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Positive lons (Cations)

it

Ammonium (NH, ")
Cesium (Cs*)

Copper(I) or cuprous (Cu*)
Hydrogen (H*)

Lithium (Li%)

Potassium (K™)

Silver (Ag™)

Sodium (Na')

2+

Barium (Ba

Cadmium (Cd>")

Calcium (Ca?™")

Chromium(Il) or chromous

(Cr*")

Cobalt(II) or cobaltous (Co**)

Copper(Il) or cupric (Cu®*)

Iron(II) or ferrous (Fe*™)

Lead(II) or plumbous (Pb*")

Magnesium (Mg?*")

Manganese(II) or manganous
(Mn?*)

Mercury(I) or mercurous (Hg22+)

2+)

Mercury(Il) or mercuric (Hg2+)

Strontium (Sr?™)
Nickel(II) (Ni?*)
Tin(II) or stannous (Sn
Zinc (Zn?")

2+)

3

Aluminum (AI*")
Chromium(III) or chromic (Cr3+)
Iron(III) or ferric (Fe*™")

Negative lons (Anions)

1_

Acetate (C,H;0,7)

Bromide (Br™)

Chlorate (C1O;7)

Chloride (C17)

Cyanide (CN7)

Dihydrogen phosphate
(H,PO,7)

Fluoride (F7)

Hydride (H™)

Hydrogen carbonate or
bicarbonate (HCO, ™)

s

Hydrogen sulfite or
bisulfite (HSO,™)

Hydroxide (OH™)

Iodide (I7)

Nitrate (NO; ™)

Nitrite (NO, ™)

Perchlorate (Cl1O, ™)

Permanganate (MnO, ")

Thiocyanate (SCN™)

2__

Carbonate (CO32_)

Chromate (CrO,*")
Dichromate (Cr2072_)
Hydrogen phosphate (HPO,*")
Oxide (O*7)

Peroxide (022*)

Sulfate (SO,*7)

Sulfide (S%7)

Sulfite (SO5%7)

3 —
Arsenate (AsO43_)
Phosphate (PO43“)

FUNDAMENTAL CONSTANTS*
A 1amu = 1.66053873 x 1072

tomic mass unit g
lg  =6.02214199 X 10% amu
Avogadro’s number N = 6.02214199 X 10%/mol
Boltzmann’s constant  k = 1.3806503 x 102 J/K
Electron charge e = 1.602176462 X 107 C
Faraday’s constant F = 9.64853415 X 10* C/mol
Gas constant R = 0.082058205 L-atm /mol-K
Mass of electron m, =5.485799 X 10 amu
=9.10938188 X 102 g
Mass of neutron m, = 1.0086649 amu
=1.67492716 X 10 g
Mass of proton m, = 1.0072765 amu
=1.67262158 X 10 g
Pi T = 3.1415927
Planck’s constant h = 6.62606876 x 10 J-s
Speed of light c = 299792458 X 108 m/s

*Fundamental constants are listed at the National Institute of Standards and Technology website:
http:/ /physics.nist.gov/PhysRefData/contents.html









r students, whose enthusiasm
uriosity have often inspired us,

1 whose questions and suggestions
/e sometimes taught us.
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To the Instructor

Philosophy

Throughout the evolution of this text, certain goals have guided our writing
efforts. The first is that a text should show students the importance of chemistry
in their major areas of study, as well as in their daily lives. We believe that stu-
dents are more enthusiastic about learning chemistry when they see its impor-
tance to their own goals and interests. With this in mind, we have included
interesting and significant applications of chemistry. At the same time, the text
provides the background in modem chemistry that students need to serve their
professional interests, and, as appropriate, to prepare for more advanced chem-
istry courses.

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

Third, we feel that if the text is to support your role as teacher effectively, it
must be addressed to the students. 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, including carefully
placed descriptions of problem-solving strategies. Together, we have over a hun-
dred years of teaching experience. We hope this is evident in our pacing and
choice of examples.

Organization

In the present edition the first five chapters give a largely macroscopic, phe-
nomenological view of chemistry. The basic concepts introduced—such as
nomenclature, stoichiometry, and thermochemistry—provide necessary back-
ground 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 con-
siderations of energy change. Thermochemistry is also important when we come
to a discussion of bond enthalpies.

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 includ-
ed in this section is an applications chapter on the chemistry of modern materi-
als (Chapter 12), which builds on the student’s understanding of chemical
bonding and intermolecular interactions.

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 sec-
tion 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.

After a discussion of nuclear chemistry (Chapter 21), the final chapters sur-
vey the chemistry of nonmetals, metals, organic chemistry, and biochemistry
(Chapters 22-25). These chapters are developed in a parallel fashion and can be
treated in any order.




Our chapter sequence provides a fairly standard organization, but we rec-
ognize that not everyone teaches all the topics in exactly the order we have cho-
sen. 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 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) earli-
er, after the introduction of redox reactions in Section 4.4. Finally, some instruc-
tors like to cover organic chemistry (Chapter 25) right after bonding (Chapter 9).
With the exception of the discussion of stereochemistry (which is introduced in
Section 24.3), this, too, is a seamless move.

We have always attempted to introduce students to descriptive organic and
inorganic chemistry by integrating examples throughout the text. You will find
pertinent and relevant examples of “real” chemistry woven into all the chapters
as a means to illustrate principles and applications. Some chapters, of course,
more directly address the properties of elements and their compounds, espe-
cially Chapters 4, 7, 12, 18, and 22-25. We also incorporate descriptive organic and
inorganic chemistry in the end-of-chapter exercises.

Changes in this Edition

Our major goal in the ninth 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 accu-
racy 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 received from the faculty and students who used the eighth
edition. Students appreciate the student-friendly style of writing, and we have
preserved this style in the ninth edition. Sections that have seemed most difficult
to students have in many cases been rewritten and augmented with improved
artwork. In order to make the text easier for students to use, we have tried for
an even more open, clean design in the layout of the book.

We have also continued to strengthen the art program, to better convey the
beauty, excitement, and concepts of chemistry to students. The expanded use of
computer-generated molecular art gives students a greater sense of molecular
architecture through ball-and-stick and space-filling representations of mole-
cules. In addition, we have added charge distribution maps in selected cases
where we believe they can enhance student understanding. We have continued
a greater emphasis on three-dimensional representations in the line art. Our goal
continues to be to use color and photos to emphasize important points, to focus
the student’s attention, and to give the text an uncluttered, inviting look.

We still emphasize concept-oriented learning throughout the text. A new
feature in this edition is the What’s Ahead summary at the opening of each chap-
ter. What’s Ahead gives the student a brief overview of the major ideas and rela-
tionships that the chapter will cover. We expect that students will begin their

study of the chapter with more confidence for having a sense of the direction in

which their study will take them. Concept links (=) continue to provide easy-
to-see cross-references to pertinent material covered earlier in the text. The essays
titled Strategies in Chemistry, which provide advice to students on problem solv-
ing and “thinking like a chemist,” continue to be an important feature. We have
added more conceptual exercises to the end-of-chapter exercises. The Integra-
tive Exercises, which give students the opportunity to solve more challenging
problems that integrate concepts from the present chapter with those of previ-
ous chapters, have also been increased in number.

Preface
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Preface

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 experi-
ences. New essays in our well-received Chemistry at Work and Chemistry and Life
series emphasize world events, scientific discoveries, and medical breakthroughs
that have occurred since publication of the eighth edition. 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 appre-
ciate the real-world perspective of chemistry and the ways in which chemistry
affects their lives.

You'll also find that we've:

Revised the end-of-chapter Exercises, with particular focus on the black-
numbered exercises (those not answered in the Appendix).

Integrated more conceptual questions into the end-of-chapter material. For
the convenience of instructors, these are identified by the ~ annotation in
the Annotated Instructor’s Edition, but not in the student edition of the text.

Updated the eMedia Exercises in the end-of-chapter material. These exer-
cises take advantage of the integrated media components and extend stu-
dent’s understanding, using the advantages that interactive, media-rich
presentations offer.

Continued the practice of using a Student Activity icon in the margins to in-
dicate where students can extend understanding of a concept or topic by
looking at an activity located on the Web site or the Accelerator CD-ROM.

Carried the stepwise, Analyze, Plan, Solve, Check, problem-solving strate-
gy into a majority of the Sample Exercises of the book to provide addition-
al guidance in problem solving.

Added dual-column problem-solving strategies in selected Sample Exercis-
es that outline the process underlying mathematical calculations to teach
students how to better perform mathematical calculations.

Reviewed and revised all chapters based on feedback from reviewers and
users. For example, we have:
— Added a brief introduction to organic chemistry in Chapter 2.

—Improved the presentation of the first law of thermodynamics in
Chapter 5.

—Expanded the discussion of superconductivity in Chapter 12.

—_Revised the introductory treatment of equilibrium to eliminate the ar-
tificial distinction between equilibrium constants in gas and aqueous
phases.

— Added a new section on Green Chemistry, which focuses on the envi-
ronmental impacts of chemical processes.

—Improved the treatment of coordination compounds in Chapter 24.

Please see the next pages for more specific details about how the Ninth

Edition’s integrated learning program will help your students succeed.

Supplements

For the Instructor

Annotated Instructor’s Edition (with Guide to Print and Media Resources)
(0-13-038168-3) This special instructor’s edition provides marginal notes




and information for instructors and TAs, including MediaPortfolio and trans-
- parency icons, suggested lecture demonstrations, teaching tips, and back-
- ground references from the chemical education literature for key topics.

Solutions to Exercises (0-13-009798-5)  Full solutions to all end-of-chapter
- exercises in the text are provided. With an instructor’s permission, this man-
~ ual may be made available to students.

Instructor’s Resource Manual (0-13-009802-7) This useful guide describes
 all the different resources available to instructors and shows how to inte-
grate them into your course. Organized by chapter, this manual offers de-
tailed lecture outlines and complete descriptions of all available lecture
 demonstrations, the animated concept sequences, all video demonstrations,
common student misconceptions, and much more.

- ¢ Test Item File (0-13-009792-6) The Test Item File now provides a selection
~ of more than 3800 test questions, a 25% increase over the previous version.
TestGen-EQ (0-13-009793-4) New testbank software designed with algo-
rithmic questions in mind. This computerized version of the Test Item File
includes electronic versions of all 3800 test questions. TestGen-EQ allows
you to create and tailor exams to your own needs and includes tools for
course management, algorithmic question generation, and administering
tests over a local area network.
* Transparencies (0-13-009794-2) Two-hundred seventy-six full-color im-
ages, more than ever before, are included in an easy-to-use binder. For each

1 classrooms.

- ¢ Central Science Live—Companion Web site http://www.prenhall.com/brown
The Companion Web site is the focal point for access to the media suite. In-
structors can use the Syllabus Manager to administer a date-driven syllabus,
including on-line homework assignments or other activities. You can have
your students practice their reading comprehension and skills in the Prob-
lem Solving Center, peruse the Web for chapter-related resources, or view the
Student Activities referred to in the text. If you have adopted the use of the
Premium Access Code to the Web site, the eChapters, media-rich presenta-
tions that echo the book, are also available to your students. Standard and
Premium Access Codes are available; contact your Prentice Hall represen-
tative for more information.

* MediaPortfolio (0-13-009805-1) An instructor CD/DVD set that contains
almost all the art from the text, more than 30 lab demonstration video seg-
ments, and more than a 100 animations of core concepts. Using the includ-
ed MediaPortfolio software, instructors can browse for figures and other
media elements by thumbnail and description, as well as search by key word
or title. In addition, all of the Student Activities available on the student
Accelerator CD are available on the instructor CD/DVD, as well. The images
and videos can be cut and pasted, or dragged into your MS PowerPoint®
lecture presentation or other documents. The set also contains the Instructor’s
Resource Manual in MS Word® format, a pre-built PowerPoint Presentation
for every chapter, as well as all the responsive media elements specifically
developed for Chemistry: The Central Science, Ninth Edition.

* Course Management Options Prentice Hall provides support for course
management systems that are most popular at institutions today, including

WebCT®, WebAssign®, BlackBoard®, and Pearson Education’s own Course--

Compass® (powered by BlackBoard). Course management systems allow
complete course administration, including roster and gradebook manage-
ment, distribution of course materials, setup and maintenance of bulletin
boards and announcements, and other tasks.

transparency, we've made the type even larger for easier viewing in large
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Prentice Hall can provide the content for a complete chemistry course tai-
lored to Chemistry: The Central Science, Ninth Edition, and your course can
even include the entire text on-line. In addition to the gallery of animations,
we provide quizzing and testing material and a wide range of customizing
options. For example, instructors can edit questions, modify/delete/add to
the testing database, categorize material by level of difficulty, award differ-
ent point values for different problems, and give partial credit.

See http:/fwww.prenhall.com/demo for a demonstration of our course man-

agement options.
PH GradeAssist PH GradeAssist is a new homework and assignment sys-
tem that allows students unlimited practice with problems that are algo-
rithmically generated and media-enhanced. Instructors can administer
quizzes and assignments, control the content and assignment parameters,
and receive assignments and view performance statistics with the built-in
gradebook.

In addition, Prentice Hall has partnered with WebAssign, an online sys-
tem that specializes in the administration of on-line homework. For infor-
mation on this system, contact your PH representative.

For the Lab
e Laboratory Experiments (Nelson/Kemp) (0-13-009797-7) This manual in-

cludes 41 finely tuned experiments chosen to introduce students to basic lab
techniques and to illustrate core chemical principles. It contains pre-lab ques-
tions and detachable report sheets. This new edition has been revised to cor-
relate more tightly with the text. Safety and disposal information has also
been updated.

Annotated Instructor’s Edition to Laboratory Experiments (0-13-009803-5)
This AIE combines the full student lab manual with front and back appen-
dices covering the proper disposal of chemical waste, safety instructions for
the lab, descriptions of standard lab equipment and materials, answers to
questions, and more.

For the Student

e Central Science Live—The media suite for the Ninth Edition consists of two

components that can stand alone or work in concert: the Companion Web site
and the Accelerator CD. Access to the materials on the Companion Web
site are available through both Standard and Premium Access Codes. Many
of the rich media assets available on Central Science Live are available on both
the CD and on the Web site, and if used together, logging into the Web site
provides a rapid, seamless, fully integrated experience for the student.
Central Science Live—Companion Web site http://www.prenhall.com/
brown Now even more integrated and easier to use, this innovative on-line
resource center is designed specifically to support and enhance Chemistry: The
Central Science, Ninth Edition. Now the front-door for Central Science Live,
it features:

— A Problem-Solving Center, where students have access to more than
2000 additional problems—including algorithmically generated ques-
tions and non-multiple-choice questions—all organized by chapter,
each with specific hints and detailed feedback. Also included are cu-
mulative quizzes and MCAT review questions.

— A Visualizing Molecules module, with pre-built 3-D models of mole-
cules discussed in the text that can be manipulated in real time and dis-
played in different representations.
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—Constantly updated Current Topics Module, linking your students to
recently published articles from the lay press, and a Web Resources
Center that links your students to other carefully selected, chemistry-
related Web sites.

— A Student Activities module, with hundreds of movies, animations,
and interactive simulations that help students discover chemistry. The
movies show real chemistry being performed in demonstrations, the
animations focus on molecular processes that can’t be seen any other
way, and the interactive simulations allow students to do experiments
and draw conclusions based on simulated experimental results.

—eChapters, available only on the Premium version of the Web site, which
are short synopses of the chapter material, written to include and point
to the many Student Activities available in eMedia Chemistry, and in-
cluding interactive and algorithmically generated self-assessment ques-
tions and worked examples. Many students find this an excellent way
to preview or review the chapter material in the textbook.

—An eBook (electronic version of the full textbook) enables students to
link directly from Web-based activities and from eChapters to the ap-
propriate sections of the text. This allows students to work through
Web exercises without having the actual text in front of them.

Central Science Live—Accelerator CD This book-specific companion to

Chemistry: The Central Science, Ninth Edition, presents core chemistry content

in a dynamic and interactive way. Designed for students, it includes:

—Over 60 short, narrated animations presenting selected topics that are
more easily conveyed in a visual fashion, and over 30 laboratory
demonstration video clips showing chemistry in live action.

—Opver 100 Student Activities, responsive activities and simulations that
allow students to learn by taking the initiative, changing conditions,
adjusting variables, and establishing trends.

—DMediaPortfolio software that allows thumbnail browsing, as well as
search capabilities for words and media types, with links to text content.

* Solutions to Red Exercises (0-13-009799-3) Full solutions to all of the red-
numbered exercises in the text are provided. (Short answers to red exercis-
es are found in the appendix of the text).

* Solutions to Black Exercises (0-13-009790-X) Full solutions to all of the
black-numbered exercises in the text are provided.

* Student’s Guide (0-13-009795-0) This book assists students through the
text material with chapter overviews, learning objectives, review of key
terms, cumulative chapter review quizzes, and self-tests. Included are an-
swers to all Student’s Guide exercises. Chapter summaries are correlated to
those in the Instructor’s Resource Manual.

* Math Review Toolkit (0-13-009801-9) This free book reinforces the skills
necessary to succeed in chemistry. It is keyed specifically to chapters in
Chemistry: The Central Science, Ninth Edition, and includes additional math-
ematics review, problem-solving tools and examples, and a section on writ-
ing for the laboratory.

® Lecture Notebook (0-13-038169-1) This lecture notebook contains the art
from the text with notetaking sections to obviate the need for students to
spend time re-drawing figures in lecture and instead, concentrate on taking
notes. :

* Prentice Hall/The New York Times “Themes of the Times”—Chemistry

This innovative program is designed to bring current and relevant applications

into the classroom. Adopters of Chemistry: The Central Science, Ninth Edition,

are eligible to receive these unique “mini-newspapers” that bring together
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a collection of the latest and best chemistry articles from the highly respect-
ed pages of The New York Times. (Updated twice annually.)

e Prentice Hall Molecular Model Set for General and Organic Chemistry
(0-13-955444-0) This ball-and-stick model kit is designed for use in gen-
eral chemistry and the student’s next course in organic chemistry. It in-
cludes trigonal bipyramidal and octahedral atom centers as well as 14
carbon atoms.

To the Student

Chemistry: The Central Science, Ninth Edition, has been written to introduce you to
modern chemistry. During the many years that we have been practicing chemists,
we have found chemistry to be an exciting intellectual challenge and an extraor-
dinarily 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 enthu-
siasm, excitement, 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 com-
ments of students and instructors who have used this book in its previous edi-
tions, 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.

Advice for Learning and Studying Chemistry

Learning chemistry requires both the assimilation of many new concepts and
the development of analytical skills. In this text we have provided you with
numerous tools to help you succeed in both. We have provided details of the
features of this text in the “walk-through” on pages xxviii-xxxiii. You will find
it helpful to examine those features.

As you proceed through your course in chemistry, it is important for you to
develop good study habits to help you in the learning process. We offer the fol-
lowing tips for success in your study of chemistry:

Don'’t fall behind! In your chemistry course, new topics will build on materi-
al 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. “Cramming” just before an exam has been shown to be an ineffective way to
study any subject, chemistry included.

Focus your study. The amount of information you will receive in your chem-
istry course can sometimes seem overwhelming. Itis essential to recognize those
concepts and skills that are particularly important. Listen intently to the guidance
and emphasis provided by your instructors. Pay attention to the skills stressed
in the Sample Exercises and homework assignments. Notice the italicized state-
ments in the text, and study the concepts presented in the chapter summaries.

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. Use your lecture notes in conjunction with this text; that’s your best way
to determine 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 introduction
and Summary, then quickly read through the chapter, skipping Sample Exercises
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supplemental sections. Pay attention to the titles of sections and subsections,
give you a feeling for the scope of topics. Try to avoid thinking that you
learn and understand everything right away.
- After lecture, carefully read the topics covered in class. You will probably need to
assigned material more than once to master it. As you read, pay attention
the concepts presented and to the application of these concepts in the Sample
ises. Once you think you understand a Sample Exercise, test your under-

ding by working the accompanying Practice Exercise. As you progress
ough the text, you will encounter Sample Integrative Exercises: Putting Concepts

her. These are designed to help you see how concepts and methods learned
earlier chapters can be put together with newly learned materials.
- Learn the language of chemistry. As you study chemistry, you will encounter
y new words. It is important to pay attention to these words and to know
°ir meanings, or the entities to which they refer. Knowing how to identify
emical substances from their names is an important skill; it can help you avoid

mistakes on examinations.

Attempt all the assigned end-of-chapter exercises. Working the exercises that have

selected by your instructor provides necessary practice in recalling and
g the essential ideas of the chapter. You cannot learn merely by observing;
must be a participant. In particular, try to resist checking the Solutions Man-
(if you have one) until you have made a sincere effort to solve the exercise
urself. If you really get stuck on an exercise, however, get help from your
tructor, your teaching assistant, or from another student. Spending more than
minutes on a single exercise is rarely effective unless you know that it is par-
cularly challenging.
- Make use of the Web site. Some things are more easily learned by discovery, and
ers are best shown in three dimensions. Use the Companion Web site to this
ext to get the most out of your time in chemistry.

The bottom line is to work hard, study effectively, and use the tools that are

available to you, including this textbook. We want to help you learn more about
world of chemistry and why it is the central science.
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