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To my students,
who have taught me
a great deal



Preface

hemistry is a dynamic and rapidly changing field. It is an extraordinarily

interesting subject to study and an intriguing one to teach. The diversity of
knowledge of the beginning student presents a unique challenge to the student
and to the teacher. This text is written primarily for use in courses designed to
prepare students who wish to pursue a science major requiring a comprehen-
sive course in general chemistry. These students, in most cases, have never taken
a course in chemistry or have had limited instruction in the basic math that is
required to solve chemistry problems, so a chemistry course can be very threat-
ening to them.

To address this issue, this text has two major goals:

1. To provide a clear, consistent methodology that a student can follow to
develop conceptual and quantitative problem-solving skills.

2. To engage the student by relying heavily on analogies that relate chemistry
to daily life.

Develop Problem-Solving Skills

ORGANIZING THEIR THOUGHTS

Students have numerous demands on their time, so helping them organize their
thoughts and identifying the key concepts is important. This book has several
ways to accomplish this task.

Chapter outline and learning objectives At the beginning of every chapter,
the outline of the chapter is listed. The learning objectives are presented
to alert the students to the key concepts covered in the chapter. These
objectives are also a valuable study tool for the students when they are
reviewing.

Review Clues At the beginning of each chapter, there is a list of Review
Clues. These clues provide the students the opportunity to go back to
previous sections in the book or to Appendix 1 and review or relearn
material pertinent to the present chapter.

Summarizing what they have learned Summarizing the chemistry within a
chapter can appear daunting. The book guides the student through the
summary of the material, ensuring that the student again identifies the
key concepts.

xXv
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VARIOUS PROBLEM-SOLVING METHODS

Many problems are worded so as to show the students that very different ques-
tions may sound similar and that the same question may be presented in very
different words. This will encourage students to understand concepts rather than
memorize solutions.

All Examples have the solutions following the stated problem. The solu-
tions range from a simple statement (Example 1.4 on page 6) to a short expla-
nation (Example 3.1 on page 77) to a step-by-step solution (Example 7.13 on
page 193). There are also side-by-side examples with the general method for
the technique presented on the left and a specific example of the method on the
right (pages 192-93).

After most numbered Examples, a practice problem is presented for the stu-
dents to practice the problem-solving method. The students will then use these
methods to solve the end-of-chapter problems.

Up to 20 new end-of-chapter problems have been added to each chapter.
All problems have new variables while maintaining the same skill patterns. The
end-of-chapter problems provide practice for the student using the skills pre-
sented in the chapter. Answers for the problems numbered in red are provided
in Appendix 5.

New to this edition is a correlation to ChemSkill Builder by James D. Spain
and Harold J. Peters. ChemSkill Builder is an online electronic homework
program that generates questions for students in a randomized fashion with a
constant mix of variables. Log on at www.chemskillbuilder.com.

SELF-TESTING AND REVIEWING

Snapshot Review A Snapshot Review subsection concludes each section of
the book, giving a sentence or two to emphasize a significant point and
then a problem or two for student self-testing. The answers to the
Snapshot Review problems are presented before the end-of-chapter
problems.

Self-Tutorial ~This end-of-chapter section presents problems in simple form
designed as teaching devices. Many are from everyday life, and they
emphasize the importance of identifying the information needed to
answer questions. By considering different terms that look or sound alike
in a single problem, the students can more easily distinguish and learn
both. (See Problems 5.2, 5.3, and 5.4 on pages 153 and 154.)

Engaging Student Interest

ANALOGIES

Frequent use of analogies to daily life helps students understand that chemistry
problems are not significantly different from everyday problems. For example,
calculations involving dozens of pairs of socks and moles of diatomic mole-
cules can be carried out by the same methods (Problems 7.8 and 7.9 on
page 200). Oxidizing and reducing agents can be compared conceptually to dish
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towels and wet dishes (Example 16.11 on page 434). Specific heat calculations
are like those involving room rates at a hotel (Example 14.5 on page 378).

REAL-\WYORLD PROBLEMS

Students are engaged in the study of a topic by use of a real-world problem.
The students easily understand by frequently using analogies to apply the sci-
entific concept to a normal daily event. In working with conceptual problems,
the use of chemistry in the real world is brought alive to the student. (See
Problem 7.123 on page 204.)

ITEMS OF INTEREST

Periodically throughout the book the students will find Items of Interest within
the textual material. These items demonstrate the use of chemistry in the pres-
ent and future. An example is the industrial Solvay process in Chapter 8 on
page 222.

ART PROGRAM

Today’s students are much more visually oriented than any previous generation
and many are principally visual learners. We have attempted to develop this
style of learning through the expanded use of color and illustrations. Each
chapter is amply illustrated with accurate, colorful diagrams that clarify diffi-
cult concepts and enhance learning.

Content Changes in the Fourth Edition

Chapter One—New practice problem; addition of new end-of-chapter
problems

Chapter Two—New example; addition of 20 new end-of-chapter problems

Chapter Three—New introduction to subatomic particles (Section 3.3); new
examples and practice problems

Chapter Four—New information on wavelength

Chapter Five—Addition of new end-of-chapter problems

Chapter Six—New information on naming binary compounds; more detailed
information on writing formulas; more detailed information on naming
acids

Chapter Seven—Addition of new end-of-chapter problems

Chapter Eight—More detailed information on types of chemical reactions;
addition of new end-of-chapter problems

Chapter Nine—New table on Electrolytic Properties; new end-of-chapter
problems

Chapter Ten—New, a simple way to determine limiting questions has been
introduced; added margin notes; new practice problem; new example and
practice problem; addition of new end-of-chapter problems
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Chapter Eleven—New practice problem; addition of new end-of-chapter problems

Chapter Twelve—Addition of new end-of-chapter problems

Chapter Thirteen—Addition of new end-of-chapter problems

Chapter Fourteen—Addition of new end-of-chapter problems

Chapter Fifteen—Explanation of Henry’s law is added; new section on
Percent by Mass with three new examples and practice problems and a
Snapshot Review; new end-of-chapter problems

Chapter Sixteen—Addition of new end-of-chapter problems

Chapter Seventeen—A clearer explanation of rates of reaction; addition of
new end-of-chapter problems

Chapter Eighteen—Addition of new end-of-chapter problems

Chapter Nineteen—Introduces condensed formula; a clearer explanation of
isomers with a new practice problem; addition of new end-of-chapter problems

Chapter Twenty—Clearer explanation on nuclear radioactivity; new step-by-
step example on half-life; addition of new end-of-chapter problems

Supplemental Materials

INSTRUCTOR RESOURCES

Instructor’'s Manual and Solution Manual is found in the Fundamentals of
Chemistry, 4th edition Online Learning Center under Instructor Center at
http://www.mhhe.com/goldberg. The Instructor’s Manual contains the test
bank of questions, suggestions on how to organize the course, and
complete solutions to the end-of-chapter problems not in Appendix 5.

Instructor Testing and Resource CD-ROM contains the electronic format of
the test bank questions allowing instructors to edit or create their own
test templates. The Test Bank is formatted for easy integration into the
course management systems PageOut, WebCT, and Blackboard.

Digital Content Manager CD-ROM is a multimedia collection of visual
resources allowing instructors to utilize artwork from the text in multiple
formats to create customized classroom presentation, visual-based tests
and quizzes, dynamic course content, or attractive support materials. The
Digital Content Manager is a cross-platform CD containing an image
library, a photo library, and a table library.

ChemSkill Builder is an online tool containing more than 1500 algorithmically
generated questions, each with tutorial feedback. There is a direct
correlation between student time investment in this program and
increased problem-solving ability. A record of student work is maintained
in an online gradebook so that homework can be done at home, in a
dorm room, or in a university lab. Log on at www.chemskillbuilder.com.

STUDENT RESOURCES

Online Learning Center is a comprehensive, exclusive website that provides
the student access to Web-related activities such as quizzing and other
study tools. Log on at http://www.mhhe.com/goldberg.

ChemSkill Builder challenges the student’s knowledge of introductory
chemistry with an array of individualized problems. The ChemSkill
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Builder reference in the text lets the student know which section of
ChemSkill Builder to practice for the chemical skills relating to the
specific content of the text. Log on at www.chemskillbuilder.com.

How to Study Science is written by Fred Drewes of Suffolk County
Community College. This excellent workbook offers students helpful
suggestions for meeting the considerable challenge of a science course. It
offers tips on how to take notes and how to get the most out of
laboratories, as well as how to overcome science anxiety. The book’s
unique design helps to stir critical thinking skills, while facilitating
careful note taking in the part of the student.

3000 Solved Problems in Chemistry is written by David E. Goldberg. This
Schaum’s solved problem manual provides 3000 solved problems. It
provides problem-solving strategies and helpful hints in studying.

How to Solve Word Problems in Chemistry, also written by David E.
Goldberg, focuses on techniques for solving word problems.
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To the Student

his book is designed to help you learn the fundamentals of chemistry. To

be successful, you must master the concepts of chemistry and acquire the
mathematical skills that are necessary to solve problems in this quantitative sci-
ence. If your algebra is rusty, you should polish it up. Appendix 1 reviews the
algebra used in basic chemistry and also shows how to avoid mistakes while
solving chemistry problems with your scientific calculator. The factor label
method is introduced in Chapter 2 to show you how to use units to help with
problem solutions. You can help yourself by using the standard symbols and
abbreviations for various quantities (such as m for mass, m for meter, mol for
moles, and M for molarity). Always use the proper units with your numerical
answers; it makes a big difference whether your roommate’s pet is 4 inches long
or 4 feet long!

Many laws, generalizations, and rules are presented in the study of basic
chemistry. Most students can master these. Successful students, however, not
only know them, but also know when to use each one. Word problems are the
biggest hurdle for most students who do have difficulty with chemistry. The best
way to learn to do word problems is to practice intensively. Review the Exam-
ples and do the Practice Problems until you feel confident that you understand
the concepts and techniques involved. (Do not try to memorize solutions; there
are too many different ways to ask the same questions, and many similar-
sounding questions are actually quite different.) Do the Snapshot Review items
at the end of each section. Do as many of the end-of-chapter problems as you
possibly can to see whether you have mastered the material.

You should not try to speed-read chemistry. Mere reading of a section will
not generally enable full comprehension of the material. You must be able to
solve the problems to be sure that you have really mastered the concepts. Many
of the problems sound alike but are very different (for example, Problems 5.5,
7.8, 7.9, and 11.11), and many others sound different but are essentially the
same (for example, 3.6, 5.10, 8.2, and 8.14). These will help you develop care-
ful reading habits and prepare you for the questions asked on examinations.

Problems from everyday life that are analogous to scientific problems are
included to help you understand certain points better (for example, Problems
7.8 and 7.9). Other problems are first presented in parts to help you work
through the solution and later appear as a single question, as is more likely to
occur on examinations. Some of the problems are very easy; these are gener-
ally intended to emphasize an important point. After solving one of these prob-
lems, ask yourself why such a question was asked. Make sure you understand
the point.

xXi



To the Student

Make sure you understand the scientific meaning of each new term intro-
duced. For example, the word significant as used in Chapter 2 means something
entirely different from its meaning in everyday conversation; be sure you under-
stand the difference. Key terms are boldfaced when they are first introduced in
the text. A list of these terms is given at the end of each chapter. A complete
glossary of all important terms is provided at the end of the book.

Other materials to aid your study include lists of standard symbols and
abbreviations for variables, units, and subatomic particles, found in Appendix 2.
A summary of the mathematical equations used in the book is presented in
Appendix 3. The solutions to all Practice Problems and selected end-of-chapter
problems are provided in Appendices 4 and 5, respectively. The selected end-of-
chapter problem numbers are printed in red. A periodic table is printed inside the
front cover of the book, and a table of the elements appears inside the back cover.
Let these tools help you succeed!



Learning System

Clear, Consistent
Methodology

14

Solids and Liquids,
Energies of Physical
ind Chemical Changes

Chapter Outline

Nature o the Sold and Liquia
Each chapter begins with an outline that introduces %142 Changes of Phase
the students to the topics to be presented. This Ieled o b
Reactions

outline also provides the instructor with a quick
topic summary for organizing lecture material.

Review Clues

Objectives

Review Clues

o Section 14.1  Chapter 13, Sections 12.10, 14.1  To describe the characteristics of the solid
. . 3 i 52,55 and liquid stales and determine how the
Most chapters have a set of Review Clues listed on the chapter’s Section 143 Section 2:6, Appendix 1 inemolecua fores fuened vlds and
. § i< Section 144 Section 2.2 llauiss
opening page. The students can easily decide if they are ready ‘ 14.2  Todescribe the processes involved when a
K . substance changes from one state (o
for the concepts to be presented in the chapter or if they need to i ot |
14.3  Tocalculate the energy required to change

a substance from one temperature 10
another, or from one phase to another, or
both
144 To calculate enthalpies of many reactions
from known data for other reactions and
A\ to recognize the difference between
energy and enthalpy

go to the clue areas and review material already presented.

ﬁ Snapshot Review
> @& Snapshot Review

At the end Of eaCh major [ In the factor label method. units may be canceled like variables (x, v)
section within the chapter, a st ot 1 h evenceof th method e e
Snapshot Review appears. ] o e it
Students are provided a short

synopsis of the section and
then asked a question or two to
test their comprehension of the
concept(s). Answers for the
Snapshot Review questions are
provided at the end of each
chapter.

others are variable, such as the number of miles traveled by u car per

hour, wnd these must be given in the Statement of  problem.

A. (#) Calculate the number of quarters in $15.50. (b) Calculate the value in
dollars of 217 quarters

Chapter
Objectives

A list of objectives,
based on the major
concepts covered in
1 by the statement.
any soluble onic the chapter, enables
produce (the insoluble) silver chlori The
the students to

Summary

In aqueous solutions of ionic compounds. the fons act  OMitted from the equation: these jons are called spec-

independently of each other. Soluble fonic compounds ~ 1ator fons. One net fonic cquation may describe the

are writien as their separate ions. You must be familiar ~ feactions of many compounds. For example. the net
with the solubility rules presented in Chapter § and rec-  1onic equation

ognize that the following types of compounds are strong Ag*(ag) + €1 () = AgCI(s)
electralytes: strong acids in solution, soluble metallic

hydroxides. and salts. (Sults, which can be formed as the
th bases, include all
ds and bases and

products of reactions of acids
fonic compounds except strong ac
metallic ox nd hydroxides.)
hath ionic and soluble 1o be written in the form of their

150 gives the mole ratios, which the statement

mpounds must be

Summary

separite ions. (Section 9.1) Net ionic equations are balanced only if the num-

Y

A net ionic equation describes the actual reaction
between ions of compounds i aqueous solution

At the end of each chapter is a
summary designed to help
students identify important
concepts and help them review 5

fons that do not change at all during the reaction are

Items for Special Attention

d state, such

for quizzes and tests. it g

1t fonic compounds are composed of only
negative ion. (Of course
of fon niay be present in each for-

bers of atoms of cach element and the net charge on
each side of the equation are all bafanced. (Section 9.2)

" You may be feel

atar (ons—is much

casier!

Items for Special Attention

Appearing at the end of every chapter, this unique section
highlights and emphasizes key concepts that often confuse

students. This section anticipates students’ questions and
problem areas and helps them avoid many pitfalls.

preview the material
and become aware
of the topics they are
expected to master.



Examples

Engage Students with Analogy

Many of the examples used within the textual
material draw on analogies to common everyday life
events such as conceptually comparing dish towels
and wet dishes to oxidizing and reducing agents.

Y
B EXAMPLE 16.11

A dish towel used to dry dishes can be classified as a drying agent, and the

dishes can be classified as wetting agents.

(a) What happens to the drying agent in the process of drying the dishes? What
happens to the wetting agent? What happens to the water?

(b) When an oxidation-reduction reaction occurs, what happens to the reduc-
ing agent, the oxidizing agent, and the electrons?

Solution

(a) The dish towel is the drying agent; it gets wet. The dishes are the wetting
agents; they get dry. The water is transferred from the wetting agent to the
drying agent.

(b) The electrons in an oxidation-reduction reaction act like the water in part
(a): They are transferred from the reducing agent to the oxidizing agent.

The reducing agent is oxidized; the oxidizing agent is reduced. M

&

ChemSkill Builder

A

The electronic structure of
atoms is the basis for the
periodic behavior of the
elements.

trons occupy s subshells. Hydrogen and helium also are in this block, and we
have to remember to shift helium to a place beside hydrogen for this purpose.
The six periodic groups at the right of the table constitute the p block; their last
electrons go into p subshells. The transition metals belong to the d block, and
the f block consists of the inner transition metals.

Note the similarity between the number of elements in each period in a
particular block and the maximum number of electrons permitted in the corre-
sponding type subshell:

Number of elements
Type of subshell Maximum number of  in each period in

or block electrons in subshell a particular block
s 2 2
P 6 6
d 10 10
f 14 14

After each noble gas, a new shell of electrons is started, as is a new period
of the periodic table. It turns out that electronic structure is the basis for the
periodic behavior of the elements.

The four transition metal series arise because, for each of these elements, an
electron has been added to the next-to-outermost shell. Addition of 10 electrons
to the 3d subshell after the completion of the 4s subshell causes 10 elements to
occur after calcium to be the first elements in their periodic groups. The second
and third transition series occur because the 44 and 5d subshells fill after the

ChemsSkill Builder

¥

XXvVi

New to this edition is a correlation to ChemSkill Builder by
James D. Spain and Harold J. Peters. ChemSkill Builder is an
online electronic homework program that generates questions
for students in a randomized fashion with a constant mix of
variables. Log on at www.chemskillbuilder.com.




Problem-Solving Methods

(a) 1 compound
(b) 2 compounds

(c) | element +
1 compound

(d) 1 compound
(e) | compound + O,

(f) 1element +
1 compound

(g) 2 elements

from its elements?

compound?

when heated?

Self-Tutorial Problems

Assign the following types to one of the five classes of |
reactions presented in Section 8.3:

2 elements
2 different compounds
1 element + 1 compound

1 element + 1 compound
2 or more compounds
I compound

1 compound

What is the difference, if any, among (a) the reaction of
sodium with bromine, (b) the combination of sodium
and bromine, and (c) the formation of sodium bromide

Which, if any, of the common acids exist completely in
the form of ions (a) in aqueous solution and (b) as a pure

Explain how to recognize that O, and ZnO will not react
with each other in a single substitution reaction.

Are oxides of reactive metals or oxides of unreactive
metals more likely to decompose into their two elements

Self-Tutorial

Which table in this chapter should be used when work-

with double substitution

Classify each of the following as an ag
a basic anhydride:

N,O4 MgO
What ¢

Side-by-Side
Problem-Solving
Method

Li;0 SO

¢_of reaction is the followi

To understand and help apply a
step-by-step problem-solving
method to various problems,
students will find examples
with the general method for the
problem-solving technique
presented in the left column
and a specific example of the
method presented in the right
column.

Y

ing with single substitution reaction, and which ones
)

-«
<
This end-of-chapter section
Explain how a catalyst resembles a marriage broker. presents prob]ems in Simple
Rewrite the following equations with integral coeffi- . .
cients: form designed as teaching
(@) CoFy(s) + + Fa(g) — CoFs(s) devices. Many are from
(b) NHy(g) + § 05(g) — NO(g) +  H,0(g) everyday life. and they
(¢) CuBr(s) + £ Bra(€) = CuBry(s) A T
(d) 2 HyPO4(ag) + MgCOs(s) — emphasxze the importance
1 Mgy (POL)x(s) + H,O(€) + COx(g) of identifying the
(e) CoCly(s) + 3 Col(s) = 3 CoCly(s) é .
. . ] information needed to
Write a balanced chemical equation for each of the fol- .
lowing reactions: answer questlons, thus
() SO4(g)+ Clalg) =»50,C1(6) advancing analytical skills.
(b) SO,(g) + PCls(s) = SOCL(€) + POCl,(€)
{ What products are expected in each of the following
cases?
(a) KCIO; is heated in the presence of MnO, as a
catalyst.
(b) KCIO; is heated in the presence of MnO,.
(¢) KCIO; and MnO, are heated together.
(d) KCIO; is heated.
What type of substance can act as an acid but does not
have hydrogen written first in its formula?
Give two reasons why the following reaction produces
products:
Ba(HCO4),(ag) + H,SO4(ag) —
Example

Which of the following compounds are Steps
NH, H,0 HCIO,  d
LiH AsH, H4PO, Step 1:

Step 2:

Step 3:

Step 4:

Change the percentages to numbers of grams
(by assuming that 100.00 g of sample is pres-
ent). On exams, state that you are assuming a
100-g sample.

For each element, convert the number of
grams to the number of moles.

Try to get an integral ratio by dividing all the
numbers of moles by the magnitude of the
smallest number of moles. This will make at
least one number an integer.

If necessary, multiply a// the numbers of moles
by the same small integer to clear fractions.
Round off the result to an integer only when
the number of moles is within 1% of the in-
teger. Always use at least three significant

Because the size of the sample does not matter in deter-
mining an empirical formula, you can assume a 100.00-g
sample. That way, the percentages given are automatically
equal numerically to the numbers of grams of the ele-
ments. For example:

2787gP
100.00 g compound

From the percentage

100.00 g compound ( ) =2787¢gP

2787 gPand 72.13 g S
1 mol P
3097gP

1 mol §
3206gS

2787¢g P( ) = 0.8999 mol P

72,I3gS( = 2250 mol S

0.8999 mol P
0.8999

2.250 mol S
0.8999

= 1.000 mol P

= 2.500 mol S

1.000 mol P X 2 = 2.000 mol P
2,500 mol S X 2 = 5.000 mol S

The empirical formula is P,Ss.

Find more help at the Goldberg website at
www.mhhe.com/goldberg
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This easy-to-use program provides students with the tutorial practice they need to master the
concepts covered in their chemistry courses. ChemSkill Builder contains more than 1500
algorithmically-generated questions, each with tutorial feedback. Use ChemSkill Builder to assign
homework. All assignments and grading are completed online. This is the end of grading
homework as we know it!
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Features and Benefits of ChemSkill Builder

« Scores are saved online each time students complete a section. Students no longer need to hand
in floppy disks for grading.

» Scores are automatically transferred to the online class file so the instructor can provide credit
for the work done. No handing in homework. No grading homework!

* Questions that are presented in a randomized fashion with a constant mix of variables—no two
students receive the same questions. This provides plenty of opportunity for practice.

« Answers are checked immediately, and fully worked out solutions are presented in response to
wrong answers. This program teaches students problem-solving skills!

« Subscriptions may be purchased online or via your campus bookstore. Substantial discounts are
offered when packaged with a McGraw-Hill textbook. Contact your local McGraw-Hill
representative for more details.

Log on today! www.chemskillbuilder.com



