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' Preface

The third edition of General Chemistry: The Essential
Concepts continues the tradition of presenting only the ma-
terial that is essential for a one-year general chemistry
course. As before, I have included all the core topics that
are necessary for a solid foundation in general chemistry
without sacrificing depth, clarity, or rigor.

General Chemistry covers these core topics in the same
depth and at the same level as 1100-page texts. Therefore,
this book is not a condensed version of a big text. I have
written it so that an instructor can cover 95 percent of the
content, instead of the two-thirds or three-quarters that in
my experience is typical for the big books. My hope is that
this concise-but-thorough approach will appeal to
efficiency-minded instructors and will please value-
conscious students. Encouraging responses from users
convince me that I am on the right track.

New and Improved Changes for the
Third Edition

The main goal of this edition is to further improve areas
that will facilitate the instructor and aid students in impor-
tant areas such as organization, art program, pedagogy,
readability, and media. Summarized here are the highlights
of this edition.

Organization

« New title reflecting the content of this text is for a one-
year introductory chemistry course.

« The chapter on organic chemistry (Chapter 11) has been
extensively revised. Its placement enables the instructor to
use organic molecules to illustrate the concepts of chemi-
cal bonding and mechanisms of reactions. For schools

whose curricula involve general chemistry in the first se-
mester and organic chemistry in the second semester, this
chapter should prepare the student well for the transition.

« The chapter on coordination chemistry has been moved
to near the end of the book.

« There is no general agreement on the merit of teaching
molecular orbital theory in an introductory chemistry
course. A recent survey by McGraw-Hill of over 200
instructors shows about a 50-50 split on this matter. For
this reason, I have added a section on molecular orbital
theory in Chapter 10 and have shown its application to
aromatic compounds in Chapter 11. For instructors who
prefer not to cover this topic, it can be omitted without
disruption or loss of continuity.

Art Program

» New molecular art images were created using Spartan
molecular modeling program. These drawings enable
students to gain a better understanding of the three-
dimensionality of molecules, electron distribution, and
details of chemical reactions. Many other figures are
new or have been revised. For example, see Figures 5.5,
9.3,10.5, 11.12; 14.21; and 22511

Pedagogy

+ Many “Worked Examples” have been revised to more
clearly show steps in problem solving.

* A New periodic table icon illustrates the properties of
elements according to their positions in the periodic table.

* A number of New end-of-chapter problems and Special
Problems have been added.

xxiii



xxiv Preface

* A New Animation Icon ( m) points to material that is
further illustrated by an animation. The list of animations
has been increased in this edition.

Readability

* Material is presented in a clear-cut and concise
manner.

* Main points are fully developed.

Media

* New Essential Study Partner (ESP) interactive student
tutorial.

* Improved Online Learning Center website for
instructors and students.

Instructor Resources

Test Bank

Written by Gary Wolf (Spokane Falls Community College)
and edited by Marcia Gillette (Indiana University—
Kokomo). This manual contains over 2000 multiple-choice
and short-answer questions. The questions, which are
graded in difficulty, are comparable to the problems in the
text and include multistep problems that require conceptual
analysis.

Computerized Test Bank

Written by Gary Wolf (Spokane Falls Community College)
and edited by Marcia Gillette (Indiana University—Kokomo).
This test bank contains all of the questions in the print Test
Bank along with algorithms and over 200 algorithm-based
questions that instructors can edit to create their own test
templates. The Test Bank is formatted for easy integration
into the following course management systems: PageOut,
WebCT, and Blackboard.

Essential Study Partner

By David Harwell (University of Hawaii at Manoa), Laura
Muller (Wheaton College), Norbert Pienta (University of
Iowa), Kathleen Robbins (University of Las Vegas—Nevada),

and Brandon Cruickshank (Northern Arizona University).
This free online study partner engages, investigates, and re-
inforces what the student is learning from the textbook. You
will find the Essential Study Partner for General Chem-
istry to be a complete, interactive student study tool packed
with animations and learning activities. From quizzes to in-
teractive diagrams, you will find that this is a highly effec-
tive study partner to ensure the mastery of core concepts.

Online Learning Center

This comprehensive, book-specific website (www.mhhe.
com/physsci/chemistry/chang) offers excellent tools for
both the instructor and the student. Instructors can create
an interactive course with the integration of this site, and a
secured Instructor Center stores your essential course ma-
terials to save you prep time before class. This center offers
PowerPoint images, a PowerPoint lecture outline, narra-
tives for Chang animations, and more.

Instructor’s Resource Manual with Solutions

By Brandon J. Cruickshank (Northern Arizona University)
and Raymond Chang. This complete manual for teaching a
general chemistry course is based on General Chemistry.
This unique guide includes demonstrations that can be done
in any classroom or assigned for homework, accompanied
by discussion questions and tips to ensure success; informa-
tion on relevant applications; chapter overviews and out-
lines; and annotated cross-references to other elements of
the text package. In addition, this manual provides com-
plete solutions to all end-of-chapter problems in the text.

Overhead Transparencies

Approximately 200 full-color text illustrations are repro-
duced on acetate for overhead projection.

Visual Resource Library

More than 300 images from the text can be used for stand-
alone classroom presentation or can be included in a
PowerPoint presentation.

Chemistry Animations Visual Resource Library

Organized by Eric Johnson (Ball State University). This
instructor’s CD-ROM enables you to use animations in
your classroom in the way that works best for you. This



multi-CD set includes over 300 animations that can be
played directly from the CD or can be imported easily into
your own lecture presentation. The animation library is
fully searchable, and many animations are included at full-
screen size.

Course-Specific PageOut

Designed specifically to help you with your individual
course needs, PageOut will assist you in integrating your
syllabus with General Chemistry, and state-of-the-art
new media tools. At the heart of PageOut you will find
integrated multimedia and a full-scale Online Learning
Center. You can upload your original test questions and
create your own custom designs. More than 60,000 pro-
fessors have chosen PageOut to create customized
course websites.

Primis LabBase

By Joseph Lagowski (University of Texas at Austin). More
than 40 general chemistry experiments are available in this
database collection of general lab experiments from the
Journal of Chemical Education and experiments used by
Professor Lagowski at the University of Texas at Austin,
enabling instructors to customize their lab manuals.

Cooperative Chemistry Laboratory Manual

By Melanie Cooper (Clemson University). This innovative
guide features open-ended problems designed to simulate
experience in a research lab. Working in groups, students
investigate one problem over a period of several weeks, so
that they might complete three or four projects during the
semester, rather than one preprogrammed experiment per
class. The emphasis is on experimental design, analysis,
problem solving, and communication.

Student Resources

Problem-Solving Workbook with Solutions

By Brandon J. Cruickshank (Northern Arizona Univer-
sity) and Raymond Chang. This is a success guide written
for use with General Chemistry. It aims to help students
hone their analytical and problem-solving skills by pre-
senting detailed approaches to solving chemical prob-
lems. Solutions for all of the text’s even-numbered prob-
lems are included.

Preface

OLC (Online Learning Center)

A comprehensive, exclusive website that provides a wealth
of electronic resources for instructors and students alike.
For students, the OLC features interactive quizzes for each
chapter of the text; e-learning sessions; key-word flash-
cards; NetTutor; interactive glossary with audio;
ChemQuest, with Internet search exercises; visual chem-
istry, with Internet exercises that require students to find
and manipulate molecules that are discussed in the text;
links to chemical databases; and listings of professional
opportunities in General Chemistry. You can also access
the Essential Student Partner from the OLC. Log on with
your passcode card at www.mhhe.com/physsci/chemistryy/.
The passcode card is available free with the purchase of a
new textbook or you can purchase a card separately.

Essential Study Partner

By David Harwell (University of Hawaii at Manoa), Laura
Muller (Wheaton College), Norbert Pienta (University of
Iowa), Kathleen Robbins (University of Las Vegas—
Nevada), and Brandon Cruickshank (Northern Arizona
University). This online study partner engages, investi-
gates, and reinforces what you are learning from your text-
book. You will find the Essential Study Partner for
General Chemistry to be a complete, interactive student
study tool packed with animations and learning activities.
From quizzes to interactive diagrams, you will find that
this is a highly effective study partner to ensure the mastery
of core concepts.

ChemSkill Builder

New! Our online version of ChemSkill Builder generates
questions for students for every topic in the general chem-
istry course. The questions are presented in a randomized
fashion with a constant mix of variables so that no two
students will receive the same questions. The application
provides feedback for students when incorrect answers are
entered, and the answers can be submitted online to an in-
structor for grading.

CyberChem Multimedia CD-ROM

By Maha Ashour-Abdalla (University of California, Los
Angeles) and Raymond Chang. This innovative CD-ROM
provides a highly interactive study and tutorial package for
the one-year general chemistry course. It contains 60 ani-
mations of concepts, 25 interactive lab simulations, and 25
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movies focusing on real-world applications, along with
interactive step-by-step problem-solving and quizzing
modules. In addition, no matter where students are in the
program, they will have access to a unique hyperlinked Pe-
riodic Table, with photos, information about the elements,
a search function, and cross-references to these elements
where they are discussed elsewhere in the program.

Schaum’s Outline of College Chemistry

By Jerome Rosenberg (Michigan State University) and
Lawrence Epstein (University of Pittsburgh). This helpful
study aid provides students with hundreds of solved and
supplementary problems for the general chemistry course.

Acknowledgments

I would like to thank the following individuals, whose
comments were of great help to me in preparing this
revision:

William E. Acree University of North Texas

Adedoyin Adeyiga Bennett College

Gul Afshan Milwaukee School of Engineering

Javier D. Agudelo Broward Community College—North
Edward Alexander San Diego Mesa College

Carol P. Anderson University of Connecticut—Groton
Christopher Anukwuem Prairie View A&M University
Marsi Archer Missouri Southern College

Vera Averyhart-Fullard Olive Harvey College

Satinder Bains Arkansas State University—Beebe

N. S. Bakaitis Salem Teikyo University

David Baker Delta College

Felicia Corsaro Barbieri Gwynedd-Mercy College
Robert Craig Community College of Allegheny County
Mufeed M. Basti North Carolina A&T State University
Robert Beer Fordham University—Bronx

Steven Bennett Shawnee State University

Mark A. Benvenuto University of Detroit Mercy

Vicki Bragin Pasadena City College

Francis W. Breivogel Chipola Junior College

June Bronfenbrenner Anne Arundel Community
College-Arnold

Pamela Brown New York City Technical College

Joseph Bularzik University of Notre Dame
Cindy A. Burkhardt Radford University

Robert M. Burns Florida Institute of
Technology—Melbourne

Stuart Burris Belmont University

Sylvester Burton Southern University-Baton Rouge
Patricia J. Bush Delgado Community College

Sheila D. Cancella Raritan Valley Community College
Suzanne Carpenter Armstrong Atlantic State University
Douglas J. Chesnut Alfred University

Joseph F. Chiang SUNY—Oneonta

Lisa E. Chirlian Bryn Mawr College

Ngee Sing Chong Middle Tennessee State University
Derald Chriss Southern University-Baton Rouge
Allen Clabo Francis Marion University

Jason Clyburne Acadia University

Douglas S. Cody Nassau County Community College
W. Lin Coker Campbell University

James E. Collins Jacksonville State University
Wheeler Conover Southeast Community College
Scott Davis Mercer University—Macon

Gary DeBoer LeTourneau University

Phillip Delassus Valparaiso University

James Digiacomo New Jersey City University

John P. Divincenzo Middle Tennessee State University
David Eaton Essex County College

Dennis E. Eddy York College

Amina K. El-Ashmawy Collin County Community
College—Plano

Johnny Evans Lee University
Thomas Everton Ventura College

Michael F. Farona University of North Carolina—
Greensboro

Theodore Fickel University of Judaism
Debbie Finocchio University of San Diego

Paul A. Flowers University of North
Carolina—Pembroke

Robert Forsythe Western Kentucky University
Judith C. Foster Bowdoin College

Michelle M. Francl Bryn Mawr College
Leslie Fung Loyola University—-Chicago



Herb Fynewever California State Polytechnic
University—Pomona

Ana Gaillat Greenfield Community College

Roy Garvey North Dakota State University—Fargo
Victor L. Garza San Antonio College

Noel A. George Ryerson Polytechnic University
Marcia L. Gillette Indiana University—Kokomo
Jack G. Goldsmith University of South Carolina—Aiken
James Goll Glenville State College

John A. Goodwin Coastal Carolina University
Andrea Gorczyca Brookhaven College

Arthur S. Gow University of New Haven

John P. Graham Arkansas Technical University
Gregory J. Grant University of Tennessee—C hattanooga
Larry D. Groth Lake Region State College

Leo Hall Eastern Oklahoma State C ollege

Victor Hall Rose State College

Lee D. Hansen Brigham Young University—Provo
Eric L. Hardegree Abilene Christian University
Ryan M. Harden Central Lakes College

C. Alton Hassell Baylor University

Noralynn Hassold Kettering University

David R. Hawkes Lambuth University

Yahdah Y. Hawkins Cisco Junior C ollege

Daniel T. Haworth Marquette University

Robyn Hayes Northern New Mexico C ommunity
College—Espanola

Kevin D. Helm Lee College

Gary L. Hickernell Keuka College

Todd J. Hizer Armstrong Atlantic State University
Paul Hooker Westminster College

Paul A. Horton Indian River C ommunity College
Narayan S. Hosmane Northern Illinois University
Roger K. House Moraine Valley Community College
Shizuka Hsieh Oberlin College

R. Amee Indralingam Stetson University

Leonard M. Itzkowitz Nassau County Community
College

Peter Iyere Tennessee State University

David W. Johnson University of Dayton

Preface XXvii

Kevin E. Johnson Pacific University

Taylor B. Jones Masters College

Shane Kelley Trevecca Nazarene University

Igor V. Khudyakov Catawba Valley Community College

Myung Hoon Kim Georgia Perimeter
College—Dunwoody

Pamela S. Kimbrough Chaffey College

Angela King Wake Forest University

Beata Knoedler Springfield College

Christa Knotts Garrett Community C ollege

Joy Kobayashi Ventura College

Brian P. Koehler Georgia Southern University
Robert Kolodny Armstrong Atlantic State University
Lynn Koplitz Loyola University

Shankar Krishnamoorthy Oklahoma C ity Community
College

Keith T. Kuwata Macalester College

Richard Langley Stephen F. Austin State University
Robert E. Leard Alcorn State University

Terrence A. Lee Middle Tennessee State University

Mihaela D. Leonida Fairleigh Dickinson University—
Teaneck

Alan Levine University of Louisiana at Lafayette
Zhaohui Li University of Wisconsin-Kenosha

Clarence W. Linsey Mid America Nazarene University
David Lippmann Southwest Texas State University

Glenn V. Lo Nicholls State University

Bryan H. Long Columbia State Community College

John T. Long Henderson State University

Scott Luaders Quincy University

Yinfa Ma Truman State University

Catherine Macgowan Armstrong Atlantic State University

Madhumati Mahalingam University of
Massachusetts—Dartmouth

Charles H. Mahler Lycoming College
Kristy Mardis Pacific Lutheran University
Vahe Marganian Bridgewater State C ollege
Paul Marino Delaware Valley College
Jaime Martell SUNY-Potsdam

Albert H. Martin Moravian College



XXviii Preface

Ruhullah Massoudi South Carolina State University
Mark B. Masthay Murray State University

Armin Mayr El Paso Community College—Rio Grande
Campus

Keith A. McCleary Adrian College

Michael W. McClure Hopkinsville Community College

Marcy McDonald University of Alabama—Tuscaloosa

Scott E. McKay Central Missouri State University

Christina Mewhinney Eastfield College

Therese Michels Dana College

David Miller California State University—-Northridge

Donald M. Mitchell Delaware Technical Community
College

Ellen M. Mitchell Bridgewater College

J. C. Moore Friends University

Linda E. Moss Black River Technical College

Michael R. Mueller Rose-Hulman Institute of Technology

Francis Mulcahy University of Pittsburgh

Ruth Ann Murphy University of Mary Hardin Baylor
Jennifer Muzyka Centre College of Kentucky
Rashmi Nanda Benedictine University

Kurt A. Neidigh Ferrum College

Terry Newirth Haverford College

Allan Nishimura Westmont College

Dale L. Orth Wisconsin Lutheran College

Jeffrey A. Orvis Georgia Southern University
Robert H. Paine Rochester Institute of Technology
James L. Pazun Pfeiffer University

Laura E. Pence University of Hartford

Thomas C. Pentecost Aims Community C ollege—Main
Campus

Martin Perry Ouachita Baptist University

Keith Peterson Wesleyan College

Holly Phaneuf Salr Lake Community College

Chester A. Pinkham Tri-State University

Guy Plourde University of Northern British Columbia
Wendy Pogozelski State University C ollege—Geneseo
Suzette Polson Kentucky State University

Paul Popieniek Sullivan County Community College
Walda J. Powell Meredith C ollege

James E. Privett University of South Carolina—Sumter
Jimmie M. Purser Millsaps College

Mohammad Nabi Rohni Pace University

Jill Rawlings Auburn University—-Montgomery
Lisa Reece Ozarks Technical Community College
Preston Reeves Texas Lutheran College

Paul Reinbold Southern Nazarene University
Wanda S. Reiter Jowa Wesleyan College

Stacia Rink Pacific Lutheran University

Jill K. Robinson University of Wyoming—Laramie
Rene Rodriguez Idaho State University

Kathryn Rowberg Purdue University—Calumet-
Hammond

Michael Russell Mt. Hood Community College

Ruth Russo Whitman College

Matthew Ryan Purdue University—Calumet-Hammond
Preet-Pal S. Saluja William Rainey Harper College
Reva Savkar Northern Virginia Community College
Susan M. Schelble University of Colorado—-Denver
Udo Schnupf Troy State University-Troy

Jeff R. Schoonover St. Mary’s University

Diane R. Schulman Erie Community College South
Campus—Orchard Park

Ronald See Indiana University of Pennsylvania—Indiana
Neeta Sharma Elizabethtown Community College

Anil K. Sharma Mississippi Valley State University
Anne T. Sherren North Central College

Paul H. Short East Mississippi Junior College—Mayhew
Alka Shukla Houston Community College—Southeast
Shyam S. Shukla Lamar University—-Beaumont

Jerry Skelton St. Johns River Community
College—Orange Park

Charles Smith Our Lady of the Lake University

Joseph Sneddon McNeese State University

Rhodora Snow Texas College

Robert J. Snyder Southern Connecticut State University
Steven M. Socol McHenry County College

Mary Sohn Florida Institute of Technology—Melbourne
David Speckhard Loras College

Marjorie E. Squires Felician College



Jimmy H. Stanton Cameron University

Max Stappler Queensborough Community College
Roland Stout University of Toledo—Toledo
Douglas Strout Alabama State University

Xiaoping Sun West Virginia University, Institute of
Technology

Paris Svoronos Queensborough Community College

Soraya Ghayourmanesh-Svoronos Nassau County
Community College

Kathryn B. Sympson Florida Keys Community College

David C. Taylor Slippery Rock University of
Pennsylvania

David L. Taylor Northern Virginia Community
College—Woodbridge

Michael Tessmer Southwestern College

Suresh Tewani LIU-Brooklyn

Albert N. Thomson Spelman College

John Todd Bowling Green State University—-Bowling
Green

Marie Underdown Montgomery College
Ana Vande Linde University of Wisconsin—Stout

Margaret H. Venable Georgia Perimeter College—
Clarkston

Rashmi Venkateswaran University of Ottawa

John B. Vincent University of Alabama—Tuscaloosa

R. Harmony Voorhies Mesa State College

Bill Walkenhorst Loyola University

Jerry Walsh University of North Carolina—Greensboro

Esther Waltz Community College Allegheny County—West
Mifflin

Randall Wanke Augustana College

Preface XXix

Susan A. Weiner West Valley College

Neil H. Weinstein Santa Fe Community College
Christine Whitlock Georgia Southern University

Will Wickun Montana State University-Billings

Larry Wiginton Clarendon College

Daniel J. Williams Kennesaw State University

Doyle Wilson Mohave Community College

Robb Wilson Louisiana State University—Shreveport
Joseph W. Wilson University of Kentucky—Lexington
Troy D. Wood SUNY-Buffalo

Charles M. Wynn Eastern Connecticut State University
Qianhui Zhang Miami Dade Community College—North
W. C. Zipperer Armstrong Atlantic State University
Lois Anne Zook Delta State University

I would like to thank Brandon Cruickshank for his effec-
tive animations, which will greatly help students visualize
abstract concepts. As always, I have benefited much from
discussions with my colleagues at Williams College and
correspondence with many instructors here and abroad.

It is a pleasure to acknowledge the support given to me
by the following members of McGraw-Hill’s College Divi-
sion staff: Jennifer Bensink, Kevin Kane, Jenni Lang,
Michael Lange, Craig Marty, Sandra Hahn, James Smith,
and Thomas Timp. In particular, I would like to mention
Gloria Schiesl for supervising the production, Stuart Pater-
son for the book design, and John Leland for photo re-
search. Kent Peterson, the publisher, supervised the overall
project. Finally, my special thanks go to Shirley Ober-
broeckling, the development editor, for her enthusiasm,
thoroughness, and professionalism. It was a pleasure to
work with her on this edition.

Raymond Chang



Guided Tour: Text

Art Program

Art throughout the text is enhanced with _—— |
molecular art images using the Spartan

molecular modeling program. These images

enable students to gain a better understanding

of the three-dimensionality of molecules and

the details of chemical reactions.
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Figure 10.5 Top 10 bortom: As
two H atoms approach each
other, their 15 orbitals begin to
interact and each electron be-
8ins 1o feel the attraction of the
other proton. Gradually, the
electron density builds up in the
region between the two nuclei
(red color). Eventually, a stable
Hy molecule is formed when the
internuclear distance is 74 pm.

The orbital diagram of the F stom is
shown on p. 217,

279

9.7 Exceptions to the Octet Rule

A resonance structure with a double bond between B and F can be drawn that satis-
fies the octet rule for B. However, the propertis of BF are more consistent with 4
Lewis structure in which there are single bonds between B and cach F, a3 shown howe

Although boron trifluoride is stabl, it has a tendency to pick up an unshared electn:
pair {rom an atom in another compound, as shown by its reaction with ammona:

Frog :i‘i: 17
F—B + :N—H — : il
FroH Fr M

This structure satisfies the octet rule for the B, N, and F atoms.

The B—N bond in the compound just shown is different from the covalent
bonds discussed so far in the sense that both electrons are contributed by the N
atom. A covalent bond in which one of the atoms donates both electrons is called
a coordinate covalent bond. Although the properties of a coordinate covalent bond
do not differ from those of a normal covalent bond (because all electrons are alike
no matter what their source), the distinction is useful for keeping track of valence
electrons and assigning formal charges.

0dd-Electron Molecules

Some molecules contain an odd number of clectrons. Among them are nitric oxide
(NO) and nitrogen dioxide (NO,):

N=0

0=N*—0
Because we need an even number of electrons for complete pairing (o reach eight),

the octet rule clearly cannot be satisfied for all the atoms in any molecule that has an
odd number of electrons.

The Expanded Octet

.+ elements in the third
that can be used in bonding. One compound in which there
Ifur hexafluoride, a very stable compound. The electron config-
- In SF, each of sulfur’s six valence electrons forms a cova-
lent bond with a fluorine atom, so there are 12 electrons around the central sulfur atom:

Yellow: second-period elements
cannot have an expanded octet
Blue: third-period elements and
beyond can have an expanded
octet. Green: the noble gases
usually only have an expanded
octer

In Chapter 10 we will see that these 12 electrons, or six bonding pairs, are accom-
modated in six orbitals that originate from the one 3s, the three 3p, and two of the
five 3d orbitals. However, sulfur also forms many compounds i which it does not
violate the octet rule. In sulfur dichloride, $ is surrounded by only eight electrons and
therefore obeys the octet rule: Sulfur dichloride is s toxie. foul

smafling chery-red liquid (boiing
point: 56,

=5l
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Chapter 10 Molecular Geometry and Hybridization of Atomic Orbitals

Thus valence bond theory gives a clearer picture of chemical bond formation than
the Lewis theory docs. Valence bond theory states that a stable molecule form. from
reacting atoms when the potential energy of the system has decreased fo minimum;
the Lewis theory ignores energy changes in chemical bond formation.

The concept of overlapping atomic orbitals applies equally well o diatomic molecules
other than Hy. Thus a stable Fy molecule forms when the 2 orbitals (containing the
unpaired electrons) in the two F atoms overlap 1o form a covalent bond. Similarly, the
formation of the HF molecule can be explained by the overlap of the 15 orbital H with
the 2p orbital in F. In cach case, VB theory accounts for the changes in potential energy
s the distance between the reacting atoms changes. Because the orbitals myolved are
7ot the same kind in all cases, we can see why the bond energies and bond lengths in
Ha. Fa. and HF might be different. As we stated earlier, Lewis theory treats all covalent
bonds the same way and offers no explanation for the differences among covalent bonds.

of Atomic Orbi

10.4 Hybridi

The concept of atomic orbital overlap should apply also to polyatomic molecules,
However, a satisfactory bonding scheme must account for molecular geometry. We
will discuss three examples of VB treatment of bonding in polyatomic molecules,

Icons

Animation icon: This icon points to material
that is further illustrated by an animation. Stu-
dents can use the animations to review chal-
lenging concepts in motion. Animations are
referenced and can be found on the Online
Learning Center at www.mhhe.com/chang.
Periodic Table icon: This icon illustrates the
properties of elements according to their posi-
tions in the periodic table.



Worked Examples and Practice Exercises e Pl

Example 5.6 Sodium azide (NaNy) is used in some automobile air bags. The impact —‘
of a collision triggers the decomposition of NaN; as follows:

2NaNs(s) — 2Na(s) + 3Na(g)

Careful study of the solved examples in the body of
each chapter will help to develop students’
problem-solving skills. The Practice Exercise that
follows each worked example allows students to
check their ability to solve the type of problem

The nitrogen gas produced quickly inflates the bag between the driver and the wind-
shield. Calculate the volume of N, generated at 80°C and 823 mmHg by the decompo-
sition of 60.0 g of NaNs.

Reasoning and Solution The problem requires two sieps. First, we calculate the num-
ber of moles of N, generated from the decomposition of 60.0 g of NaN. Next we
calculate the volume of the N, gas at the given temperature and pressure.

1 molNaNy 3 mol N,

illustrated in the Worked Example. Answers to the R ”NT:ZT,':WMW
Practice Exercises can be found at the end of the The volume of 1,38 moles of Ny can be obisind by usi th idal g cquaton
chapter, following the Questions and Problems. The LIRSS T
number of a Similar Problem is shown in the mar- S phmeisitie 3890

Practice Exercise The equation for the metabolic breakdown of glucose (CoH,;0,)

. s is the same as the equation for the combustion of glucose in air:
gin next to the Worked Example to encourage addi- SIS L SN

tiOl’lal praCtiCC. Many WOrked Examples have bee]’] L(\m.m the volume of CO; produced at 37°C and 1.00 atm when 5.60 g of glucose

are used up in the reaction.
revised to more clearly show steps in problem
solving 5.5 Dalton’s Law of Partial Pressures

Thus far we have concentrated on the behavior of pure gaseous substances, but
experimental studies very often involve mixtures of gases. For example, for a study
of air pollution, we may be interested in the re-volume-temperature rela-
tionship of a sample of air, which contains several gases. In this case, and all cases

involving mixtures of gases, the total gas pressure is related to partial pressures,
that is, the pressures of individual gas components in the mixture. In 1801 Dalton
fi a law, now known as Dalton’s law of partial pressures, which states
that the total pressure of a mixture of gases s just the sum of the pressures that
each gas would exert if it were present alone. Figure 5.12 illustrates Dalton’s law,

Consider a case in which two gases, A and B, are in a container of volume V. The
pressure exerted by gas A, according to the ideal gas equation, is

sults from the impact of gas molecules
‘against the walls of the container.

AR
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where 1, is the number of moles of A present. Similarly, the pressure exerted by gas

B is
Fcbl- 10.5 | Properties of Homonuclear Diatomic Molecules of the Second-Period Elements® nRT
“—**L‘M————“—————._______. 1 _
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Bond order 1 3 2 1

Bond length (pm) 27 1o 121 142

Bond energy 1046 9414 4987 1569

(KI/mo)

Magnetic properties ic Par

b Dok - Molecular Orbital Theory

#For simplicty the o7, and o, orbitals are omited. These two orbitals hold a toral of four electrons. Remember that for O; and Fi. o,
is lower in energy than my, and 1,

The addition of molecular orbital theory to
i 5 Vg e o g o o B e 1 this edition provides the students with basic
skills for future courses in organic chemistry.

Table 10.5, we write the ground-state electron configuration of O, as

()% ,)% )02, )22, ) 1) (73,)! : 5 ) B i
According 10 Hund's rule, the last two electrons ener the 3, and s, orbitls with This material is further expanded in the aro-
parallel spins. Ignoring the o, and o, orbitals (because their net effecis on bonding ) . . .
are zero), we calculate the bond order of O, using Equation (10.2): matic Compounds in the organic Chemlstry
bond order = 4(6 - 2) = 2 o
Therefore, the O, molecule has a bond order of 2 and is paramagnetic, a prediction Chapter (Chapter 11). For instructors who
that 0 exper servations.

prefer not to cover this topic, it can be omit-
ted without disruption or loss of continuity.

Example 10.6 The N3 ion can be prepared by bombarding the Na molecule with
fast-moving clectrons. Predict these properties of N3 : (a) electron configuration,
(b) bond order, (c) magnetic character, and (d) bond length relative to the bond length
of Ny (is it longer or shorter?).

Reasoning and Solution From Table 10.5 we can deduce the properties of ions gener-
ated from the homonuclear diatomic molecules,

(@ Because N3 has one fewer electron than N, its electron configuration is

@@ 02 e,

20, (2 ) (03,)!




Guided Tour: Media

Instructor Media

* Online Learning Center (OLC) is a secure,
book-specific website. The OLC is the doorway
to a library of resources for instructors.

* PowerPoint Presentation—is organized by chapters
and is ready for the classroom, or instructors can
customize the lecture to reflect their teaching style.

+ Course Management Systems—PageOut, WebCT,
and Blackboard. All of the following tools are available
on the Online Learning Center or in a cartridge for
your course delivery system:
1. Computerized Test Bank
2. Solutions Manual
3. Images from the text
4. Tables from the text
5. Narratives for the animations
6. Essential Study Partner link to home page
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* Chemistry Animation Visual Resource Library—CD-
ROM set includes over 300 animations that can be
used directly from the CD or imported into your own
lecture presentation.

* Digital Content Manager—CD-ROM set includes
electronic files of all full-color images in the text.
Import the images into your own presentation, or use
the PowerPoint presentation provided for each
chapter.

¢ GradeSummit—is an Internet-based self-assessment
service that provides students and faculty with
diagnostic information about subject strengths and
weaknesses. This detailed feedback and direction
enables learners and teachers to focus study time on
areas where they will be most effective.

Course
Management
Create a custom course website with PageOut, SYStemS
free to instructors using a McGraw-Hill textbook.
To learn more, contact your McGraw-Hill publisher's
representative or visit www.mhhe.com/solutions.
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Visual Resource
Library
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Student Media

Online Learning Center—is the doorway to access
almost all of the media for General Chemistry,
Third Edition. The OLC includes self-assessment
quizzes, resources, key-term flashcards with audio
pronunciation, and more.

Essential Study Partner—is the essential tool for review,

interaction, and self-assessment. Students can work
through a basic review of core concepts in the ten units.
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NetTutor—is a tool for students when they need
extra help with an end-of-chapter problem. Live
sessions are scheduled or you can e-mail a tutor at
any time.

* Online ChemSkill Builder—provides questions for all
general chemistry topics. Students can practice
problem types until they master the skill and concept.
Feedback is provided for each question.
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'A Note to the Student

General chemistry is commonly perceived to be more dif-
ficult than most other subjects. There is some justification
for this perception. For one thing, chemistry has a very spe-
cialized vocabulary. At first, studying chemistry is like
learning a new language. Furthermore, some of the con-
cepts are abstract. Nevertheless, with diligence you can
complete this course successfully, and you might even en-
joy it. Here are some suggestions to help you form good
study habits and master the material in this text.

* Attend classes regularly and take careful notes.

* If possible, always review the topics discussed in class
the same day they are covered in class. Use this book to
supplement your notes.

¢ Think critically. Ask yourself if you really understand
the meaning of a term or the use of an equation. A good
way to test your understanding is to explain a concept to a
classmate or some other person.

* Do not hesitate to ask your instructor or your teaching
assistant for help.

The third edition tools for General Chemistry are de-
signed to enable you to do well in your general chemistry
course. The following guide explains how to take full ad-
vantage of the text, technology, and other tools.

* Before delving into the chapter, read the chapter out-
line and the chapter introduction to get a sense of the
important topics. Use the outline to organize your note-
taking in class.

* Use the Animation Icon (m) as a guide to review
challenging concepts in motion. Most of the animations
are interactive.

* At the end of each chapter you will find a summary of
facts and concepts and a list of key words, both of which

will help you review for exams. Definitions of the key
words can be studied in context on the pages cited in the
end-of-chapter list or in the glossary at the back of the book.

* Use the Key-Word flashcards on the website (Online
Learning Center, or OLC) for more practice. The
flashcards include audio, so you can test your pronuncia-
tion, too. The OLC houses an extraordinary amount of re-
sources. Go to www.mhhe.com/physsci/chemistry/chang
and click on the appropriate cover to explore chapter
quizzes, the e-learning sessions, opportunities, the Essen-
tial Study Partner, and more.

* Careful study of the numbered examples in the body of
each chapter will improve your ability to analyze problems
and correctly carry out the calculations needed to solve
them. Also take the time to work through the practice exer-
cise that follows each example to be sure you understand
how to solve the type of problem illustrated in the
example. The answers to the practice exercises appear at
the end of the chapter, following the homework problems.
For additional practice, you can turn to similar homework
problems referred to in the margin next to the example.

* The questions and problems at the end of the chapter
are organized by section. Generally the review questions
do not require calculation. Their purpose is to help you
check your understanding of new concepts introduced in
the chapter. The problems enable you to test your analyt-
ical and computational skills. Even-numbered problems
are similar in nature to the odd-numbered problems that
precede them, except in the section titled “Additional
Problems.” The additional problems require that you de-
cide how to approach the solution, and a number of them
involve concepts from more than one section of the
chapter. Although your instructor will most likely not as-
sign all the problems for homework, it is to your advan-
tage to work as many as necessary to assure yourself that



