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Brown  •  LeMay  •  Bursten
Murphy  •   Woodward  •  Stoltzfus

Chemistry: The Central Science provides a solid, foundational introduction to the field. This 
Fifteenth Global Edition, in SI units, reinforces the authors’ consistent emphasis on students 
consolidating their conceptual understanding instead of  simply plugging values into formulas. 
Innovations such as introducing thermochemistry earlier than in the traditional order (balancing 
the macroscopic and the submicroscopic) deliver a more rounded understanding of  the subject. 
Moreover, modular chapter content allows instructors to choose the chapter order that best 
suits their approach.

Key Features

•	 NEW! Section-opening text and images enhance students’ understanding of  the 
concepts introduced in that section as well as explicate the historical contexts around key 
inventions and discoveries in chemistry.

•	 Sample Exercises in every chapter follow a three-step Analyze–Plan–Solve method 
that shows students how to approach problems based on the concepts taught.

•	 Design an Experiment puts the student in a scientist’s shoes by having them think 
through a given situation, develop a hypothesis, design an experiment based on it, and 
assess the accuracy of  their assumptions.

•	 Chemistry and Life shows how chemistry impacts modern life, including how it relates to 
health and life processes.

Available separately for purchase is Mastering Chemistry for Chemistry: The Central Science, 
the teaching and learning platform that empowers instructors to personalize learning for 
every student. When combined with Pearson’s trusted educational content, this optional 
suite helps deliver the desired learning outcomes. This edition of  Mastering comes with 
expanded, chapter-wise Dynamic Study Modules, Interactive Sample Exercises that feature 
videos taking the student through the corresponding Sample Exercise, and Ready-to-Go 
Modules that provide readymade content on difficult topics to help the instructor introduce 
a concept to their students.

This is a special edition of an established title widely used by colleges and 
universities throughout the world. Pearson published this exclusive edition 
for the benefit of students outside the United States and Canada. If you 
purchased this book within the United States or Canada, you should be aware 
that it has been imported without the approval of the Publisher or Author.
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Useful Conversion Factors and Relationships

Length

SI unit: meter (m)
	 1 km	 =  0.62137 mi 
	 1 mi 	=  5280 ft
		  =  1.6093 km 
	 1 m 	=  1.0936 yd 
	 1 in. 	=  2.54 cm (exactly) 
	 1 cm 	=  0.39370 in. 
	 1 Å 	=  10-10 m

Mass

SI unit: kilogram (kg)
	 1 kg	 =  2.2046 lb 
	 1 lb	 =  453.59 g 
		  =  16 oz 
	 1 u	 =  1.660538921 * 10-27 kg

Temperature

SI unit: Kelvin (K)
	 0 K	 =  -273.15 °C 
		  =  -459.67 °F 
	 K	 =  °C + 273.15 
	 °C	 =  5-9 (°F - 32°) 
	 °F	 =  9-5 °C + 32°

Energy (derived)

SI unit: Joule (J)
	 1 J	 =  1 kg-m2/s2 

		  =  0.2390 cal 
		  =  1C-V 
	 1 cal	 =  4.184 J 
	 l eV	 =  1.602 * 10-19 J

Pressure (derived)

SI unit: Pascal (Pa)
	 1 Pa	 =  1 N/m2 

		  =  1 kg/m-s2 

	 1 atm	 =  1.01325  * 105 Pa 
		  =  760 torr
		  =  14.70 lb/in2 

	 1 bar	 =  105 Pa 
	 1 torr	 =  1 mm Hg

Volume (derived)

SI unit: cubic meter (m3)
	 1 L	 =  10-3 m3 

		  =  1 dm3 

		  =  103 cm3 

		  =  1.0567 qt 
	 1 gal	 =  4 qt
		  =  3.7854 L 
	 1 cm3	 =  1 mL 
	 1 in3	 =  16.4 cm3

Color Chart for Common Elements

Ag
Silver

Au
Gold

C
Carbon

Cl
Chlorine

Generic metal

Ca
Calcium

Br
Bromine

Cu
Copper

F
Fluorine

I
Iodine

Mg
Magnesium

K
Potassium

H
Hydrogen

N
Nitrogen

Na
Sodium

P
Phosphorus

Si
Silicon

S
Sulfur

O
Oxygen
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Sample Exercise 11.4 Relating Boiling Point to Vapor Pressure
Sample Exercise 12.4 Identifying Types of Semiconductors
Sample Exercise 13.6 Calculation of Molarity Using the 

Density of the Solution

Pearson Mastering Chemistry
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Sample Exercise 14.3 Relating Rates at Which Products 
Appear and Reactants Disappear

Sample Exercise 15.1 Writing Equilibrium Expressions
Sample Exercise 16.1 Identifying Conjugate Acids and Bases
Sample Exercise 17.11 Calculating Ksp from Solubility
Sample Exercise 18.1 Calculating Concentration from  

Partial Pressure
Sample Exercise 19.1 Identifying Spontaneous Processes
Sample Exercise 20.2 Balancing Redox Equations  

in Acidic Solution

Sample Exercise 21.1 Predicting the Product of a  
Nuclear Reaction

Sample Exercise 22.4 Predicting Chemical Reactions among 
the Halogens

Sample Exercise 23.2 Determining the Oxidation Number of 
a Metal in a Complex

Sample Exercise 24.1 Naming Alkanes
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To the Instructor

Philosophy
We the authors of Chemistry: The Central Science are delighted and 
honored that you have chosen us as your instructional partners 
for your general chemistry class. Collectively we have taught 
general chemistry to multiple generations of students. So we 
understand the challenges and opportunities of teaching a class 
that so many students take. We have also been active research-
ers who appreciate both the learning and the discovery aspects 
of the chemical sciences. 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 mak-
ing new discoveries that contribute to our understanding of the 
physical world. We want the student to appreciate that chemis-
try 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, environ-
mental sustainability, and improved human health.

Publishing the fifteenth 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 jus-
tify each new edition. We begin our approach to each new 
edition with an intensive author retreat, in which we ask our-
selves the deep questions 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? How can we help your students not only learn the prin-
ciples of chemistry, but also become critical thinkers who can 
think more like chemists? The answers lie only partly in the 
changing face of chemistry itself. The introduction of many 
new technologies has changed the landscape in the teaching 
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 
avenues for learning made possible by technology. This edi-
tion continues to incorporate a number of those new meth-
odologies, including use of computer-based classroom tools, 
such as Learning CatalyticsTM, a cloud-based active learning 
analytics and assessment system, and web-based tools, par-
ticularly Pearson Mastering Chemistry, which is continually 

evolving to provide more effective means of testing and evalu-
ating student performance, while giving the student imme-
diate and helpful feedback. Pearson Mastering Chemistry not 
only provides feedback on a question by question basis but, 
using Knewton-enhanced adaptive follow-up assignments, it 
now continually adapts to each student, offering a personal-
ized learning experience.

As authors, we want this text to be a central, indispensable 
learning tool for students. Whether as a physical book or in elec-
tronic form, it can be carried everywhere and used at any time. 
It is the best resource for students to obtain the information out-
side of the classroom needed for learning, skill development, ref-
erence, 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 prepare for 
more advanced chemistry courses.

If the text is to be effective in supporting your role as instruc-
tor, 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 descriptions of problem-
solving strategies. We hope that our cumulative 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 chem-
istry 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 help students learn and that can guide them 
as they acquire both conceptual understanding and problem-
solving skills. There is a great deal here for the students to use, 
too much for all of it to be absorbed by any student in a one-
year course. You will be the guide to the best use of the book. 
Only with your active help will the students be able to uti-
lize most effectively all that the text and its supplements offer. 
Students care about grades, of course, and with encouragement 
they will also become interested in the subject matter and care 
about learning. Please consider emphasizing features of the 
book that can enhance student appreciation of chemistry, such 
as the Chemistry Put To Work  and Chemistry and Life  boxes that 
show how chemistry impacts modern life and its relationship to 
health and life processes. Also consider emphasizing conceptual 
understanding (placing less emphasis on simple manipulative, 
algorithmic problem solving) and urging students to use the 
rich online resources available.

PREFACE
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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—pro-
vide necessary background for many of the laboratory experi-
ments 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 
considerations of energy changes. As before, we discuss bond 
enthalpies in the Thermochemistry chapter to emphasize the 
connection between the macroscopic properties of substances 
and the submicroscopic world of atoms and bonds. We believe 
this enables an effective, balanced approach to teaching ther-
modynamics in general chemistry, as well as provides students 
with an introduction to some of the global issues involving 
energy 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 sup-
posed to plug numbers.

The next four chapters (Chapters 6–9) deal with electronic 
structure and bonding. For more advanced students, A Closer 
Look boxes in Chapters 6 and 9 highlight radial probability func-
tions 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 Chapters 10–13, the focus of the text changes to the 
next level of the organization of matter: examining the states 
of matter. Chapters 10 and 11 deal with gases, liquids, and 
inter-molecular forces, while Chapter 12 is devoted to solids, 
presenting a contemporary view of the solid state as well as of 
modern materials accessible to general chemistry students. The 
chapter provides an opportunity to show how abstract chem-
ical bonding concepts impact real-world applications. The 
modular organization of the chapter allows instructors to tai-
lor coverage to focus on the materials (semiconductors, poly-
mers, nanomaterials, and so forth) that are most relevant to  
students and instructors alike. This section of the book con-
cludes with Chapter 13, which covers the formation and prop-
erties of solutions.

The next several chapters examine the factors that deter-
mine 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 chemis-
try and the impacts of human activities 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 met-
als, including coordination compounds, and Chapter 24 with 
the chemistry of organic compounds and elementary bio-
chemical themes. These final four chapters are developed in 
an independent, modular fashion and can be covered in any 
order.

Our chapter sequence provides a fairly standard organiza-
tion, but we recognize that not everyone teaches all the top-
ics 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 particular, 
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 descrip-
tive organic and inorganic chemistry by integrating examples 
throughout the text. Students will find pertinent and relevant 
examples of “real” chemistry woven into all the chapters to illus-
trate 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 chemis-
try in the exercises found throughout each chapter.

Moreover, students and instructors who need greater in-depth 
coverage for organic chemistry can refer to the Expanded Edition 
of this Global Edition.

New to This Edition
It is perhaps a natural tendency for chemistry textbooks to grow 
in length with succeeding editions, but it is one that we have 
resisted. There are, nonetheless, many updates to features to 
serve students and instructors better in the classroom. Chem-
istry: 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 cover-
age. The book was updated in a way that did not compromise 
these characteristics, and also continued to employ an open, 
clean design in the layout.

The art program for the fifteenth edition continues the 
trajectory set in the previous two editions: to make greater and 
more effective use of the figures as learning tools, by drawing 
the reader more directly into the figure. The style of the art 
enhances clarity learn and with a clean and modern look. This 
includes white-background annotation boxes with crisp, thin 
leaders; rich and saturated colors in the art, and use of 3D ren-
derings. Using statistics from Pearson Mastering Chemistry, 
we have shifted some Exercises to the ends of sections, where 
students are more likely to attempt them before moving on to 
more complex questions. Also in the ends of sections are new 
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•	 Finally, subtle but important changes have been made to 
allow students to quickly reference important concepts 
and assess their knowledge of the material. Key points are 
set in italic with line spaces above and below for greater 
emphasis. The skills-based How To . . .  features offer step-
by-step guidance for solving specific types of problems 
such as Drawing Lewis Structures, Balancing Redox Equa-
tions, and Naming Acids. These features, with numbered 
steps encased by a thin rule, are integrated into the main 
discussion and are easy to find. Finally, each Learning  
Objective is now correlated to specific end-of-chapter  
exercises. This allows students to test their mastery of each 
learning objective when preparing for quizzes and exams.

•	 The essays titled Strategies in Chemistry, which provide  
advice to students on problem solving and “thinking like a 
chemist,” have been renamed Strategies for Success to better 
convey their usefulness to the student.

We have continued to emphasize conceptual exercises 
in the end-of-chapter problems. In each chapter, we begin 
the exercises with the well-received Visualizing Concepts cat-
egory. These exercises are designed to facilitate conceptual 
understanding through use of models, graphs, photographs, 
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 Inte-
grative Exercises, which give students the opportunity to solve 
problems that integrate concepts from the present chap-
ter with those of previous chapters, is included at the end of 
each chapter. The importance of integrative problem solv-
ing 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 some-
what more difficult exercises to provide a better mix in terms 
of topic and level of difficulty. Many of the exercises are struc-
tured in a way that makes it easy to use them in Pearson Mas-
tering Chemistry. We have made extensive use of the metadata 
from student use of Pearson Mastering Chemistry to analyze 
end-of-chapter exercises and make appropriate changes, as 
well as to develop Learning Outcomes for each chapter.

The essays in our well-received Chemistry Put To Work  and 
Chemistry and Life  series emphasize world events, scientific dis-
coveries, and medical breakthroughs relevant to topics devel-
oped 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.

To the Student
Chemistry: The Central Science, Fifteenth Edition, has been  
written to introduce you to modern chemistry. As authors, 
we have, in effect, been engaged by your instructor to help 

Self-Assessment Exercises that provide immediate assessment 
and feedback content in the form of multiple-choice ques-
tions meant to test the concepts learnt in the section. In the 
Pearson eText, these exercises provide specific wrong-answer 
feedback.

Updates to subject matter in chapter text, Sample Exer-
cises, and assessment content reflect current trends in teaching 
chemistry.

Each section now opens with new section-opening text 
and images that enhance students’ understanding of the con-
cepts introduced in that section as well as explicate the his-
torical contexts around key inventions and discoveries in 
chemistry. 

Key Features in This Edition
Chemistry: The Central Science continues to provide relevant, 
up-to-date content—be it art or assessment material—that 
enhances the clarity and effectiveness of the text. Key features 
for this edition include the following: 

•	 The treatment of energy and thermochemistry draws on 
significant revisions to previous editions. The introduc-
tion of the concept of energy in Chapter 1 allows instruc-
tors greater freedom in the order in which they cover the 
material. For example, this arrangement facilitates, cover-
age of Chapters 6 and 7 immediately following Chapter 2,  
a sequence that is in line with an atoms-first approach to 
teaching general chemistry. The discussion of bond en-
thalpies in Chapter 5 emphasizes the connection between 
macroscopic quantities, like reaction enthalpies, and the 
submicroscopic world of atoms and bonds. We feel this 
leads to a better integration of thermochemical concepts 
with the surrounding chapters. Bond enthalpies are re-
visited in Chapter 8 after students have developed a more 
sophisticated view of chemical bonding.

•	 The text continues to provide students with a clear dis-
cussion, superior problem sets, and better real-time feed-
back on students’ understanding of the material. This is 
based on the authors’ insight into student usage of the 
interactive e-book platform, such as the most frequently 
highlighted passages and the accompanying notes and 
questions.

•	 Extensive effort has gone into creating enhanced content 
for the Pearson eText for the book. These features make 
the eText so much more than just an electronic copy of 
the physical textbook. Self-Assessment Exercises at the end 
of each section are enhanced with specific wrong-answer 
feedback in the Pearson eText. New Smart Figures take key 
figures from the text and bring them to life through anima-
tion and narration. Smart Sample Exercises animate key 
sample exercises from the text, offering students a more in-
depth and detailed discussion than can be provided in the 
printed text. These interactive features also include follow-
up questions, which can be assigned in Pearson Mastering 
Chemistry.
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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 we may further improve the 
book in subsequent editions. Our addresses are given at the end 
of the Preface.

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 top-
ics. Experienced teachers know that students who read the rel-
evant 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 may seem overwhelming. It is essential to 
recognize those concepts and skills that are particularly impor-
tant. Pay attention to what your instructor is emphasizing. As 
you work through the Sample Exercises and homework assign-
ments, try to see what general principles and skills they employ. 
A single reading of a chapter will generally not be enough for 
successful learning of chapter concepts and problem-solving 
skills. You will often need to go over assigned materials more 
than once. Don’t skip the Go Figure features, Sample Exercises, 
and Practice Exercises. These are your guides to whether you are 
learning the material. They are also good preparation for test-
taking. The Learning Outcomes and Key Equations at the end of 
the chapter will also help you focus your study.

Keep good lecture notes. Your lecture notes will pro-
vide you with a clear and concise record of what your instructor 
regards as the most important material to learn. Using your lec-
ture notes in conjunction with this text is the best way to deter-
mine 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 end-of-chapter Summary; 
then quickly read through the chapter, skipping Sample Exer-
cises and supplemental sections. Paying attention to the titles of 

sections and subsections gives you a feeling for the scope of top-
ics. 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 lec-
ture period not simply as a one-way channel of communica-
tion from teacher to student. Rather, they expect students to 
come to class ready to work on problem solving and critical 
thinking. Coming to class unprepared is not a good idea for 
any lecture environment, 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 under-
standing by working the accompanying Practice Exercise.

Learn the language of chemistry. As you study 
chemistry, you will encounter many new words. It is impor-
tant to pay attention to these words and to know their mean-
ings or the entities to which they refer. Knowing how to 
identify chemical substances from their names is an impor-
tant skill; it can help you avoid painful mistakes on examina-
tions. For example, “chlorine” and “chloride” refer to very 
different things.

Attempt the assigned end-of-chapter exercises. 
Working the exercises selected by your instructor provides nec-
essary practice in recalling and using the essential ideas of the 
chapter. You cannot learn merely by observing; you must be a 
participant. 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 
scientists who love chemistry. We encourage you to develop your 
critical thinking skills by taking advantage of features in this 
new 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 Pearson Mastering Chemistry 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 parents, 
and . . . well, also pass the course with a good grade.
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