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PREFACE

To the Instructor

Philosophy
We authors of Chemistry: The Central Science are delighted and 
honored that you have chosen us as your instructional partners for 
your general chemistry class. We have all been active researchers 
who appreciate both the learning and the discovery aspects of the 
chemical sciences. We have also all taught general chemistry many 
times. Our varied, wide-ranging experiences have formed the basis 
of the close collaborations we have enjoyed as coauthors. In writing 
our book, our focus is on the students: we try to ensure that the text 
is not only accurate and up-to-date but also clear and readable. We 
strive to convey the breadth of chemistry and the excitement that 
scientists experience in making new discoveries that contribute to 
our understanding of the physical world. We want the student to 
appreciate that chemistry is not a body of specialized knowledge 
that is separate from most aspects of modern life, but central to any 
attempt to address a host of societal concerns, including renewable 
energy, environmental sustainability, and improved human health. 

Publishing the thirteenth edition of this text bespeaks an 
exceptionally long record of successful textbook writing. We are 
appreciative of the loyalty and support the book has received 
over the years, and mindful of our obligation to justify each new 
edition. We begin our approach to each new edition with an in-
tensive author retreat, in which we ask ourselves the deep ques-
tions that we must answer before we can move forward. What 
justifies yet another edition? What is changing in the world not 
only of chemistry, but with respect to science education and the 
qualities of the students we serve? The answer lies only partly 
in the changing face of chemistry itself. The introduction of 
many new technologies has changed the landscape in the teach-
ing of sciences at all levels. The use of the Internet in accessing 
information and presenting learning materials has markedly 
changed the role of the textbook as one element among many 
tools for student learning. Our challenge as authors is to main-
tain the text as the primary source of chemical knowledge and 
practice, while at the same time integrating it with the new ave-
nues for learning made possible by technology and the Internet. 
This edition incorporates links to a number of those new meth-
odologies, including use of the Internet, computer-based class-
room tools, such as Learning Catalytics™, a cloud-based active 
learning analytics and assessment system, and web-based tools, 
particularly MasteringChemistry®, which is continually evolv-
ing to provide more effective means of testing and evaluating 
student performance, while giving the student immediate and 
helpful feedback. In past versions, MasteringChemistry® pro-
vided feedback only on a question level. Now with Knewton-
enhanced adaptive follow-up assignments, and Dynamic Study 
Modules, MasteringChemistry® continually adapts to each stu-
dent, offering a personalized learning experience. 

As authors, we want this text to be a central, indispensa-
ble learning tool for students. Whether as a physical book or in 
electronic form, it can be carried everywhere and used at any 
time. It is the one place students can go to obtain the informa-
tion outside of the classroom needed for learning, skill develop-
ment, reference, and test preparation. The text, more effectively 
than any other instrument, provides the depth of coverage and 
coherent background in modern chemistry that students need 
to serve their professional interests and, as appropriate, to pre-
pare for more advanced chemistry courses.

If the text is to be effective in supporting your role as in-
structor, it must be addressed to the students. We have done 
our best to keep our writing clear and interesting and the book 
attractive and well illustrated. The book has numerous in-text 
study aids for students, including carefully placed descrip-
tions of problem-solving strategies. We hope that our cumula-
tive experiences as teachers is evident in our pacing, choice of 
examples, and the kinds of study aids and motivational tools 
we have employed. We believe students are more enthusiastic 
about learning chemistry when they see its importance relative 
to their own goals and interests; therefore, we have highlighted 
many important applications of chemistry in everyday life. We 
hope you make use of this material.

It is our philosophy, as authors, that the text and all the sup-
plementary materials provided to support its use must work in 
concert with you, the instructor. A textbook is only as useful to 
students as the instructor permits it to be. This book is replete 
with features that can help students learn and that can guide 
them as they acquire both conceptual understanding and prob-
lem-solving skills. There is a great deal here for the students to 
use, too much for all of it to be absorbed by any one student. 
You will be the guide to the best use of the book. Only with your 
active help will the students be able to utilize most effectively 
all that the text and its supplements offer. Students care about 
grades, of course, and with encouragement they will also be-
come interested in the subject matter and care about learning. 
Please consider emphasizing features of the book that can en-
hance student appreciation of chemistry, such as the Chemistry 
Put to Work and Chemistry and Life boxes that show how chem-
istry impacts modern life and its relationship to health and life 
processes. Learn to use, and urge students to use, the rich online 
resources available. Emphasize conceptual understanding and 
place less emphasis on simple manipulative, algorithmic prob-
lem solving.

What Is New in This Edition?
A great many changes have been made in producing this thir-
teenth edition. We have continued to improve upon the art 
program, and new features connected with the art have been 
introduced. Many figures in the book have undergone modifi-
cation, and dozens of new figures have been introduced. 
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A systematic effort has been made to place explanatory la-
bels directly into figures to guide the student. New designs have 
been employed to more closely integrate photographic materi-
als into figures that convey chemical principles.

We have continued to explore means for more clearly and 
directly addressing the issue of concept learning. It is well es-
tablished that conceptual misunderstandings, which impede 
student learning in many areas, are difficult to correct. We have 
looked for ways to identify and correct misconceptions via the 
worked examples in the book, and in the accompanying prac-
tice exercises. Among the more important changes made in the 
new edition, with this in mind, are:
	 •	 A	major	 new	 feature	 of	 this	 edition	 is	 the	 addition	 of	 a	

second Practice Exercise to accompany each Sample Ex-
ercise within the chapters. The majority of new Practice  
Exercises are of the multiple-choice variety, which enable 
feedback via MasteringChemistry®. The correct answers 
to select Practice Exercises are given in an appendix, and 
guidance for correcting wrong answers is provided in Mas-
teringChemistry®. The new Practice Exercise feature adds 
to the aids provided to students for mastering the concepts 
advanced in the text and rectifying conceptual misunder-
standings. The enlarged practice exercise materials also 
further cement the relationship of the text to the online 
learning materials. At the same time, they offer a new sup-
portive learning experience for all students, regardless of 
whether the MasteringChemistry® program is used. 

 • A second major innovation in this edition is the Design 
An Experiment feature, which appears as a final exercise 
in all chapters beginning with Chapter 3, as well as in  
MasteringChemistry®. The Design an Experiment exercise is 
a departure from the usual kinds of end-of-chapter exer-
cises in that it is inquiry based, open ended, and tries to 
stimulate the student to “think like a scientist.” Each exer-
cise presents the student with a scenario in which vari-
ous unknowns require investigation. The student is called 
upon to ponder how experiments might be set up to pro-
vide answers to particular questions about a system, and/
or test plausible hypotheses that might account for a set of 
observations. The aim of the Design an Experiment exer-
cises is to foster critical thinking. We hope that they will 
be effective in active learning environments, which include 
classroom-based work and discussions, but they are also 
suitable for individual student work. There is no one right 
way to solve these exercises, but we authors offer some 
ideas in an online Instructor’s Resource Manual, which 
will include results from class testing and analysis of stu-
dent responses. 

 • The Go Figure exercises introduced in the twelfth edition 
proved to be a popular innovation, and we have expanded 
on its use. This feature poses a question that students can 
answer by examining the figure. These questions encour-
age students to actually study the figure and understand its 
primary message. Answers to the Go Figure questions are 
provided in the back of the text.

 • The popular Give It Some Thought (GIST) questions em-
bedded in the text have been expanded by improvements 

in some of the existing questions and addition of new ones. 
The answers to all the GIST items are provided in the back 
of the text. 

 • New end-of-chapter exercises have been added, and many 
of those carried over from the twelfth edition have been 
significantly revised. Analysis of student responses to the 
twelfth edition questions in MasteringChemistry® helped 
us identify and revise or create new questions, prompt-
ing improvements and eliminations of some questions. 
Additionally, analysis of usage of MasteringChemistry® 
has enhanced our understanding of the ways in which in-
structors and students have used the end-of-chapter and 
MasteringChemistry® materials. This, in turn, has led to 
additional improvements to the content within the text 
and in the MasteringChemistry® item library. At the end of 
each chapter, we list the Learning Outcomes that students 
should be able to perform after studying each section. 
End-of-chapter exercises, both in the text and in Master-
ingChemistry® offer ample opportunities for students to 
assess mastery of learning outcomes. We trust the Learning 
Outcomes will help you organize your lectures and tests as 
the course proceeds.

Organization and Contents
The first five chapters give a largely macroscopic, phenomeno-
logical view of chemistry. The basic concepts introduced—such  
as nomenclature, stoichiometry, and thermochemistry—provide  
necessary background for many of the laboratory experiments 
usually performed in general chemistry. We believe that an early 
introduction to thermochemistry is desirable because so much 
of our understanding of chemical processes is based on consid-
erations of energy changes. Thermochemistry is also important 
when we come to a discussion of bond enthalpies. We believe we 
have produced an effective, balanced approach to teaching ther-
modynamics in general chemistry, as well as providing students 
with an introduction to some of the global issues involving en-
ergy production and consumption. It is no easy matter to walk 
the narrow pathway between—on the one hand—trying to teach 
too much at too high a level and—on the other hand—resorting 
to oversimplifications. As with the book as a whole, the emphasis 
has been on imparting conceptual understanding, as opposed to 
presenting equations into which students are supposed to plug 
numbers.

The next four chapters (Chapters 6–9) deal with elec-
tronic structure and bonding. We have largely retained our 
presentation of atomic orbitals. For more advanced students, 
Closer Look boxes in Chapters 6 and 9 highlight radial prob-
ability functions and the phases of orbitals. Our approach of 
placing this latter discussion in a Closer Look box in Chapter 
9 enables those who wish to cover this topic to do so, while 
others may wish to bypass it. In treating this topic and others 
in Chapters 7 and 9, we have materially enhanced the accom-
panying figures to more effectively bring home their central 
messages.

In Chapters 10–13, the focus of the text changes to the 
next level of the organization of matter: examining the states of 
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 matter. Chapters 10 and 11 deal with gases, liquids, and inter-
molecular forces, as in earlier editions. Chapter 12 is devoted 
to solids, presenting an enlarged and more contemporary view 
of the solid state as well as of modern materials. The chapter 
provides an opportunity to show how abstract chemical bond-
ing concepts impact real-world applications. The modular 
organization of the chapter allows you to tailor your coverage to 
focus on materials (semiconductors, polymers, nanomaterials, 
and so forth) that are most relevant to your students and your 
own interests. Chapter 13 treats the formation and properties 
of solutions in much the same manner as the previous edition.

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 a chapter 
on environmental chemistry (Chapter 18), in which the concepts 
developed in preceding chapters are applied to a discussion of the 
atmosphere and hydrosphere. This chapter has increasingly come 
to be focused on green chemistry and the impacts of human activi-
ties on Earth’s water and atmosphere.

After a discussion of nuclear chemistry (Chapter 21), the 
book ends with three survey chapters. Chapter 22 deals with 
nonmetals, Chapter 23 with the chemistry of transition metals, 
including coordination compounds, and Chapter 24 with the 
chemistry of organic compounds and elementary biochemical 
themes. These final four chapters are developed in a parallel 
fashion and can be covered in any order.

Our chapter sequence provides a fairly standard organ-
ization, but we recognize that not everyone teaches all the 
topics in the order we have chosen. We have therefore made 
sure that instructors can make common changes in teaching 
sequence with no loss in student comprehension. In particu-
lar, many instructors prefer to introduce gases (Chapter 10) 
after stoichiometry (Chapter 3) rather than with states of 
matter. The chapter on gases has been written to permit this 
change with no disruption in the flow of material. It is also 
possible to treat balancing redox equations (Sections 20.1 
and 20.2) earlier, after the introduction of redox reactions 
in Section 4.4. Finally, some instructors like to cover organic 
chemistry (Chapter 24) right after bonding (Chapters 8 and 
9). This, too, is a largely seamless move.

We have brought students into greater contact with de-
scriptive organic and inorganic chemistry by integrating exam-
ples throughout the text. You will find pertinent and relevant 
examples of “real” chemistry woven into all the chapters to il-
lustrate principles and applications. Some chapters, of course, 
more directly address the “descriptive” properties of elements 
and their compounds, especially Chapters 4, 7, 11, 18, and 
22–24. We also incorporate descriptive organic and inorganic 
chemistry in the end-of-chapter exercises.

Changes in This Edition
The What is New in This Edition section on pp. 20–21 details 
changes made throughout the new edition. Beyond a mere list-
ing, however, it is worth dwelling on the general goals we set 
forth in formulating this new edition. Chemistry: The Central 

Science has traditionally been valued for 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, we have made sure not to compromise these charac-
teristics, and we have also continued to employ an open, clean 
design in the layout of the book.

The art program for this thirteenth edition has continued 
the trajectory set in the twelfth edition: to make greater and 
more effective use of the figures as learning tools, by drawing 
the reader more directly into the figure. The art itself has con-
tinued to evolve, with modifications of many figures and addi-
tions or replacements that teach more effectively. The Go Figure 
feature has been expanded greatly to include a larger number 
of figures. In the same vein, we have added to the Give it Some 
Thought feature, which stimulates more thoughtful reading of 
the text and fosters critical thinking. 

We provide a valuable overview of each chapter under the 
What’s Ahead banner. Concept links ( ) continue to provide 
easy-to-see cross-references to pertinent material covered ear-
lier in the text. The essays titled Strategies in Chemistry, which 
provide advice to students on problem solving and “thinking 
like a chemist,” continue to be an important feature. For exam-
ple, the new Strategies in Chemistry essay at the end of Chapter 3 
introduces the new Design an Experiment feature and provides 
a worked out example as guidance.

We have continued to emphasize conceptual exercises in 
the end-of-chapter exercise materials. The well-received Visu-
alizing Concepts exercise category has been continued in this 
edition. These exercises are designed to facilitate concept un-
derstanding through use of models, graphs, and other visual 
materials. They precede the regular end-of-chapter exercises 
and are identified in each case with the relevant chapter section 
number. A generous selection of Integrative Exercises, which 
give students the opportunity to solve problems that integrate 
concepts from the present chapter with those of previous chap-
ters, is included at the end of each chapter. The importance 
of integrative problem solving is highlighted by the Sample 
Integrative Exercise, which ends each chapter beginning with 
Chapter 4. In general, we have included more conceptual end-
of-chapter exercises and have made sure that there is a good 
representation of somewhat more difficult exercises to provide 
a better mix in terms of topic and level of difficulty. Many of the 
exercises have been restructured to facilitate their use in Mas-
teringChemistry®. We have made extensive use of the metadata 
from student use of MasteringChemistry® to analyze end-of-
chapter exercises and make appropriate changes, as well as to 
develop Learning Outcomes for each chapter.

New essays in our well-received Chemistry Put to Work 
and Chemistry and Life series emphasize world events, scientific 
discoveries, and medical breakthroughs that bear on topics de-
veloped in each chapter. We maintain our focus on the positive 
aspects of chemistry 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.

It is perhaps a natural tendency for chemistry text-
books to grow in length with succeeding editions, but it is 
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one that we have resisted. There are, nonetheless, many new 
items in this edition, mostly ones that replace other material 
 considered less pertinent. Here is a list of several significant 
changes in content:

In Chapter 1, the Closer Look box on the scientific method 
has been rewritten. The Chemistry Put to Work box, dealing 
with Chemistry in the News, has been completely rewritten, with 
items that describe diverse ways in which chemistry intersects 
with the affairs of modern society. The Chapter Summary and 
Learning Outcomes sections at the end of the chapter have been 
rewritten for ease of use by both instructor and student, in this 
and all chapters in the text. Similarly, the exercises have been 
thoroughly vetted, modified where this was called for and re-
placed or added to, here and in all succeeding chapters. 

In Chapter 3, graphic elements highlighting the correct ap-
proach to problem solving have been added to Sample Exercises 
on calculating an empirical formula from mass percent of the 
elements present, combustion analysis, and calculating a theo-
retical yield.

Chapter 5 now presents a more explicit discussion of com-
bined units of measurement, an improved introduction to en-
thalpy, and more consistent use of color in art. 

Changes in Chapter 6 include a significant revision of the 
discussion of the energy levels of the hydrogen atom, including 
greater clarity on absorption versus emission processes. There 
is also a new Closer Look box on Thought Experiments and 
Schrödinger’s Cat, which gives students a brief glimpse of some 
of the philosophical issues in quantum mechanics and also con-
nects to the 2012 Nobel Prize in Physics.

In Chapter 7, the emphasis on conceptual thinking was en-
hanced in several ways: the section on effective nuclear charge 
was significantly revised to include a classroom-tested analogy, 
the number of Go Figure features was increased substantially, 
and new end-of-chapter exercises emphasize critical thinking 
and understanding concepts. In addition, the Chemistry Put to 
Work box on lithium-ion batteries was updated and revised to 
include discussion of current issues in using these batteries. Fi-
nally, the values of ionic radii were revised to be consistent with 
a recent research study of the best values for these radii.

In Chapter 9, which is one of the most challenging for 
students, we continue to refine our presentation based on our 
classroom experience. Twelve new Go Figure exercises will stim-
ulate more student thought in a chapter with a large amount 
of graphic material. The discussion of molecular geometry was 
made more conceptually oriented. The section on delocalized 
bonding was completely revised to provide what we believe will 
be a better introduction that students will find useful in organic 
chemistry. The Closer Look box on phases in orbitals was re-
vamped with improved artwork. We also increased the number 
of end-of-chapter exercises, especially in the area of molecular 
orbital theory. The Design an Experiment feature in this chapter 
gives the students the opportunity to explore color and conju-
gated π systems.

Chapter 10 contains a new Sample Exercise that walks the 
student through the calculations that are needed to understand 
Torricelli’s barometer. Chapter 11 includes an improved defini-
tion of hydrogen bonding and updated data for the strengths 

of intermolecular attractions. Chapter 12 includes the latest up-
dates to materials chemistry, including plastic electronics. New 
material on the diffusion and mean free path of colloids in solu-
tion is added to Chapter 13, making a connection to the diffu-
sion of gas molecules from Chapter 10.

In Chapter 14, ten new Go Figure exercises have been 
added to reinforce many of the concepts presented as figures 
and graphs in the chapter. The Design an Experiment exercise in 
the chapter connects strongly to the Closer Look box on Beer’s 
Law, which is often the basis for spectrometric kinetics experi-
ments performed in the general chemistry laboratory.

The presentation in Chapter 16 was made more closely tied 
to that in Chapter 15, especially through the use of more initial/
change/equilibrium (ICE) charts. The number of conceptual 
end-of-chapter exercises, including Visualizing Concepts fea-
tures, was increased significantly.

Chapter 17 offers improved clarity on how to make buff-
ers, and when the Henderson–Hasselbalch equation may not 
be accurate. Chapter 18 has been extensively updated to reflect 
changes in this rapidly evolving area of chemistry. Two Closer 
Look boxes have been added; one dealing with the shrinking 
level of water in the Ogallala aquifer and a second with the po-
tential environmental consequences of hydraulic fracking. In 
Chapter 20, the description of Li-ion batteries has been signifi-
cantly expanded to reflect the growing importance of these bat-
teries, and a new Chemistry Put to Work box on batteries for 
hybrid and electric vehicles has been added. 

Chapter 21 was updated to reflect some of the current is-
sues in nuclear chemistry and more commonly used nomencla-
ture for forms of radiation are now used. Chapter 22 includes an 
improved discussion of silicates.

In Chapter 23, the section on crystal-field theory (Section 
23.6) has undergone considerable revision. The description of 
how the d-orbital energies of a metal ion split in a tetrahedral 
crystal field has been expanded to put it on par with our treat-
ment of the octahedral geometry, and a new Sample Exercise 
that effectively integrates the links between color, magnetism, 
and the spectrochemical series has been added. Chapter 24’s 
coverage of organic chemistry and biochemistry now includes 
oxidation–reduction reactions that organic chemists find 
most relevant. 

To the Student
Chemistry: The Central Science, Thirteenth Edition, has been writ-
ten to introduce you to modern chemistry. 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 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 ad-
dresses are given at the end of the Preface.
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Advice for Learning and  
Studying Chemistry
Learning chemistry requires both the assimilation of many con-
cepts and the development of analytical skills. In this text, we 
have provided you with numerous tools to help you succeed in 
both tasks. If you are going to succeed in your chemistry course, 
you will have to develop good study habits. Science courses, and 
chemistry in particular, make different demands on your learn-
ing skills than do other types of courses. We offer the following 
tips for success in your study of chemistry:

Don’t fall behind! As the course moves along, new top-
ics will build on material already presented. If you don’t keep 
up in your reading and problem solving, you will find it much 
harder to follow the lectures and discussions on current topics. 
Experienced teachers know that students who read the relevant 
sections of the text before coming to a class learn more from the 
class and retain greater recall. “Cramming” just before an exam 
has been shown to be an ineffective way to study any subject, 
chemistry included. So now you know. How important to you, 
in this competitive world, is a good grade in chemistry?

Focus your study. The amount of information you will 
be expected to learn can sometimes seem overwhelming. It is 
essential to recognize those concepts and skills that are par-
ticularly important. Pay attention to what your instructor is 
emphasizing. As you work through the Sample Exercises and 
homework assignments, try to see what general principles and 
skills they employ. Use the What’s Ahead feature at the begin-
ning of each chapter to help orient yourself to what is important 
in each chapter. A single reading of a chapter will simply not be 
enough for successful learning of chapter concepts and prob-
lem-solving skills. You will need to go over assigned materials 
more than once. Don’t skip the Give It Some Thought and Go 
Figure features, Sample Exercises, and Practice Exercises. They 
are your guides to whether you are learning the material. They 
are also good preparation for test-taking. The Learning Out-
comes and Key Equations at the end of the chapter should help 
you focus your study.

Keep good lecture notes. Your lecture notes will provide 
you with a clear and concise record of what your instructor 
regards as the most important material to learn. Using your 
lecture notes in conjunction with this text is the best way to de-
termine which material to study.

Skim topics in the text before they are covered in lecture. 
Reviewing a topic before lecture will make it easier for you to 
take good notes. First read the What’s Ahead points and the 
end-of-chapter Summary; then quickly read through the chap-
ter, skipping Sample Exercises and supplemental sections. Pay-
ing attention to the titles of sections and subsections gives you 

a feeling for the scope of topics. Try to avoid thinking that you 
must learn and understand everything right away.

You need to do a certain amount of preparation before 
lecture. More than ever, instructors are using the lecture pe-
riod not simply as a one-way channel of communication from 
teacher to student. Rather, they expect students to come to class 
ready to work on problem solving and critical thinking. Com-
ing to class unprepared is not a good idea for any lecture envi-
ronment, but it certainly is not an option for an active learning 
classroom if you aim to do well in the course. 

After lecture, carefully read the topics covered in class. 
As you read, pay attention to the concepts presented and to the 
application of these concepts in the Sample Exercises. Once you 
think you understand a Sample Exercise, test your understand-
ing by working the accompanying Practice Exercise.

Learn the language of chemistry. As you study chemis-
try, you will encounter many new words. It is important to pay 
attention to these words and to know their meanings or the 
entities to which they refer. Knowing how to identify chemi-
cal substances from their names is an important skill; it can 
help you avoid painful mistakes on examinations. For example, 
“chlorine” and “chloride” refer to very different things.

Attempt the assigned end-of-chapter exercises. Work-
ing the exercises selected by your instructor provides necessary 
practice in recalling and using the essential ideas of the chapter. 
You cannot learn merely by observing; you must be a partici-
pant. In particular, try to resist checking the Student Solutions 
Manual (if you have one) until you have made a sincere effort 
to solve the exercise yourself. If you get stuck on an exercise, 
however, get help from your instructor, your teaching assistant, 
or another student. Spending more than 20 minutes on a single 
exercise is rarely effective unless you know that it is particularly 
challenging.

Learn to think like a scientist. This book is written by sci-
entists who love chemistry. We encourage you to develop your 
critical thinking skills by taking advantage of new features in 
this edition, such as exercises that focus on conceptual learning, 
and the Design an Experiment exercises.

Use online resources. Some things are more easily learned 
by discovery, and others are best shown in three dimensions. 
If your instructor has included MasteringChemistry® with your 
book, take advantage of the unique tools it provides to get the 
most out of your time in chemistry.

The bottom line is to work hard, study effectively, and use 
the tools available to you, including this textbook. We want 
to help you learn more about the world of chemistry and why 
chemistry is the central science. If you really learn chemistry, 
you can be the life of the party, impress your friends and par-
ents, and … well, also pass the course with a good grade.
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 development editor, whose depth of experience, good judgment, 
and careful attention to detail were invaluable to this revision, 

 especially in keeping us on task in terms of consistency and stu-
dent understanding; Donna, our copy editor, for her keen eye; 
Beth Sweeten, our project manager, and Gina  Cheselka, who 
managed the complex responsibilities of bringing the design, 
photos, artwork, and writing together with efficiency and good 
cheer. The Pearson team is a first-class operation.

There are many others who also deserve special recogni-
tion, including the following: Greg Johnson, our production 
editor, who skillfully kept the process moving and us authors on 
track; Kerri Wilson, our photo researcher, who was so effective 
in finding photos to bring chemistry to life for students; and 
Roxy Wilson (University of Illinois), who so ably coordinated 
the difficult job of working out solutions to the end-of-chapter 
exercises. Finally, we wish to thank our families and friends for 
their love, support, encouragement, and patience as we brought 
this thirteenth edition to completion.

Theodore L. Brown
Department of Chemistry
University of Illinois at 
Urbana-Champaign
Urbana, IL 61801
tlbrown@illinois.edu or 
tlbrown1@earthlink.net

H. Eugene LeMay, Jr.
Department of Chemistry
University of Nevada
Reno, NV 89557
lemay@unr.edu

Bruce E. Bursten
Department of Chemistry
University of Tennessee
Knoxville, TN 37996
bbursten@utk.edu

Catherine J. Murphy
Department of Chemistry
University of Illinois at 
Urbana-Champaign
Urbana, IL 61801
murphycj@illinois.edu.

Patrick M. Woodward
Department of Chemistry 
and Biochemistry
The Ohio State University
Columbus, OH 43210
woodward@chemistry.
ohio-state.edu

Matthew W. Stoltzfus
Department of Chemistry 
and Biochemistry
The Ohio State University
Columbus, OH 43210
stoltzfus.5@osu.edu

Global Acknowledgments 
Pearson acknowledges and thanks Link-Systems International Inc., Tampa, FL 33634, USA for their contribution to the Global  
Edition.

A01_BROW7712_13_SE_FM.indd   28 15/05/14   7:33 PM



 PrefaCe 29

List of Resources
For Students

MasteringChemistry®

(http://www.masteringchemistry.com)
MasteringChemistry® is the most effective, widely used online 
tutorial, homework and assessment system for chemistry. It 
helps instructors maximize class time with customizable, easy-
to-assign, and automatically graded assessments that motivate 
students to learn outside of class and arrive prepared for lecture. 
These assessments can easily be customized and personalized 
by instructors to suit their individual teaching style. The pow-
erful gradebook provides unique insight into student and class 
performance even before the first test. As a result, instructors 
can spend class time where students need it most.

Pearson eText The integration of Pearson eText within 
MasteringChemistry® gives students with eTexts easy access to the 
electronic text when they are logged into MasteringChemistry®. 
Pearson eText pages look exactly like the printed text, offering 
powerful new functionality for students and instructors. Users can 
create notes, highlight text in different colors, create bookmarks, 
zoom, view in single-page or two-page view, and more.

Students Guide Prepared by James C. Hill of California State 
University. This book assists students through the text material 
with chapter overviews, learning objectives, a review of key terms, 
as well as self-tests with answers and explanations. This edition 
also features MCAT practice questions.

Solutions to Red Exercises Prepared by Roxy Wilson of the 
University of Illinois, Urbana-Champaign. Full solutions to all 
the red-numbered exercises in the text are provided. (Short 
answers to red exercises are found in the appendix of the text.)

Solutions to Black Exercises Prepared by Roxy Wilson of 
the University of Illinois, Urbana-Champaign. Full solutions to 
all the black-numbered exercises in the text are provided.

Laboratory Experiments Prepared by John H. Nelson of the 
University of Nevada, and Michael Lufaso of the University 
of North Florida with contributions by Matthew Stoltzfus of 
The Ohio State University. This manual contains 40 finely 
tuned experiments chosen to introduce students to basic lab 
techniques and to illustrate core chemical principles. This new 
edition has been revised with the addition of four brand new 
experiments to correlate more tightly with the text. You can also 
customize these labs through Catalyst, our custom database 
program. For more information, please contact your sales 
representative.

For Instructors

Solutions to Exercises Prepared by Roxy Wilson of the 
University of Illinois, Urbana-Champaign. This manual contains 
all end-of-chapter exercises in the text. With an instructor’s 
permission, this manual may be made available to students.

Online Instructor Resource Center This resource provides 
an integrated collection of resources to help instructors make 
efficient and effective use of their time. It features all artwork 
from the text, including figures and tables in PDF format for 
high-resolution printing, as well as five prebuilt PowerPoint™ 
presentations. The first presentation contains the images 
embedded within PowerPoint slides. The second includes 
a complete lecture outline that is modifiable by the user. The 
final three presentations contain worked “in-chapter” sample 
exercises and questions. The Instructor Resource Center 
also contains movies, animations, and electronic files of the 
Instructor Resource Manual, as well as the Test Item File.

TestGen Testbank Prepared by Andrea Leonard of the 
University of Louisiana. The Test Item File now provides a 
selection of more than 4,000 test questions with 200 new questions 
in the thirteenth edition and 200 additional algorithmic questions.

Online Instructor Resource Manual Prepared by Linda 
Brunauer of Santa Clara University and Elzbieta Cook of 
Louisiana State University. Organized by chapter, this manual 
offers detailed lecture outlines and complete descriptions of 
all available lecture demonstrations, interactive media assets, 
common student misconceptions, and more.

Annotated Instructor’s Edition to Laboratory Experiments 
Prepared by John H. Nelson of the University of Nevada, 
and Michael Lufaso of the University of North Florida with 
contributions by Matthew Stoltzfus of the Ohio State University. 
This AIE combines the full student lab manual with appendices 
covering the proper disposal of chemical waste, safety instructions 
for the lab, descriptions of standard lab equipment, answers to 
questions, and more.
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About the Authors

THE BROWN/LEMAY/BURSTEN/
MURpHY/WOODWARD/STOLTzfUS 
AUTHOR TEAM values collaboration as an 
integral component to overall success. While each author 
brings unique talent, research interests, and teaching 
experiences, the team works together to review and 
develop the entire text. It is this collaboration that keeps 
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