useful features of the Instructor’s Resource Manual
are the complete lecture demonstrations referenced in the Anno-
tated Instructor’s Edition, cross-referencing of all other supple-
ments available for Brown/LeMay/Bursten, weekly quizzes, and
chapter summaries. By providing the Instructor’s Resource Man-
ual electronically we hope to give you quick access to a wealth of
material that can be immediately personalized to your needs. Call
up a given chapter outline on your computer screen, annotate it to
fit your needs, and print it out.
Student’s Guide Authored by James C. Hill of California State
University, Sacramento, the student guide has proved over the
years to be an excellent companion volume to Chemistry: The
Central Science. Each chapter is keyed to the text material and
follows a basic format that includes an overview of the chapter,
topical summaries and additional exercises, study exercises, and
sectional tests.
Chemical Problem Solving Using Dimensional Analysis, 3rd Ed.,
by Robert Nakon. This supplement provides hundreds of prob-
lems for the student to work, and their solutions.
 Laboratory Experiments, by John Nelson and Kenneth Kemp.
This long-established and time-tested volume contains 40 experi-
ments, all of them retained or refined from previous editions.
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e Instructor’s Edition to the Laboratory Experiments This manual
contains the student’s version of the lab manual plus answers to all
questions, tips on safety and disposal of chemicals, suggestions for
handling of chemicals and equipment, and related information.

o Introduction to Semimicro Qualitative Analysis, 7th Ed., by J. J.
Lagowski and C. H. Sorum. This is a valuable tool for instructors
who emphasize qualitative analysis in their general chemistry
courses. This supplement consists of two parts. Part One focuses
on the theories and techniques behind qualitative analysis; Part
Two contains a number of time-tested experiments.

» Transparency Pack Prentice Hall can make available approxi-
mately 240 full-color acetates, all of them taken from the text.

o The Prentice Hall Test Manager 2.0 and Test Item File These
supplements now consist of over 2500 items, available in paper-
back or on floppy disk, for IBM® and Macintosh® computers. Asa
major innovation, Test Manager allows you to add your own
questions and to automatically alternate ordering of questions.
New features of Test Manager 2.0 include complete control over
print options as well as export of tests to Word or WordPerfect. In
addition, telephone testing services are available.

o Chemical Concepts and Techniques Video A 100-minute video-
tape has been specifically developed for use in conjunction with
Brown/LeMay/Bursten. Divided into ten segments of 10 minutes
each, the video highlights important concepts of chemistry
through a variety of visual media including electron microscopy,
computer animation, and other tape technology.

o Chemistry Toolkit Available at no additional charge. Part One of
the Toolkit consists of a chapter-by-chapter guide to the mathe-
matics used throughout the Sixth Edition. Part Two is a guide to
career planning and chemistry. It highlights the value of chemistry
training in business and other careers not specifically related to
chemistry. Part Three looks at the special requirements of writing
in chemistry, focusing particularly on the lab notebook.

* Spreadsheet Chemistry by Gary Breneman and Jerry Parker.

Finally, in the software category, a very special book is available for

use in conjunction with EXCEL®. Spreadsheet Chemistry provides

a means for quickly calculating numerical results from theory, ex-

perimental data, and questions posed about changes in conditions

that govern chemical systems. Topics addressed include electron
distribution in atoms and molecules, thermodynamic quantities,
ideal- and real-gas behaviors, and oxidation-reduction reactions.

To receive a copy of any of these supplements, please contact your local sales
representative.
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THEMES OF THE TIMES "

The New York Times and Prentice Hall are sponsoring Themes of the
Times, a program designed to enhance student access to current informa-
tion of relevance in the classroom.

Through this program, the core subject matter provided in the text is
supplemented by a collection of time-sensitive articles from one of the
world’s most distinguished newspapers, The New York Times. These arti-
cles demonstrate the vital, ongoing connection between what is learned in
the classroom and what is happening in the world around us.

To enjoy the wealth of information of The New York Times daily, a re-
duced subscription rate is available. For information, call toll-free: 1-800-

631-1222,

Prentice Hall and The New York Times are proud to cosponsor Themes of
the Times. We hope it will make the reading of both textbooks and newspa-
pers a more dynamic, involving process.
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