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At the core of natural science, chemistry is so crucial to an
understanding of medicine, molecular biology, genetics,
pharmacology, ecology, atmospheric science, engineering,
nuclear studies, materials science, and many other fields that
it has become a central requirement for an increasing num-
ber of academic majors. Furthermore, chemical principles
are at the core of many key societal issues, including climate
change, energy options, materials recycling, diet and nutri-
tion, and medicine and disease.

WHAT SETS THIS BOOK APART

For five editions, Chemistry: The Molecular Nature of Mat-
ter and Change has been recognized for setting the stan-
dard among general chemistry textbooks. This sixth edition
maintains that unparalleled reputation by keeping pace
with the evolution of student learning. The text still con-
tains the most accurate macroscopic-to-molecular illustra-
tions, consistent step-by-step worked problems, and an
extensive collection of end-of-chapter problems, with a
wide range of difficulties and applications targeting student
interests in engineering, medicine, materials, and environ-
mental studies. Changes throughout the text have made it
more succinct, the artwork more teachable and modern,
and the design more open and inviting. And, while the con-
tent has certainly been updated to reflect chemistry’s grow-
ing impact in the world, the mechanisms of the text—the
teaching approaches that are so admired and emulated—
have remained the same.

Visualizing Chemical Models

Chemistry deals with observable changes caused by unob-
servable atomic-scale events, requiring an understanding of
a size gap of mind-boggling proportions. One of the text’s
goals coincides with that of so many teachers: to help the
student visualize chemical events on the molecular scale.
Thus, concepts are explained first at the macroscopic level
and then from a molecular point of view, with the text’s
groundbreaking illustrations always placed next to the dis-
cussion to help today’s visually oriented students.

Thinking Logically to Solve Problems

The problem-solving approach, based on the four-step
method widely accepted by experts in chemical education,
is introduced in Chapter 1 and employed consistently
throughout the text. It encourages students to plan a logical
approach to a problem, and only then proceed to solve it.
Each sample problem includes a check. Finally, for practice
and reinforcement, each sample problem is followed imme-
diately by a similar follow-up problem, for which an abbre-
viated solution is given at the end of the chapter.

AN EVOLVING LEARNING SYSTEM

Just as the field of chemistry is addressing major changes in
the world, the student learning experience is changing as
well—different math and reading preparation, less time for
traditional studying, electronic media as part of daily lec-
tures and homework, and so on. To address these needs, a
modern general chemistry text supported by a suite of robust
electronic tools for teacher and student must continue to
evolve. From first to second edition, a major emphasis was
placed on creating more molecular art to help students visu-
alize chemistry at that level. The third edition incorporated
many revised sample problems and a plethora of new end-
of-chapter problems. The fourth edition gave birth to molec-
ular-scene sample problems to help students understand
concepts through simple molecular depictions. Molecular
scenes became so popular that the fifth edition tripled the
number of sample problems and doubled the number of
end-of-chapter problems using them. During these revi-
sions, major content improvements took place in limiting-
reactant stoichiometry, green chemistry, biomolecular
structure, kinetics and equilibrium, entropy and free energy,
and nuclear chemistry, among many other areas.

In preparation for the sixth edition, the author, together
with key members of the editorial, sales, and marketing
teams, consulted extensively with student and faculty users.
From chapter reviews, focus groups, symposia, class tests,
and one-on-one interviews with teachers, we were gratified
to learn that everyone loved the pioneering, and still the
most accurate, molecular art; the stepwise problem-solving
approach, time-honored and consistent with decades of edu-
cation research; the abundant mix of qualitative, basic quan-
titative, and applied end-of-chapter problems; and the
student-friendly coverage of mainstream topics.

Based on this feedback, this edition focuses on “refining
the standard” set earlier: distilling the writing to be concise
and direct, opening up the overall appearance of pages, and
improving illustrations by shortening legends and adding
explanations into the art.

Content Changes to Individual Chapters

e Chapter 2 has a figure and table on molecular modeling.
* Discussion of empirical formulas has moved from Chapter 2
to Chapter 3 so it appears just before molecular formulas.

e Within Chapter 3, some sample problems have been seg-
mented and seven new sample problems introduced to better
focus problem-solving on distinct concepts.

e Chapter 3 contains more extensive use of stoichiometry
reaction tables in limiting-reactant problems.

e Chapter 4 presents a new molecular-scene sample problem
on depicting an ionic compound in aqueous solution.

Xix
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e Chapter 5 includes a new subsection on how gas laws
apply to breathing.

e Chapter 5 also contains new short discussions on the rel-
evance of gas density. The coverage of reaction stoichiom-
etry has been more logically grouped with other
rearrangements of the ideal gas law.

e Chapter 5 contains new illustrations of diffusion and origin
of pressure. It also uses the gas laws to explain why the
troposphere has a uniform composition.

e Chapter 7 includes a new sample problem on using the
Rydberg equation.

e Chapter 8 contains a new subsection covering electron
configuration, chemical reactivity, and redox behavior.

e Chapter 9 contains a new discussion of carbon dioxide in
global warming.

e Chapter 11 includes a new discussion of limitations to
d-orbital hybridization.

e Chapter 12 presents new short discussions of everyday
applications of surface tension, capillarity, and viscosity.

e Chapter 13 presents everyday applications of freezing
point depression and osmotic pressure.

e The fifth edition’s Interchapter has been deleted, but key
figures have been placed in relevant locations within other
chapters.

e Chapter 14 provides a thorough, focused survey of main-
group descriptive chemistry.

e Chapter 15 contains new art for the molecular biology of
protein synthesis and DNA replication.

e Chapter 16 incorporates two of the fifth edition’s boxed
features—on measuring reaction rates and on enzymes—into
the chapter text.

e Chapter 17 makes consistent use of benchmarks for deter-
mining when an assumption

topics to be rearranged with minimal loss of continuity. For
example, redox balancing can be covered in Chapter 4, in
Chapter 21, or, as done in the text. Likewise, several chap-
ters can be taught in different orders. For instance, gases
(Chapter 5) can be covered in sequence to explore the math-
ematical modeling of physical behavior or, with no loss of
continuity, just before liquids and solids (Chapter 12) to
show the effects of intermolecular forces on the three states
of matter. In fact, feedback has indicated that many teachers
move chapters, sections, and topics around, for example,
covering descriptive chemistry (Chapter 14) and organic
chemistry (Chapter 15) in the more traditional placement at
the end of the course. Because the topic sequence is so flex-
ible, any teacher can feel comfortable making such changes
to suit his or her course.

THE SILBERBERG LEARNING SYSTEM

Many pedagogic tools are woven throughout the chapters to
guide students on their learning journey.

Chapter Openers

Each chapter introduces a familiar application and photo
relating to the main topic of the chapter, followed by a bul-
leted list of main topics. The chapter outline shows the
sequence of topics and subtopics. At the top of the opposite
page, Concepts and Skills to Review lists key material from
earlier chapters that students should understand before start-
ing to read the current one.

is valid. It also incorporates
the fifth edition’s boxed fea-
ture on ammonia produc-
tion into the text.

e Chapter 19 incorporates the
fifth edition’s boxed feature
on cave formation into the
chapter text.

Three Major Classes
of Chemical Reactions

Flexibility in Topic and
Chapter Presentation

Chemistry: The Molecular
Nature of Matter and Change
has been revised to keep the
mainstream topic sequence
working optimally for teacher
and student. But every course
is unique, so flexibility has
been built in: many section
and subsection breaks allow




Problem Solving

A worked-out Sample Problem appears whenever an impor-
tant new concept or skill is introduced. The problem-solving
step helps students think through chemistry problems logically
and systematically. The universally accepted four-step
approach of plan, solve, check, and practice is used consis-
tently for every sample problem in the text. The steps are:

e Plan analyzes the problem so that students can use what
is known to find what is unknown. This step develops the
habit of thinking through the solution before performing
calculations. Most quantitative problems are accompanied
in the margin by a Road Map, a block diagram that is
specific to the problem and leads students visually through
the planned steps.

¢ Solution presents the calculation steps in the same order
as they appear in the plan and in the road map.

¢ Check fosters the habit of going over one’s work with a
rough calculation to make sure the answer is both chemi-
cally and mathematically reasonable—a great way to avoid
careless errors. In many cases, this step is followed by a
Comment that identifies an additional insight, alternative
approach, or common mistake to avoid.

¢ Follow-Up Problem presents a similar problem to provide
immediate practice, with an abbreviated multistep solution
appearing at the end of the chapter. Where appropriate in the
first several chapters, students are asked to draw their own
road map to solve the follow-up problem.

Sﬂlﬂmlﬂ Balancing an Equation from a Molecular Scene

Problem The following molecular scenes depiet an impartant reaction in nitrogen
chemistry (mitrogen is blue; oxygen s red):

2 - ., v = ~
. I V. B
/ :‘ .

o o T
v o8 / ™
N\ ™/ 9
= - —
Write a balanced equation for this reaction.

Plan To write a balanced equation, we fist hive 10 determine the formulas of the
melecules and obtain coelficients by counting the number of cach molecule, Then, we
arrange this information in the cormect equation format. vsing the smallest whole-number
coefficients and including states ol matter.
Solution The reactant circle shows only one type of molecule. 1t has two N and five
O atoms, so the formula is N,Og: there are four of these molecules. The product circle
shows two different molecules, one with one N and wwo O woms, and the other with
two O proms: there are eight NO; and two Oy, Thus, we have:

ANy —= BNO, + 20,
Writing the balanced equation with the smallest whole-number coelficients and all
substanCes ns gases:

NGO ) —= ANOSR) + Oglg)
Check Renctant (4 N, 1) O) — products (4 N, 8 + 2 = 100)
i'llllil'l\.'.l-U[l Problem 3.13 write o batanced equation for the important atmospheric

regction depicted befow (carbon is block: oxygen is red):

T
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Three-Level lllustrations

As the art that set the standard for chemistry textbooks,
these illustrations connect the macroscopic and molecular
levels of reality with the symbolic level in the form of a
chemical equation.
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Annotated Figures

Modern, explanatory figures describe chemical processes
through instructional labeling and realistic, three-dimensional
art.
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Section Summaries

Concise, bulleted summary lists conclude each section,
restating the major ideas just covered.

¥ Summary of Section 9.1

o Nearty il natursily ecourring subitances consiat of stome of kens bondisd tn sthers
Chumical bonding allces stoms o kewor their energy

+ Jonie bonding occurs whn sl soms transher slections 1o nommial stomes, and
the rewulting ioos anrect each other and farm an fonic solid.

o Covilent boniding |s most comman betwwen nonmetsl sioms and Lsaally el
in individual molocules. Bondod atoms shars one or more pairs of ohectronms that
wre locallzed bitwasn thom

o Metnilie booding ocours whish many motsl atoms pool thair vilencs slectrong into
® Aelocilised slectron “sea”™ that holds all the sorms in the sampls togethor

* The Luwis shoctron-dot symbol af § main-group siom shows valence afictrons an
tots surrounding the elament symial

« The octit ruls says that, wiwn booding, many somas (ose,. gain. of share slectronn
o attadn @ fillee) outet level of sight (or two) electrons.
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01| (NMR) Spectreseopry

ol & Metabolic Pathway

Applications ' ;

Chemical Connections essays show the
interdisciplinary nature of chemistry by
applying chemical principles directly to
related scientific fields, including physiol-
ogy, geology, biochemistry, engineering,
and environmental science. Tools of the
Laboratory essays describe the key instru-
ments and techniques that chemists use in
modern practice to obtain the data that
underlie their theories. Both essay features
now include several problems to enhance
learning and relevance.

Drrsign and Control ' r 1 Nuclear Magnetic Resonance

Chapter Review Guide i it

A rich catalog of study aids ends each chapter to help stu-

dents review its content. g O

e Learning Objectives, with section and/or sample prob-
lem numbers, focus on key concepts and skills.

¢ Key Terms are boldfaced and defined within the chapter
and listed here by section (with page numbers), as well
as being defined again in the Glossary.

* Key Equations and Relationships are screened and
numbered within the chapter and listed here with page
numbers.

e Brief Solutions to Follow-Up Problems double the
number of worked problems by providing multistep cal-
culations at the ends of the chapters, rather than just a
numerical answer at the back of the book. Road maps
are supplied for those follow-up problems that ask stu-
dents to prepare one in planning their solution.




Preface xxiii

End-of-Chapter Problems .

An exceptionally large number of qualitative,

quantitative, and molecular-scene homework prob-

lems end each chapter. Three types of problems are

keyed by chapter section, with comprehensive

problems following:

* Concept Review Questions test students’ quali-
tative understanding of key ideas.

o Skill-Building Exercises are grouped in pairs that
cover a similar idea, with one of each pair answered
in the back of the book. These exercises begin with
simple questions and increase in difficulty, gradu-
ally eliminating students’ need for multistep
directions.

¢ Problems in Context apply the skills learned in
the skill-building exercises to interesting scenar-
ios, including examples from industry, medicine,
and the environment.

Comprehensive Problems

2118 Helium is the Tightest noble gas and the second most abun-
ddant element (after hydrogen) in the universe

() The rudius of 2 h\llllll! atorn is 3.0 1071 m; thie mdius of its
nucleus is 252107 m. What fraction of the sphetical atomie
volume is occupied by the nucleus (V of a sphere = '.-m o 14

() Thie mnisss of & Belivm-=4 atom is 6646485 107 g anmd each of
its two electrons has o mass of 9109393 107 g What fraction of
this atom®s mass is contributed by its nucleus?

2120 Frown the following ions (with their radii in pm), choose the
pair that farms the strongest ionic bond and the pair that forms the
weakest)

lon: Mg* K Rh*  Ba il o I
Rudiuk: 72 138 152 135 181 140 220

211 Give the molecular mass of cach compound depicted below,

. Comprehensive Problems’ most based on real- and provide a correct name Toe any that are named incomectly
istic applications, are more challenging and rely tw hos, il
on concepts and skills from any section of the @

current chapter or from previous chapters.

) phesphorus  (d) dinitrida
1 trichlonides portancics

0 pti mized Presentati 0 n Converting Between Amount, Mass, and Number

of Clmnr:l! E

Text paragraphs have been made more concise, with presen-
tation of content optimized through the use of subheads, g ewers o P oo Beammt oo o
numbered paragraphs, and lists. Main ideas are delineated, R
resulting in a more student-friendly study format.

= v e () e aresinr el iVl Doy S odar wisa (vmiiply by LMK
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LEARNING SYSTEM RESOURCES
FOR TEACHERS

= connect

|CHEMISTRY
www.mcgrawhillconnect.com/advplac

McGraw-Hill Connect is a web-based, interactive assign-
ment and assessment platform that incorporates cognitive
science principles to customize the learning process. The
chemical drawing tool found within Connect: Chemistry is
CambridgeSoft’s ChemDraw, which is widely considered
the “gold standard” of scientific drawing programs and the
cornerstone application for drawing and annotating mol-
ecules, reactions, and pathways. This combination of Con-
nect and ChemDraw is an easy-to-use, intuitive, and
comprehensive course management and homework system
with professional-grade drawing capabilities.

e
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McGraw-Hill’s ConnectPlus eBook takes digital texts
beyond a simple PDF. With the same content as the printed
book, but optimized for the screen, the ConnectPlus eBook has
embedded media, including animations and videos, which
bring concepts to life.

End-of-chapter problems from this textbook are avail-
able in Connect: Chemistry for teachers to build assign-
ments that are automatically graded and tracked through
reports that export easily to Excel. In addition to these ques-
tions, AP teachers have access to hundreds of AP-style
multiple-choice and free-response questions adapted by AP
teacher David Hostage, as well as two AP Practice Tests.
Using Connect, teachers can edit existing problems and
write entirely new problems; track individual student per-
formance—by problem, assignment, concept, or in relation
to the class overall—with automatic grading; provide instant
feedback to students; and store detailed grade reports
securely online. Within Connect, teachers can also create
and share materials with colleagues. Contact your Glencoe/
McGraw-Hill representative for pricing information.

Blackboard Course Management Integration

% m McGraw-Hill Education and Black-
A ‘ Blackboard

board, the Web-based course-manage-
L ment system, have teamed up to allow
Do More students and faculty to easily use online
materials and activities to complement face-to-face teach-
ing. Blackboard features exciting social learning and teach-
ing tools that foster more logical, visually impactful, and
active learning opportunities for students. This partnership
allows teachers and students access to McGraw-Hill’s Con-
nect™ and Create™ from within Blackboard—with a single
sign-on.

Teachers also get deep integration of McGraw-Hill
content and content engines into Blackboard. Whether
choosing a book for your course or building Connect™
assignments, all the tools you need are right where you want
them—inside Blackboard. Gradebooks are also seamless.
When a student completes an integrated Connect™ assign-

ment, the grade for that assignment is automatically (and
instantly) fed to the Blackboard grade center.

Online Learning Center On your textbook’s Online
Learning Center is an online digital library containing
McGraw-Hill owned photos, artwork, animations, and other
types of media that can be used to create customized lec-
tures, visually enhanced tests and quizzes, compelling
course websites, or attractive printed support materials for
classroom purposes. The visual and presentation resources
in this collection include the following:

e Art, Photos, and Tables Full-color digital files of all illus-
trations in the book can be readily incorporated into lecture
presentations, exams, or custom-made materials. The photo
collection contains digital files of photographs from the
text, which can be reproduced for multiple classroom uses.
Additionally, every table that appears in the text has been
saved in electronic form for use in classroom presentations
and/or classroom materials.

e Animations Numerous full-color animations illustrating
important processes are also provided. Harness the visual
impact of concepts in motion by importing these files into
classroom presentations or online course materials.

e PowerPoint Lecture Outlines Ready-made presentations
that combine art and lecture notes are provided for each
chapter of the text.

e PowerPoint Slides For teachers who prefer to create their
lectures from scratch, all illustrations, photos, sample
problems, and tables have been inserted into blank Power-
Point slides, arranged by chapter.

The teacher side of your textbook’s OLC includes a vari-
ety of AP-specific materials including an AP Teachers
Manual.



AP Teacher’s Manual To help AP teachers develop and
teach their course, we provide an AP-specific teacher’s
manual. This manual, developed by AP teacher Marian
DeWane, provides many useful tools to AP teachers.

Computerized Test Bank Prepared by Walter Orchard,
Professor Emeritus of Tacoma Community College, over
2300 test questions to accompany Chemistry: The Molecu-
lar Nature of Matter and Change are available utilizing
Brownstone’s Diploma testing software. Diploma’s soft-
ware allows you to quickly create a customized test using
McGraw-Hill’s supplied questions or by authoring your
own. Diploma allows you to create your tests without an
Internet connection—just download the software and ques-
tion files directly to your computer.

Instructor’s Solutions Manual This supplement, pre-
pared by Patricia Amateis of Virginia Tech, contains com-
plete, worked-out solutions for all the end-of-chapter
problems in the text. It can be found within the Instructors
Resources, on the Connect: Chemistry site.

3 Create

Customizable Textbooks: Create McGraw-Hill Create™ is
a new, self-service website that allows you to create custom
course materials—print or eBook—by drawing on McGraw-
Hill’s comprehensive, cross-disciplinary content. Add your
own content quickly and easily. Then, arrange the content in
a way that makes the most sense for your course. Even per-
sonalize your book with your course name and information.
Choose the best format for your course: color print, black-
and-white print, or ebook (which is viewable on an iPad).
Contact your sales representative to create your custom
book.

Cooperative Chemistry Laboratory Manual Prepared
by Melanie Cooper of Clemson University, this innovative
manual features open-ended problems designed to simu-
late experience in a research lab. Working in groups, stu-
dents investigate one problem over a period of several
weeks, so they might complete three or four projects dur-
ing the semester, rather than one preprogrammed experi-
ment per class. The emphasis is on experimental design,
analytic problem solving, and communication.

LEARNING SYSTEM RESOURCES
FOR STUDENTS

B comect

|CHEMISTRY

With Connect: Chemistry, you can practice solving
assigned homework problems using the Silberberg prob-
lem-solving methodology applied in the textbook. Algo-
rithmic problems serve up multiple versions of similar
problems for mastery of content, with hints and feedback
to help you stay on track. Where appropriate, you engage
in accurate, professional-grade chemical drawing through
the use of CambridgeSoft’s ChemDraw tool, which is
implemented directly into homework problems. The AP-
specific questions and AP Practice Tests available through
Connect will help you prepare for the AP Exam.

A LearnSmart

LearnSmart™ This adaptive diagnostic learning system,
powered by Connect: Chemistry and based on artificial
intelligence, constantly assesses your knowledge of
the course material. As you work within the system,
LearnSmart develops a personal learning path adapted to
what you have actively learned and retained. This innova-
tive study tool also has features to allow your teacher
to see exactly what you have accomplished, with a built-
in assessment tool for graded assignments.

Student Study Guide This study guide, prepared by
Libby Bent Weberg, is designed to help you recognize your
learning style; understand how to read, classify, and create a
plan for solving a problem; and practice problem-solving
skills. For each chapter section, the guide provides study
objectives and a summary of the text. Following the sum-
mary are sample problems with detailed solutions. Each
chapter has true-false questions and a self-test, with all
answers provided at the end of the chapter.

Student Solutions Manual This supplement, prepared
by Patricia Amateis of Virginia Tech, contains detailed solu-
tions and explanations for all problems in the main text that
have colored numbers.

Animations for MP3/iPod A number of animations are

available for download to your MP3/iPod through the text-
book’s Connect website.

XXV



he sixth edition and its associated learning system are

the culmination of numerous chapter reviews, insightful
suggestions, brainstorming sessions, focus groups, interviews,
and class tests. Each person involved played an important part
in the revision of the text and its ancillaries.

I feel very fortunate to have a relationship with my pub-
lisher based on mutual respect, shared goals, and warm friend-
ship. Heading the McGraw-Hill Higher Education team with
their advice and support were Publisher Ryan Blankenship and
Executive Editor Jeff Huettman, Developmental Editor Donna
Nemmers, Director of Digital Content David Spurgeon, Digital
Project Manager Daryl Bruflodt, Project Manager Peggy Selle,
Designer David Hash, and Marketing Manager Tami Hodge.

Patricia Amateis, Virginia Tech, helped revise several chapters
and prepared Appendix E as well as the Instructor’s and Student
Solutions Manuals. Krishnan Rajeshwar, University of Texas—
Arlington, updated the discussion of the future of energy use.

I am very grateful to the Board of Advisors, who helped
me make this text the optimum teaching tool: Debra Feakes,
Texas State University—San Marcos, Derek Gragson, Califor-
nia Polytechnic State University—San Luis Obispo, and James
Reeves, University of North Carolina—Wilmington. Also, my
deepest gratitude extends to the following individuals, who
attended focus groups or symposia, provided content reviews,
and class-tested materials in preparation for the Sixth Edition
and its associated learning system:

Patricia Amateis, Virginia Tech

Margaret Asirvatham, University
of Colorado—Boulder

Yiyan Bai, Houston Community
College—Central

Laurance Beauvais, San Diego State
University

Thomas Bertolini, University of Southern
California

Fereshteh Billiot, Texas A&M
University—Corpus Christi

Deborah Booth, University of Southern
Mississippi

Simon Bott, University of Houston

Stacey Lowery Bretz, Miami University
of Ohio

Karen Brewer, Virginia Tech

Les Butler, Louisiana State University

Bindu Chakravarty, Houston Community
College—Northeast Campus

Chris Cheatum, University of lowa

Liwei Chen, Ohio University

Tom Clausen, University of Alaska—
Fairbanks

Erin Dahlke, Loras College

Michelle Driessen, University of Minnesota

Jack Duff, Southern Polytechnic State
University

Bill Durham, University of Arkansas

Emmanuel Ewane, Houston Community
College—Northwest

Deborah Exton, University of Oregon

Paul Fazen, Villanova University

David Frank, California State
University—Fresno

John Gelder, Oklahoma State University

Greg Gellene, Texas Tech University

Dimitri Giarikos, Nova Southeastern
University
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Michael Greenlief, University of
Missouri—Columbia

Todor Gounev, University of
Missouri—Kansas City

John Hagen, California Polytechnic State
University—San Luis Obispo

Michael Hailu, Columbus State Community
College

John Halpin, New York University

Narayan Hosmane, Northern Illinois
University

Larry Houk, University of Memphis

Eihab Jaber, Worcester State University

Heiko Jacobsen, Tulane University

Richard Jarman, College of DuPage

Steve Keller, University of Missouri

San Kim, Northern Virginia Community
College

Chuck Kirkpatrick, St. Louis University

Marina Koether, Kennesaw State University

Patric Kolniak, Louisiana State University

Pamela Kraemer, Northern Virginia
Community College

Jothi Kumar, North Carolina A&T State
University

Dorothy B. Kurland, Emeritus, West Virginia
Institute of Technology

Anna Larsen, Ithaca College

Allison Long, Georgia Southern University

Jeanette Madea, Broward Community
College

Diana Malone, Clarke University

Lisa McGaw, University of Central
Oklahoma

Thomas McGrath, Baylor University

Danny McGuire, Cameron University

Bill McLaughlin, Montana State University

Lauren McMills, Ohio University

Joyce Miller, San Jacinto College—South

Kristine Miller, Anne Arundel Community
College

Jeremy Mitchell-Koch, Emporia State
University

Debbie Mohler, James Madison University

Kereen Monteyne, University of Northern
Kentucky

Mahesh Narayan, University of
Texas—El Paso

Jessica Orvis, Georgia Southern University

Jason Overby, College of Charleston

Richard Paselk, Humboldt State University

Louis Pignolet, Emeritus, University of
Minnesota

John Pollard, The University of Arizona

Bernard Powell, University of Texas—San
Antonio

William Quintana, New Mexico State
University

Edward Quitevis, Texas Tech University

Jetf Rack, Ohio University

Lisa Reece, Ozarks Technical Community
College

Michelle Richards-Babb, West Virginia
University

Dawn Rickey, Colorado State University

Thomas Ridgway, University of Cincinnati

Steven Rowley, Middlesex County College

Raymond Sadeghi, University of Texas—San
Antonio

Issa Salame, The City College of New York

Jim Satterlee, Washington State University

Colleen Scott, Southern Illinois
University—Carbondale

Thomas Selegue, Pima Community College

Steve Shore, Oklahoma City Community
College

Michael Sommer, University of Wyoming

Jie Song, University of Michigan—Flint



David Speckhard, Loras College

Rick Spinney, Ohio State University

Emelyn S. Q. Tan, National University of
Singapore

Kimberly Trick, University of Dayton Arizona

Connect: Chemistry has been greatly enhanced by the
efforts of Kereen Monteyne, University of Northern Ken-
tucky; MaryKay Orgill, University of Nevada—Las Vegas;
and Yasmin Patell, Kansas State University; who did a mas-
terful job of authoring hints and feedback to augment all of
the system’s homework problems. The following individu-
als helped write and review learning goal—oriented content
for LearnSmart for General Chemistry: Margaret Asir-
vatham, University of Colorado—Boulder; William Burns,
Arkansas State University; Cabot-Ann Christofferson,
South Dakota School of Mines; Christina Johnson, Univer-
sity of California—San Diego; Adam I. Keller, Columbus
State Community College; Willem R. Leenstra, University
of Vermont; Margaret Ruth Leslie, Kent State University;
Benjamin R. Martin, Texas State University—San Marcos;
Kathy Thrush Shaginaw, Particular Solutions, Inc.; and Erin
Whitteck.

Cyriacus Uzomba, Austin Community College
Debbie Warnaar, James Madison University
Lyle Wescott, University of Mississippi
Wayne Wesolowski, The University of
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Daniel Williams, Kennesaw State University

Stephanie Wunder, Temple University

Timothy Zauche, University of Wisconsin—
Platteville

Lin Zhu, IUPUI

Several expert freelancers contributed as well. As al-
ways, Jane Hoover did an excellent copyediting of the text-
book, and Francine Banwarth and Rose Kramer followed
with meticulous proofreading. John Murdzek and Lau-
relTech exercised careful skill in accuracy-checking content
within Connect: Chemistry.

Over the years and editions, I've always had the great
benefit of the expertise of my “in-home” team. This time
around, my son, Daniel, offered his keen artist’s eye to the
figures revised, the photos selected, and the cover devised.
And my wife, Ruth, made this text come to fruition—Iliter-
ally. She worked closely with the McGraw-Hill production
team and provided indispensable, detailed input to the com-
positor, copy editor, and proof readers. And, of course, they
both kept the author going with their love and support.
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The Elements

Atomic Atomic Atomic Atomic
Name Symbol Number Mass* Name Symbol Number Mass*
Actinium Ac 89 (227) Mercury Hg 80 200.6
Aluminum Al 13 26.98 Molybdenum Mo 42 95.94
Americium Am 95 (243) Neodymium Nd 60 144.2
Antimony Sb 51 121.8 Neon Ne 10 20.18
Argon Ar 18 39.95 Neptunium Np 93 (244)
Arsenic As 33 74.92 Nickel Ni 28 58.70
Astatine At 85 (210) Niobium Nb 41 92.91
Barium Ba 56 137.3 Nitrogen N 7 14.01
Berkelium Bk 97 (247) Nobelium No 102 (253)
Beryllium Be 4 9.012 Osmium Os 76 190.2
Bismuth Bi 83 209.0 Oxygen o 8 16.00
Bohrium Bh 107 (267) Palladium Pd 46 106.4
Boron B 5 10.81 Phosphorus P 15 30.97
Bromine Br 35 79.90 Platinum Pt 78 195.1
Cadmium cd 48 112.4 Plutonium Pu 94 (242)
Calcium Ca 20 40.08 Polonium Po 84 (209)
Californium ct 98 (249) Potassium K 19 3910

Praseodymium Pr 59 140.9

Carbon C 6 12.01 .

. Promethium Pm 61 (145)
Cerium Ce 58 140.1 ..

. Protactinium Pa 91 (231)
Cesium Cs 55 132.9 Radium Ra 38 (226)
Chlorine cl 17 35.45 Radon R se (222)
Chromium Cr 24 52.00 Rhenium Re 75 186.2
Cobalt Co 27 58.93 Rhodium Rh 45 102.9
Copernicium Cn 112 (285) Roentgenium Rg 111 (272)
Copper Cu 29 63.55 Rubidium Rb 37 85.47
Curium Cm 96 (247) Ruthenium Ru 44 101.1
Darmstadtium Ds 110 (281) Rutherfordium Rf 104 (263)
Dubnium Db 105 (262) Samarium Sm 62 150.4
Dysprosium Dy 66 162.5 Scandium Sc 21 44.96
Einsteinium Es 99 (254) Seaborgium Sg 106 (266)
Erbium Er 68 167.3 Selenium Se 34 78.96
Europium Eu 63 152.0 Silicon Si 14 28.09
Fermium Fm 100 (253) Silver Ag 47 107.9
Fluorine F 9 19.00 Sodium Na 11 22.99
Francium Fr 87 (223) Strontium Sr 38 87.62
Gadolinium Gd 64 157.3 Sulfur S 16 32.07
Gallium Ga 31 69.72 Tantalum Ta 73 180.9
Germanium Ge 32 72.61 Technetium Tc 43 (98)
Gold Au 79 197.0 Tellurium Te 52 127.6
Hafnium Hi 72 178.5 Terbium Tb 65 158.9
Hassium Hs 108 (277) Thallium Tl 81 204.4
Helium He 2 4.003 Thorium Th 920 232.0
Holmium Ho 67 164.9 Thulium Tm 69 168.9
Hydrogen H 1 1.008 Tin Sn 50 118.7
Indium n 49 114.8 Titanium Ti 22 47.88
Todine 1 53 126.9 Tungsten \ 74 183.9
Tridium Ir 77 192.2 Uranium U 92 238.0
Iron Fe 26 55.85 Vanadium \Y% 23 50.94
Krypton Kr 36 83.80 Xenon Xe >4 131.3
Lanthanum La 57 138.9 Ytterbium b 70 173.0
Lawrencium Lr 103 (257) Yttrium Y 39 88.91
Lead Pb 82 207.2 Zinc Zn 30 65.41
Lithium Li 3 6.941 Zirconium Zr 40 91.22
Lutetium Lu 71 175.0 } }i** ggé;
Magnesium Mg 12 2431 115 (288)
Manganese Mn 25 54.94 116 (292)
Meitnerium Mt 109 (268) 118 (294)
Mendelevium Md 101 (256)

*All atomic masses are given to four significant figures. Values in parentheses represent the mass number of the most stable isotope.
**The names and symbols for elements 113 through 116 and 118 have not yet been chosen. XXiX



Fundamental Physical Constants (six significant figures)

Avogadro’s number

atomic mass unit

charge of the electron (or proton)
Faraday constant

mass of the electron

mass of the neutron

mass of the proton

Planck’s constant

speed of light in a vacuum
standard acceleration of gravity
universal gas constant

= 6.02214Xx10%*/mol
1.66054%X10 %7 kg
1.60218x10 ' C
9.64853%10* C/mol
9.10939%x10 ' kg
1.67493%x10 %7 kg
1.67262X10 %7 kg
6.62607X10>* J-s
= 2.99792%10% m/s

= 9.80665 m/s’

= 8.31447 J/(mol-K)
= 8.20578%X10 2 (atm-L)/(mol-K)

S| Unit Prefixes

p n 18 m C d k M G
pico- nano- micro- milli- centi- deci- kilo- mega- giga-
10712 1077 10°° 102 102 107! 10° 10° 10°
Conversions and Relationships
Length Volume Pressure
SI unit: meter, m SI unit: cubic meter, m> SI unit: pascal, Pa
1 km = 1000 m 1dm’=10"m’ 1Pa =1N/m?
= 0.62 mile (mi) =1 liter (L) = 1 kg/m-s?
1 inch (in) = 2.54 cm = 1.057 quarts (qt) 1 atm = 1.01325X10° Pa
1 m = 1.094 yards (yd) l1cm’® =1 mL = 760 torr
1 pm =10 "?m=0.01A 1 m’> =353ft 1 bar = 1X10° Pa
Mass Energy Math relationships
SI unit: kilogram, kg SI unit: joule, J m = 3.1416
1 kg =10%g 1J =1kgm?¥s volume of sphere = 4a7’
=2.2051b = 1 coulomb-volt (1 C-V) volume of cylinder = wr*h
1 metric ton (t) = 10> kg 1 cal =4.184)J

1eV=1.602x10""°7J

Temperature

SI unit: kelvin, K

= —273.15°C
mp of H,O = 0°C (273.15 K)

0K

bp of Hzo

T (K)
T (°C)
T (°F)

100°C (373.15 K)
= T (°C) + 273.15
[T (°F) — 32]3

= 2T (°C) + 32



Useful Data and Information

Atomic and Molecular Properties

Atomic radii Figure 8.13, p. 309
Bond energies Table 9.2, p. 340
Bond lengths Table 9.2, p. 340
Ground-state electron configurations Figure 8.10, p. 305
Electronegativity values Figure 9.21, p. 349
Tonic radii Figure 8.29, p. 321
First ionization energies Figure 8.16, p. 312
Molecular shapes Figure 10.10, p. 379

Equilibrium Constants and Thermodynamic Data

K, of hydrated metal ions Appendix C, p. A-12

K, of selected acids Appendix C, pp. A-8 to A-10

Strengths of conjugate acid-base pairs Figure 18.8, p. 731

K, of amine bases Appendix C, p. A-11

K; of complex ions Table 19.4, p. 796, and Appendix C, p. A-12
Ky, of slightly soluble ionic compounds Appendix C, p. A-13

Standard electrode potentials, Ef.ccn Appendix D, p. A-14

Standard free energies of formation, AGY Appendix B, pp. A-5 to A-7

Standard heats of formation, AH? Appendix B, pp. A-5 to A-7

Standard molar entropies, S° Appendix B, pp. A-5 to A-7

Names and Formulas

Ligands Table 23.7, p. 956
Metals in complex anions Table 23.8, p. 956
Metals with more than one monatomic ion Table 2.4, p. 62
Monatomic ions Table 2.3, p. 60
Organic functional groups Table 15.5, p. 592
Polyatomic ions Table 2.5, p. 62

Properties of the Elements

Group 1A(1): Alkali metals p- 529

Group 2A(2): Alkaline earth metals p- 532

Group 3A(13): Boron family p- 534

Group 4A(14): Carbon family p- 538

Group 5A(15): Nitrogen family p- 544

Group 6A(16): Oxygen family p- 551

Group 7A(17): Halogens p- 556

Group 8A(18): Noble gases p- 562

Period 4 transition metals, atomic properties Figure 23.3, p. 948

Period 4 transition metals, oxidation states Table 23.2, p. 950
Miscellaneous

Rules for assigning an oxidation number Table 4.3, p. 155

SI-English equivalent quantities Table 1.4, p. 18

Solubility rules for ionic compounds in water Table 4.1, p. 143
Vapor pressure of water Table 5.2, p. 200





