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Many instructors have told us that the first edition of our text was the most
readable introductory chemistry textbook their students had ever used. They
also told us that their students need more help learning to solve problems—
more worked examples, more tools for mastering problem-solving methods,
and, simply, more problems. In this edition, we have incorporated new and
stronger tools to help students learn the skills they need, while working to
make the text even clearer and more memorable than in the first edition.

Our goal with this text has always been to help students make sense of
chemistry. As chemists, we know that chemistry is intrinsically interesting, that
its principles make sense, and that its problem-solving skills can be mastered
by anyone. But, too often, students see the subject as incomprehensible and the
course as a frightening labyrinth. All too frequently, they fall back on rote learn-
ing—memorizing algorithms, plugging numbers into formulas, and forgetting
the course as quickly as they can. As chemistry instructors, we hate to see that.
Therefore, we designed this book to promote comprehension and problem
solving as complementary skills. A student who understands the principles of
chemistry doesn’t have to memorize as much and is more likely to enjoy and
retain the material. Equally, practice at solving problems will help students to
master the principles. We hope that our book will help students to come out of
the course with a body of knowledge and skills that will serve them and that
they will want to retain.

PROMOTING ACTIVE LEARNING

How can we, as textbook authors, promote active learning? First, quite simply,
we provide a book that makes sense to students. A student who understands
the material is less likely to fall back on passive memorization. As one instruc-
tor told us, “This book allows me to spend class time doing hands-on learning
versus spending time explaining the book.”

Second, we incorporate devices to encourage active reading. A flip through
the book will show many sets of Practice Problems. These Practice Problems
are located so that students can immediately apply the skill the text has pre-
sented. They come in sets of three or four; the first problem is solved in place in
the text, and the answers to the others are given at the back of the book. Each
chapter contains an average of 25 Practice Problems.

However, we are not naive. We know that many students routinely skip in-
chapter practice problems. Therefore, we also include conceptual practice
problems called WorkPatches. A Workpatch is a “stealth” problem. It follows
smoothly from the preceding text and is not boxed off. What is more, a student
who tries to read through a WorkPatch without solving it will find that the sub-
sequent text refers to, and often depends on, the answer—but does not say
what it is. (The solutions to all WorkPatches are given at the end of the chapter.)
In some cases, a WorkPatch serves as the springboard into the next topic. Work-
Patches are denoted by a red stop-sign icon in the margin.
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PREFACE

HELPING STUDENTS MASTER PROBLEM-SOLVING SKILLS

An instructor flipping through our text might be inclined to ask, “Where are all
the worked examples?” In fact, this edition has an abundance of worked exam-
ples and other problem-solving aids, but we have handled them in a way that
preserves the text’s coherence. As in the first edition, many worked examples
are presented in the text itself. We feel strongly that problem-solving techniques
should be explained with the same care and continuity we use for concepts.

When students are working problems, however, they also need access to
compact summaries and examples. We have augmented these resources in the
following ways:

m Important problem-solving methods are summarized in charts in the text.

m The same charts, accompanied by worked examples and additional mate-
rial, appear in a special Skills to Know section at the end of the chapter
immediately preceding the end-of-chapter problems. This section is
intended as a “help center” to which students can refer while working prob-
lems. (A few of the more purely conceptual chapters do not have a Skills to
Know section.)

m An abundance of additional step-by-step methods, worked examples, and
practice problems are provided in the Problem Solving Guide and Workbook that
accompanies the text, authored by our colleague Saundra Yancy McGuire. For
a weak or struggling student, nothing is more important than abundant,
guided, confidence-building practice. This workbook enables us to offer a
truly realistic amount of help while maintaining a clean, readable textbook.
The Workbook also contains a generous mathematics review. We came to know
Dr. McGuire when she directed the Center for Learning and Teaching at Cor-
nell; she now directs the Center for Academic Success at Louisiana State Uni-
versity. We are extremely glad that she chose to join her expertise with ours.

m As noted earlier, each chapter contains internal Practice Problems and Work-
Patches in addition to end-of-chapter problems.

RooM TO PRACTICE: REVISED AND EXPANDED PROBLEM SETS

With the generous aid of several colleagues, we have revised and substantially
expanded the end-of-chapter problem sets.

m Each problem set now includes a section of Additional Problems that are not
categorized by chapter section.

m We more than doubled the number of end-of-chapter problems.

m We have worked to ensure that each problem set contains a sufficient abun-
dance of each of the types of problems an instructor might require.

m As in the first edition, answers to selected problems are provided at the end
of the book. (The full solutions for these selected problems, as well as for all
the Practice Problems, are available in the Study Guide and Selected Solutions
manual.)

MAKING CHEMISTRY MEMORABLE

Instructors have told us that a surprising number of their students actually
read our book, rather than using it mainly as a resource while solving prob-



lems. In this second edition, we have worked to improve the features that
made the first edition so readable. We explain chemistry using everyday, con-
versational language, and we tie the concepts and calculations to stories and
examples that help bring them to life. We use humor in places. We also ensure
that the students know which points are fundamental and which represent
additional detail. You will notice that most of the illustrations lack legends.
That is because the text and the illustrations work hand-in-hand, and each
illustration is placed exactly where it belongs.

WEe WANT TO HEAR FROM YOU

One of the pleasures of revising a book is hearing from instructors who use it—
learning what works and doesn’t work; gathering ideas. If you have any com-
ments or suggestions, please feel free to contact us at the following email
addresses: sr19@cornell.edu (Steve Russo); silver@hope.edu (Mike Silver).

CONTENT CHANGES IN THIS EDITION

m Chapter 2, “The Numerical Side of Chemistry,” now includes coverage of
specific heat and simple calorimetry.

m In Chapter 4, “The Modern Model of the Atom,” we expanded the treat-
ment of orbitals.

m In Chapter 5, “Chemical Bonding and Nomenclature,” we now give full
basic coverage of inorganic nomenclature.

m Chapter 7, “Chemical Reactions,” covers equation balancing more thor-
oughly than in the first edition. It also now covers reaction types. There is
a section on solubility and precipitation reactions (including net ionic
equations and the solubility rules), and a simple introduction to acid /base
reactions.

m The new Chapter 8, “Stoichiometry and the Mole,” represents an expanded
treatment of material formerly placed in Chapter 7. Stoichiometric calcula-
tions and mole/mass conversions are covered at greater length (and more
visually) than in the first edition.

m Limiting-reactant problems are now handled in their own expanded section,
followed by a section on percent composition and molecular formulas. We
placed these sections at the end of the chapter so that instructors who do not
teach these topics can easily skip them.

m Chapter 11, “What If There Were No Intermolecular Forces? The Ideal
Gas,” represents an expanded treatment of a topic formerly covered in the
chapter on intermolecular forces. The ideal gas concept and ideal gas law are
presented at more length. In addition, the chapter now shows how the ideal
gas law can be used to determine the density and molar mass of a gas.

m In Chapter 12, “Solutions,” we expanded the treatment of molarity as the
connection between molar amount and volume. The discussion of dilution
now also includes the M,V; = M,V, relationship. We also added sections on
solution stoichiometry (including simple titrations) and colligative proper-
ties (including vapor pressure). We placed these sections at the end of the
chapter, as some instructors may prefer to skip them.

PREFACE
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Writing a textbook is a humbling experience. The first edition taught us that
no author can produce a good book without the extensive help and support of a
large number of dedicated and talented people (senior editors, copy editors,
developmental editors, publishing assistants, artists, reviewers, colleagues, . . .).
Writing the second edition only increased our humility and our respect for this
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author could even discern; to Irene Nunes, our fabulously picky, extremely
dedicated, and knowledgeable editor who kept us on the right path and in line;
to Joan Keyes and Jonathan Peck at Dovetail Publishing Services, for once
again taking on the challenge of laying out an unconventional book; to Lisa
Leung, publishing assistant and doer of a thousand tasks, for working directly
with Maureen and Saundra and keeping them on task; to Tony Asaro, produc-
tion coordinator (and music composer) for helping Lisa help everybody else—
it goes without saying that this book could not exist without your dedication
and efforts. And of course, to Joan Marsh, production editor par excellence, the
nicest pest you could ever hope to work with, and Ben Roberts, our senior edi-
tor, for keeping the faith with this experiment (a readable chemistry text) and
its crazed set of authors, mere words could never express our gratitude (the
chocolate is in the mail). Margot Otway, Maureen Kennedy, Joan Marsh, and
Ben Roberts—the four chambers of the heart of this book. We will always be in
your debt.



SUPPLEMENTS FOR THE STUDENT

Problem Solving Guide and Workbook (0-321-06866-1)
By Saundra Yancy McGuire of Louisiana State University

‘ Introductory

. CHEMISTRY

i Provides over 200 worked examples and more than 550 practice problems and quiz
|

questions to help students develop and practice their problem-solving skills.

Study Guide and Selected Solutions (0-321-05327-3)

Introductory

C HEMISTRY By Saundra Yancy McGuire of Louisiana State University
B R Features examples from each chapter, learning objectives, review of key
|Selected Solutions concepts from the text, and additional problems for student practice. Also

provides comprehensive answers and explanations to selected
end-of-chapter problems from the text.

Introductory
CHEMISTRY
\3 : Introductory Chemistry Laboratory Manual (0-321-04639-0)

By Wendy Gloffke of Cedar Crest College and Doris
Kimbrough of the University of Colorado at Denver

Helps students develop data acquisition, organization, and
analysis skills while teaching basic techniques. Written to
accompany the Russo/Silver text, this manual offers 25

experiments.
Wendy Gloffke
Doris Kimbrough

Special Edition of The Chemistry Place
www.chemplace.com/college

This special edition of The Chemistry Place engages students in interactive
exploration of chemistry concepts and provides a wealth of tutorial sup-
port. Tailored to Russo/Silver Second Edition, the site includes detailed
objectives for each chapter of the text, interactive tutorials featuring simu-
lations, animations, and 3-D visualization tools, multiple-choice and short-
answer quizzes, an extensive set of Web links, and a mathematics review.
For instructors, a Syllabus Manager makes it easy to create an online syl-
labus complete with weekly assignments, projects, and test dates that stu-
dents may access on the ChemPlace site.

The Chemistry of Life for Introductory Chemistry CD-ROM (0-8053-3109-3)

By Robert M. Thornton of the University of
California, Davis

This lively tutorial teaches chemistry concepts
through animations and interactive activities.
The CD-ROM helps students master crucial
concepts such as Atoms and Molecules,
Reactions and Equilibrium, Water, Acids and
Bases, Organic Molecules, Carbohydrates,
Lipids, Proteins, Nucleic Acids, and Enzymes
and Pathways. Includes diagnostic quizzes,
an illustrated glossary, and topics correlated
to the Russo/Silver text.




The Chemistry Tutor Center
www.aw.com/tutorcenter

Provides one-to-one tutoring four ways—phone, fax, email, and the
Internet—during evening hours and on weekends. Qualified college
instructors tutor students by answering questions and providing instruc-
tion regarding examples, exercises, and other content found in the text.

SUPPLEMENTS FOR THE INSTRUCTOR

Instructor’s Teaching Guide (0-321-05332-X)
By Saundra Yancy McGuire of Louisiana State University

Includes chapter summaries, complete descriptions of appropriate chemical demonstra-
tions for lecture, suggestions for addressing common student misconceptions, and exam-
ples of everyday applications of selected topics for lecture use.

Printed Test Bank (0-321-05326-5)

By Paris Svoronos and Soraya Svoronos of Queensborough Community College of the City
University of New York

This printed test bank includes over 1700 questions that correspond to the major topics in
the text.

Computerized Test Bank (0-321-05328-1)

By Paris Svoronos and Soraya Svoronos of Queensborough Community College of the City
University of New York

This dual-platform CD-ROM includes over 1700 questions that correspond to the major
topics in the text.

Complete Solutions Manual (0-321-05331-1)

By Saundra Yancy McGuire of Louisiana State University

Instructor’s Manual for the Lab Manual, Second Edition (0-321-05330-3)

By Wendy Gloffke of Cedar Crest College and Doris Kimbrough of the University of
Colorado at Denver

Benjamin Cummings Digital Library for [ntroductory Chemistry CD-ROM (0-321-04637-4)

This cross-platform CD-ROM features all of the visuals from the Russo/Silver text. The
CD-ROM provides instructors with a complete set of illustrations for incorporation into
lecture presentations, study materials, and tests.

Transparency Acetates (0-321-05329-X)

Includes 125 full-color acetate transparencies.

CourseCompass™

CourseCompass™ combines the strength of Benjamin Cummings content with state-of-
the-art eLearning tools! CourseCompass™ is a nationally hosted, dynamic, interactive
online course management system powered by BlackBoard, leaders in the development
of Internet-based learning tools. This easy-to-use and customizable program enables
professors to tailor content and functionality to meet individual course needs! Every
CourseCompass™ course includes a range of preloaded content such as testing and
assessment question pools, chapter-level objectives, chapter summaries, photos, illustra-
tions, videos, animations, and Web activities—all designed to help students master core
course obijectives. Visit www.coursecompass.com for more information.




A SUITE OF ToOLS FOR LEARNING PROBLEM-SOLVING SKILLS

Different students need different tools. Using the example of initial-condition, final-condition
gas law problems, these pages illustrate the integrated tools offered by Introductory Chemistry

to help students master problem-solving skills.

The story begins on page 409 with WorkPatch 11.3, which asks the student to solve PV/nT to
obtain a value for R. Besides emphasmng the importance of using correct units, this WorkPatch

l Look at the densities we calculated. Under the same conditions, carbon dioxide
| gas is more than ten times denser than helium gas. Given that the density of
airis 1.30 g/L, it should be no mystery why a helium balloon floats in air buta

‘ balloon filled with CO, would sink
By now you should hing on to the idea that rearranging the ideal gas
equation can be quite ul thing to do. For example, try the following

WorkPatch, and then we'll discuss

Measurements indicate that
ture is 300.0 K. The internal
ic value of PV/nT (include

sets the stage for initial-condition, final-
condition problems.

410 Cwapter 11 wuunv"funt:\'[nl,wnmmquﬂn €52 THE IDEAL Gas -
22 . \ ;_m(nh\ yw:rm»\-vn, and nm\i\\rr what you get with the accepted value of
The text after the WorkPatch discusses the importance | L o |
four WorkPalel aitswer is extremely important! ally,
of the answer, but does not reveal it. (All WorkPatches { T Toning e T e s nsisiep s e nilinns ¥
stant R from the relationship R = PV/nT
are solved at the end of the chapter.) ‘
—Measured volume (1)
Measured pressure lnmv?ml
Measured amount (mol) )"1
Using the context of an example, the text explains initial- .
condition, final-condition problems. The focus here is on e o el
. = 1 this gas is 5.00 atm, and ts te
ensuring that the student understands this type of problem, /I oo b it s e
. . . . gas in the \Inin also u\Ln o these are our initial (/) conditions for
how it reflects the underlying chemistry, and how to solve it. ihegas P, S0 im T~ 200K, ,and n, bolhnkgown
Initial Conditions
At the end of the discussion, the method for solving | g
this type of problem is summarized in a chart. E i
~ s st oy change we ke, rar G BB
e gmeme o A
1 The |n|n.:l}; B o T - T T

0°C. It appears that the
not 10.0 atm. Why

" ous example? What is the final pre 2
sure? What valuable lesson does this question teach you? N
Avster
Step 1: List P, V. i, and T for the initial itions il
Initial condition: Fi s i
P,= 500 atm () o

v ? V=V

n=2? n=n,

T, = 200.0°C 473.15K) Tj=4

Step 2: Write the key

(AR A

Starting on the next page, a set of three
Practice Problems gives the students a

~ chance to try their hand.

The first problem is solved in place using
the three-step method summarized in the

chart. The answers to unsolved problems
are given in the back of the book. (The
solutions are available in the Study Guide
and Selected Solutions manual.)



The Skills to Know sectlon at the

end of the chapter gathers ogether
“the reference information students
n‘ee‘qwhile‘legr_ning to work problems.

In addi"tion each rchart from the chapter
is repeated and accompanied by a new

worked example.

11,3 GETTING THE MOST FROM THE IDEAL GAS LAW

Notice that although we still do not know the volume of the gas or the number
Viand 1, = n because we did not
change these quantities on going from the initial conditions to the final condi-
tions. The pressure, however, has changed (it increased as the temperature
increased because the volume could not change). What is the new pressure Py
inside the cylinder? This is an important question. If a storage cylinder of gas

of males of gas present, we can say that V; =

gets too hot, the increase in pressure can cause it to explode.

To determine 7, just remember that PV/nT is alyways equal to R. This means
that PV/nT; is equal to R, and PV,/n/T; is also equal to R. And of course
because these expressions both equal R, they must be equal to each other:

This is an extremely useul result. 1t is the starting point
for solving initial-condition, final-condition problems.
The second step is to apply the rule of algebra that
allows us to cancel equal quantities that appear in the
same position on bath sides of the equation. In our
case, V, on the left side and V, on the right side are
equal, and both appear in the numerator, which means

ikewise, 1, on the leftand 1,on
the right are equal and both in the denominator, which
means they also cancel. These cancellations simplify
our equation to

simplifies to

All the variables with unknown values have disap-
peared! The final step is to rearrange the equation to
solve for 1 and then plug in the numeric values tor P, T},
and T,

Solving initial-condition,
final-condition gas problems

Step 1: List P, V, n, and T for the initial
and final conditions.

* Write in numeric values for any
variables you know.

* Where possible, express the final
vaniable in terms of the initial one. For
instance, if volume does not change,
you can say Vj =

Step 2: Write the expression

value to figure out what the gas must be. Make sure

you use units compatible with the units of R.

MAT=

PV

Solving initial-condition, final-condition gas problems

Example: An air bubble rises through the ocean from a depth of 1000 feet to the surface. As it rises, its
ure decreases from 31.3 atm to 1.00 atm and its volume increases, Its initial volime is 5.00 mL.
The bubble’s temperature remains constant, and it gains and loses no gas. What is its final volume?

1. ListP, V, n, and T for the initial and final
conditions.
* Write in numerical values for any
variables you know.
press the final variable
ial one. For instance, if
volume does not change, you can say
V=¥

2. Write the expression

* Whenever possible, rewrite this expres-
sion to show final variables in terms of
initial ones (from step 1),

« Cancel quantities that are identical on the
two sides of the expression.

3. Solve the equation algebraically for the
desired variable.

Then plug in values for the quantities you
know and solve numerically for an answer.

Initial conditions
=313atm
5.00mL

inal conditions

Py = 1.00 atm

BV, BV, Becauser, =i, and T, = T, we can
s replace variables on the right side of the
< equation with those from the left side.

- BV =By,

PV,=BV, ——= V= =p"

— Students having difficulty will find a wealth of carefully

structured, confidence-building guided practice in the
free Problem Solving Guide and Workbook that
accompanies the text.

The Workbook provides explicit methods for solving
a great variety of problems, each accompanied by worked
examples and practice problems. The Workbook also
provides chapter quizzes, cumulative quizzes, and answers
to all problems.

736 mm Heg,

178 mm Hg and a temperature of 2

114 Calculate the molar mass of a gas if 100 L of the gas has a mass of 5.38 g at 15°C and

11.5 What is the molar mass of a gas if 0.985 gul the gas occupies 3.00 Lat a pressure of

HY,

i

120 PROBLEM SOLVING GUIDE AND WORKBOOK

S v _ By,
_ R _ (500 atm (000 ) _ 10.0/atn ity
2000 K * Whenever possible, rewrite this
expression to show final variables in
This answer tells us that the pressure doubled when we terms of initial ones (from step 1. 3o al e <
doubled the temperature while holding the volume con- # Canec faciom Yk ar Mentenl ou e Chart11.3 'Solving ik
stant. Make sure you can do this algebraic rearrange- o e V Step1
ment. (Review Chapter 2 if you can't!)
A summary of the method we just described appears * List P, V, n,and T for the initial and final conditions,
atright. : Step 3: Solve the equation algebraically * Write in numeric values for any known variables.
Try the following_initial-condition, finalcondition :;";l‘:;K‘:ﬁﬁﬁ“‘ﬁ‘;:":‘::f;ﬁ::ﬂ‘%: * Where possible, expres the final variable in terms of the inital one
practice problems. The first teaches you a valuable lesson Kknow and do the caleulation to get your (eg. Vi=V)
about temperature. The second shows you how a seem- answer. 3
ingly difficult problem is in fact guite solvable. Step2
* Write the expression
B, Py,
= — e e wr, T,
Example 2 * Whenever possible, rewrite this expression to show final variables in terms of
i = o itial ones step 1).
Whatis the malar mass of an unknown gas if 12.04 g of the gas occupies 7.40 Lat 27.0°C and iitielones Ummystep
* Cancel factors that are identical on the two sides of the expression.
480 mm Hg?
L]
Solution Step3
Perform step 1: * Solve the equation algebraically for the desired variable and substitute the
RT numerical values for the known quantities,
MM = ;J“— « Perform the calculation to get the answer.
Perform step 2:
T must be converted from °C to K Example 1
K =27.0°C + 273.15 = 300.2 K 7.62 moles of gas in a container with a moveable piston are heated from 100,0°C to 175.0°C
P must be converted from mm Hg to atm If the pressure remains constant, what volume will the gas occupy after the heating if it
s occupied 2,50 L initially?
P =980 mm Hg % — 2" 129 atm
760 mm Hg, Solution
Perform step 3 | Perform step 1
204 £)0.0821 L-a (3002 K Initial conditions Final conditions
pia = 1208 £)0.0821 L atm / mol KIGOZK) _ 40y |
(129atm)(7.40 L) P, = Py (unchanged)
Vi=250L
"= .62 mol (unchanged)
Practice Problems T=3732K

Perform step 2.

AT
n'l
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CHAPTER 1

What Is Chemistry?

1.1 Science and Technology

1.2 Matter

1.3 Matter and Its Physical Transformations

1.4 Matter and Its Chemical Transformations

1.5 How Science Is Done: The Scientific Method

1.6  Learning Chemistry with This Book

It is the latter part of the nineteenth century, 1896 to be exact. I am over-
come with grief. My youngest child is burning with fever. The sickness
has spread from her ear to her entire body. Her skin has a scarlet look,
and she is in great pain. The doctor has applied some tincture of iodine,
but he does not know the cause of what ails her. He has told us to make
arrangements. My beloved child will not see her fourth birthday.

It is the latter part of the twentieth century, 1996 to be
exact. My daughter was ill yesterday with an earache.
Our pediatrician diagnosed a streptococcus infection and
administered the antibiotic amoxicillin. My daughter
thought it tasted good, and she is back in preschool
today, completely free of fever and pain.

It is the early part of the twenty-first century, 2026 to be exact. We
have chosen to have a daughter. Unlike most of today’s parents, we
will not pre-select her IQ. However, we do agree with our genetic
counselor that her system should be genetically engineered so that
she will be immune to all known bacterial and viral infections.

1.1 Science and Technology

away. The pace at which things are changing is accelerating at an unbeliev-
able rate. One hundred years from now will be as different from today as

today is from 500 years ago. Within the past ten years, a significant
portion of the genetic code for the human genome has been
unraveled. One hundred years ago we had never even

The span from 1896 to 1996 was 100 years. The year 2026 is less than 25 years



