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Preface

My goal in writing the second edition of this book has
been the same as it was for the first edition: to present
only the material that is essential for a one-year general
chemistry course. I have included all the core topics that
are necessary for a solid foundation in general chemistry
without sacrificing depth, clarity, or comprehension.

Essential Chemistry covers these core topics in the
same depth and at the same level as 1200-page texts.
Therefore, this book is not a condensed version of a big
text. Rather, 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.

WHAT’S OUT, WHAT’S IN

Planning for this text involved a certain amount of se-
lectivity. Each time I started a chapter, I asked myself,
“What is essential for students to know about this area
of chemistry?” and of course, “What is not?” In decid-
ing what to include and what to omit, I relied on my ex-
perience as a classroom teacher, on my knowledge of
how instructors have used the six editions of my full-
length chemistry textbook, and on extensive interaction
with fellow chemistry instructors. With this awareness, I
chose the following:

What’s Out

* Discrete chapters on descriptive chemistry. Most
instructors do not find the time to implement an exten-
sive survey of the chemistry of the periodic groups.
Therefore, with the exception of Chapter 18, “The Chem-
istry of Coordination Compounds,” there are no chapters
focusing on descriptive chemistry. However, descriptive
chemistry is integrated throughout the text to show how
chemical principles are applied to the real world.

* Molecular Orbital Theory. 1t is my observation
that many instructors choose not to include molecular or-
bital theory in the general chemistry course. For this rea-
son, I have omitted coverage of this topic.

* Diversions. Secondary readings and boxed features
spotlighting current events or everyday phenomena, com-
mon in almost all full-length books, can be interesting
and fun to read, but they are often skipped over by in-
structors and ignored by time-strapped students. So, in the
interest of sticking to the essentials, I have for the most
part left out tangential readings. However, because I be-
lieve that a foothold in the history and application of the
science falls under the “essential” category, I open each
chapter with a short historical vignette or contemporary
story that orients students to the content of the chapter.

What’s In

Scanning the table of contents will verify my previous
statement that this text covers all the core topics. In-
cluded is a complete chapter introducing organic chem-
istry (Chapter 13), as well as a chapter (Chapter 22) at
the end covering organic polymers.

The organization of this text is fairly conventional
and flexible. Chapters 1 to 12 follow a familiar sequence
for easy coordination with lab work. Organic chemistry
is placed in Chapter 13, allowing the use of organic com-
pounds in examples and problems in subsequent chap-
ters. This chapter can be covered later in the course with-
out a break in continuity. Organic polymers are now
covered in the final chapter, for instructors who choose
to cover this topic.

As I mentioned earlier, there are no discrete chap-
ters on descriptive chemistry. Instead I have integrated
this topic in many parts of the text, especially in Chap-
ters 2, 3, 4, and 8, as well as in many of the worked-out
examples and end-of-chapter problems.

Each chapter opens with a short vignette, as I de-
scribed. By emphasizing chemistry as a human endeavor,
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xviii Preface

the fruits of which are all around us, these introductions
provide a real context for chemistry, and I hope they will
stimulate the reader’s interest.

WHAT’S NEW (AND IMPROVED)

The response to this text’s first edition leads me to be-
lieve that I am on the right track in offering a briefer
book that benefits from the heritage of my big book.
However, writing a text is an interactive process between
author and user, and from this interaction a number of
ideas for additions and improvement have arisen, leading
to the following new items for the second edition:

* Essential Concepts. This distinctive rundown of
key concepts now begins every chapter. More than just
an outline, it is designed to introduce students to what
they will need to master and to provide a gauge of their
knowledge as they review the content of the chapter.

* Essential Animations (with icons). Included with
this edition is a set of top-quality animations that demon-
strate the core concepts of general chemistry. Icons in the
margins identify correlated animations so that students
can readily turn to an animation online to view a concept
in motion. Instructors can use the animations as an easy-
to-use tool to help students understand the most abstract
and important processes in chemistry.

* Essential Notes. To help students sharpen crucial
problem-solving skills, I have added these new notes in
the margins alongside selected worked-out examples.
These notes appear at the exact part of the problem to
which they apply.

* Online Learning Center. This comprehensive, ex-
clusive web site provides a wealth of electronic resources
for instructors and students alike. For students, it offers
ChemQuest, Visual Chemistry, additional quizzes, and
links to chemical databases, listings of professional op-
portunities, and banks of equations. Instructors will have
password-protected access to the answers to ChemQuest
and Visual Chemistry, as well as additional quiz ques-
tions to assign.

* End-of-Chapter Problems. 1 have added more than
200 new problems to this edition, mostly in the “Addi-
tional Problems” section at the end of each chapter. In
this edition, I have also included a new category, “Spe-
cial Problems,” which draws on the student’s ability
to apply comprehensive knowledge of the chapter’s
content.

* New Topic Coverage. Based on comments from
users of the book, I have added or expanded on my cov-
erage of selected topics. Specifically, Chapter 11 now in-
cludes treatment of the Clausius-Clapeyron equation,
and Chapter 14 covers second-order kinetics. Both of
these topics were absent from the first edition. New chap-
ter-opening essays have been added to Chapters 13 and
22, and molecular model drawings now accompany
worked examples on chemical bonding in Chapter 9.

THE PROBLEM-SOLVING STRATEGY

To a great extent, a student’s understanding of chemistry
depends on his or her ability to solve and analyze prob-
lems. 1 have structured this book with the idea of weav-
ing the techniques of problem-solving throughout the
content, so that the student is systematically guided and
challenged to view chemistry as a series of solvable prob-
lems. The strategy employs a number of specific items
within the chapters:

* Examples with Solutions and Practice Exercises.
The text provides 163 example problems with full solu-
tions, showing students how to approach a given type of
problem. Their placement demonstrates problem-solving
strategies in context. Some examples in this edition also
offer “Essential Notes” in the margin, providing helpful
pointers or additional information to further assist stu-
dents. Each worked example is followed by a related
practice exercise that lets students try their hand at the
problem type just discussed. Students can turn to the end
of the chapter to view solutions to these practice prob-
lems to complete their introduction to the methodology
for solving a given type of problem.

* End-of-Chapter Problems. The text provides three
types of end-of-chapter problems, which appear in the
following order:

1. Review Questions/Problems. The questions ex-
plore the “why” of chemistry and check students’ un-
derstanding of the conceptual side of it. Organized by
chapter subject headings, review questions are fol-
lowed by quantitative problems.

2. Additional Problems. These exercises further
test students with more challenging problems that may
involve two or more concepts. They give students ex-
perience in identifying concepts and techniques needed
to solve real problems. Answers to the even-numbered
problems appear at the end of the text.
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3. Special Problems. These serve as challenges to
summarize the chapter’s content, testing students’
comprehension of multiple concepts and themes.

In summary, 1 have attempted to provide a clear pathway
by which students learn to be problem-solving strategists
and in this way become active thinkers about chemistry
and physical science in general.

SUPPLEMENTS

A number of excellent electronic and printed resources are
available with this text to aid the instructor in presenting
and managing the course and to help the student in explor-
ing and mastering the many facets of general chemistry.

For the Instructor: Electronic Media

The Chang Visual Resource Library (VRL) CD-ROM
is an outstanding multimedia product that combines sev-
eral exceptional resources:

* Essential Animations. New with this edition is a set
of top-quality animations, available at the Online Learning
Center (www.mhhe.com/essentialchemistry), that vividly
demonstrate the core concepts and processes of chemistry.
Icons correlate these animations to points in the text, and
instructors can use them to augment lecture presentations.

* Text Images. More than 300 images from the text
can be used for standalone classroom presentation or can
be included in a PowerPoint presentation.

Online Learning Center for the Instructor. Also new
with this edition is the Online Learning Center (www.
mhhe.com/essentialchemistry), a comprehensive and ex-
clusive web site for both instructors and students. Re-
sources on the site include ChemQuest exercises, Visual
Chemistry, additional quizzes, and links to a wealth of data
and information sites. For the instructor, the site offers
password-protected access to the answers to ChemQuest
and Visual Chemistry, as well as additional quiz questions
to assign.

For the Instructor: Print Supplements

Instructor’s Resource Manual with Solutions, by Vicki
Ellis (Gulf Coast Community College) and Raymond
Chang, is a complete manual for teaching a general chem-

istry course based on Essential 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; infor-
mation on relevant applications; chapter overviews and
outlines; and annotated cross-references to other ele-
ments of the text package. In addition, this manual pro-
vides complete solutions to all end-of-chapter problems
in the text.

Test Bank, by Gary Wolf (Spokane Falls Community
College), contains more than 2,000 multiple-choice,
short-answer, and true-false exam questions. The ques-
tions, which are graded in difficulty, are comparable to
problems in the text and include multistep problems that
require conceptual analysis.

Computerized Test Bank contains all the questions in
the print test bank and over 200 algorithm-based ques-
tions that instructors can edit to create their own test
templates. This supplement is available in Windows and
Mac formats.

Overhead Transparencies are a set of 200 full-color
acetates of important illustrations from the text.

For the Student: Print and
Media Supplements

* Problem-Solving Workbook with Solutions, by
Brandon Cruickshank (Northern Arizona University) and
Raymond Chang, is a success guide written for use with
Essential Chemistry. It aims to help students hone their
analytical and problem-solving skills by presenting de-
tailed approaches to solving chemical problems. Solu-
tions for all of the text’s even-numbered problems are
included.

* Online Learning Center (www.mhhe.com/essen-
tialchemistry) is a comprehensive, exclusive web site
that provides a wealth of electronic resources for in-
structors and students alike. The site features interactive
quizzes for each topic area of the text, which students
can use to test themselves. Other offerings on the site in-
clude ChemQuest, containing Internet search exercises;
Visual Chemistry, with Internet exercises that require
students to find and manipulate molecules that are dis-
cussed in the text; links to chemical databases; and list-
ings of professional opportunities in chemistry.
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A Guide to Using This Text

Essential Chemistry seeks to present the core concepts of general chemistry directly and
efficiently, through text and illustrations and with a selective array of features chosen to
help the student to focus on the content and to practice problem-solving skills.

This illustrated guide walks you through each feature of the chapter, with an explanation
of why it is included and how it can help you use the textbook to learn chemistry fully.

—Raymond Chang

CHAPTER OPENER

The Outline provides a handy rundown of the numbered sections
in the chapter and includes subheadings that indicate topics cov- \

ered in the sections. \
3.

The new Essential Concepts feature is a succinct listing of the
important concepts in the chapter. It can serve as a preview of

the material you will be learning and as a review device to\
gauge your knowledge of the chapter content.

Chapter 3

Stoichiometry

Atomic Mass 60
Average Atomic Mass

3.2 Molar Mass of an Element and Avogadro's Number 61
33 Molecular Mass 64

34 The Mass Spectrometer 66

3.5 Percent Composition of Compounds 68

3.6  Experimental Determination of Empirical Formulas 70
Determination of Molecular Formulas

3.7 Chemical Reactions and Chemical Equations 72
Writing Chemical Equations » Balancing Chemical Equations

3.8 Amounts of Reactants and Products 77

3.9 Limiting Reagents and Yields of Reactions 81
Yields of Reactions

ESSENTIAL CONCEPTS
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equation baiances

!
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The chapter-opening Essays are written to orient you to the -

content of the chapter, with a short vignette to demonstrate that
chemistry is a human endeavor with a rich history and a con-
nection to all parts of our lives.

wax are burned, regarded as the father
appear to lose mass. of modern chemistry He was
The decrease in mass thet re- noted for his carefully controlied
sults from these combustion and for the use of
ions was once measurements. By
to the release of “phiogiston' out chemical
into the air. For most of the such as the decomposition of
eighteenth century scientists odde in a closed con-
acceptad the phiogiston theory. tainer, he showed that the total
Then, in 1774, the mass of the products equals the

English chemist and clergyman
Joseph isolatad oxygen—
which he called * :

Lavoisier had noticed that non.
metals like phosphorus actually —Lo*0iser igwiting & mixture of bydrogen and

the
gein mass when they bum in air,  “8 89se. composition of water by igniting
He concluded that these non-  mixture of hydrogen and cxygen

metals must combine with something in the air. This gases with an electric spark. He also served on the
substance turned out to be Priestiey's dephlogisti- commission that established the metric system on
cumduummmmmdwm'oxyw' which Sl is based. Unfortunately, his scientific career
(hﬂmdﬁ&ﬂmmr\gﬁtmm').b& Was cut short by the French Revolution. A member
cause he knew thet it is also a constitwent of all | of the nobiity, Lavoisier was biso 5 tay For
acids. these “crimes.” he was sent to the guillotine in 1794,
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Animation: a-particle scattering
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INTEGRATED MEDIA/ANIMATIONS

New to this edition is Essential Animations, a set of top-quality
animations that vividly demonstrates the important concepts and
processes. An icon in the margin points to material that is cap-
tured in an animation.

ANIMATION TITLES:

* a-particle scattering
» Limiting reagent

» The hydration process

* Gas laws

* Emission spectra

* Atomic and ionic radius
* Hybridization

* Packing spheres

* Equilibrium vapor pressure
* Le Chatelier’s principle
* Acid ionizations

* Buffer solutions

* Galvanic cells

* Activation energy

* Orientation of collision
 Radioactive decay
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THE PROBLEM-SOLVING APPROACH

The text is carefully designed to help you develop the skills to L4 The B f 4 R
solve the many types of problems you will encounter in chem-
istry. The features shown here will help you apply an effective
strategy for solving problems.

Number of melecules

Worked-Out Examples appear throughout the text to demon-
strate problem-solving methods for new material and concepts.

Answers are thoroughly explained, and each example is fol- oo ol ol gt b ol e Bk oS L e
lowed by a sample problem for the student to solve. You can e LA B
compare your work with solutions that appear at the end of the S
chapter. o Gy armmmenm

em L AAL_ 161 _( giC1_1 D)
Essential Notes accompany many of the Examples and provide S
helpful tips for working through problems. B bt

(b) ANHy(g) + 5O4(g) — 4NO(g) + 6H;0(g)
Answer: () Because each of the stoichiometric coefficients equals 1,

e = -t
®) In this reaction

s =L SEEHL L AIO ) AiNG) _ { 40L0]

i A S 4 & 6 M

PRACTICE EXERCISE
‘Write the rate expression for the following reaction:

CHy(g) + 205(8) — COx(g) + 2H;0(8)

REVIEW AND REINFORCEMENT

Chapters conclude with a Summary that restates the main con- _—
cepts of the chapter.

Following the summary is a list of Key Words that includes the ' e
important terms discussed in the chapter. These terms are page -y
referenced.

ap M-Ju}«-wlhhnw"qrﬂh
T s ot e e e v T v o o o wcvgen are placed in the other two 57
orbitals of asveen.

Summary

mvsmmlhpmqmmnumm-nmm
valence-shell electron pairs repel one another and tend 10 stay as far apart as possible.
According to the VSEPR model, molecular geometry can be predicted from the number
of bonding electron pairs and lone pairs. Lone pairs repel other pairs more strongly than
mmﬁdh&mwnhf_md&dﬂm

measurements.
In valence bond theory, hybridized atomic orbitals are formed by the combination
and rearrangement of orbitals of the same atom. The hybridized orbitals are all of equal
cnergy and clectron density, and the number of hybridized orbitals is equal t0 the num-
ber of pure atomic orbitals that combine. Valence-shell expansion can be explained by
llnlmm.hmmmd:p and d orbitals.
the two hybrid orbitals le in a straight finc; in 5p* hybridization,
mmhmMmammem.wmwmm
mrmmmmnammdhma.m in 5p’d hybridiza-
insp'd®
hyhmlmnm the six hybrid orbitals are directed toward the comers of an octahedron.
In an sp-hybridized atom (for example, carbon), the one unhybridized p orbital
can form & pi bond with another p orbital. A carbon-carbon double bond consists of a
sigma bond and a pi bond. In an sp-hybridized carbon stom, the two unhybridized p
orbitals can form two pi bonds with two p orbitals on another atom (or stoms). A carbon-
carbon triple band consists of one sigma bond and two pi bonds.

Key Words

Dipole moment (), 308 Pi bond ( bond), 320 Valence-shell electron-pair repul
Hybridization, 312 Polar molecule, 308 sion (VSEPR) model. 298
Hybrid orbital, 312 Sigma bond (o boad), 320 Valence-shell cxpansion, 319

Nonpolar molecule, 308 Valence shell, 298
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CHAPTER TEN _Chemical Bonding Il: Molecular Geometry and Hybridszation of Atwmic Orbitaly

Questions and Problems

SIMPLE GEOMETRIC SHAPES

Review Questions
10,1 What is molecular geometry? Why is the study of
molecular geometry important?

Skeich the shape of a lincar triatomic moleculc.

a trigonal planar molccule containing four atoms,

3 tetrahedral molccule, a trigonal hpyumxdl!

molecule, and an octahedral molecule. Gi

bond angles in each case.

3 How many atoms are directly bonded to the
central atom in a tetrahedral molecule, a trigo-
nal bipyramidal molccule. and an octahedral
molecule?

102

VSEPR

Review Questions
104 Discuss the basic features of the VSEPR model.
Explain why the repulsion decreases in the fol-
lowing order: lone pair-lonc pair > lone pair—
bonding pair > bonding pair—bonding pair.
S In the trigonal bipyramid arrangement, why does
4 lone pair occupy an equatorial position rather
than an axial position?
Another possible geometry for CH, is squarc
planar, with the four H atoms at the comers of &
square and the C atom at the center of the square.
Sketch this geometry and compare its stability
with that of a tetrahedral CH,,
Problems
107 Predict the geometries of the following species
using the VSEPR method: (a) PCly, (b) CHCl,,
(€) SiHy, (d) TeCl,,
10,5 What are the geometrics of the following spcics?
(3) AIC, (b) ZaCly, () ZaCl ",

109 Predict the geometry of the following molecules
using the VSEPR method: () HgBr, (b) N,O
(armangement of atoms is NNO), (c) SCN-
(arrangement of atoms is SCN).

What are the of the following ions?

(@) NH{, (b) NH;, (¢) COY™. (d) ICY;., (€) ICl; .

(0 AIHZ. () SoClIg, (h) H,O*, (i) BeF{~

1011 Describe the around each of the three
central atoms in the CHCOOH molecule.

1010

10,12 Which of the following species arc ctrahedral
SiCly, ScFy, XeFy, Cll, C4CH 7

DIPOLE MOMENTS AND MOLECULAR
GEOMETRY

Review Questions
10.13 Define dipole moment. What are the units ai e

symbol for dipole moment?

What is the relationship between the dipole mo-

ment and bond moment? How is it possible for &

molecule to have bond moments and yet be

nonpolar?

F_xplun why an atom canaot have a permanent
ipole moment.

10.14

10,15

10.16

.16 The bonds in beryllium hydride (BeH,) mole-
cules are polar, yet the dipole moment of
molecule is zero. Explain.

Problems

10,17 Amange the following moleculcs in order of in-
creasing dipole moment: H,0, H3S. HyTe, HySe.
(See Table 10.3.)

The dipole moments of the hydrogen halides de-
crease from HF 10 HI (see Table 10.3). Explain
this trend.

List the following molecules in onder of increasing
dipole moment: H0, CBry, HyS. HF, NHy, CO,.
Does the molecule OCS have a higher or lower
dipole moment than CS;?

Wmch of the rnuwm, molecules has a higher

75 7

10,18

10.19

10.20

1021

1022

Arrange the following compounds in order of in-
creasing dipole moments:

oY

Answers 1 Practice Excrcises

cither side, carbon and oxygen, have substantial
positive clectron affinities.

8100 Lite is known of the chemisiry of astatine, the
last member of Group 7A. Describe the physical
characteristics that you would expect this halo-
860 10 have. Predict the products of the reaction
between sodium astatide (NaAt) and sulfuric acid.
(Hint: Sulfuric acid is an oxidizing agent.)

8.101 As discussed in the chapter, the stomic mass of
‘angon is greater than that of potassium, This obscr-

3 vation created a problem in the carly development

£ of the periodic table because it meant tha argon

should be placed afier potassium. (a) How was
this difficulty resolved? (b) From the following
data, calculate the average atomic masses of ar-

gon and potassium; Ar-36 (35.967 amu; 0.337

percent), Ar-38 (37.9627 amu; 0.063 percent),

i Ar-40 (399624 amu; 99.60 percent); K-39
5 (38.9637 amu; 93,258 percent), K40 (39.9640
amu; 0.0117 percent), K-41 (40.9618 amu; 6.730

SPECIAL PROBLEM

percent).
Calculatc the maximum wavelength of light (in
nanometers) required 10 ionize a single sodium

8102

atom.
8.103 The first four ionization energies of an clement
arc approximately 738 ki/mol, 1450 ki/mol,
7.7 X 10 ki/mol, and 1.1 X 10* kJ/mol. To which
periodic group docs this element belong? Why?
Match cach of the clements on the right with its
description on the left:

(@) A grecaish-yellow gas  Nitrogen (Ny)
that reacts with water  Boron (B)
(b) A soft metal that reacts Aluminum (Al)
with water 10 produce Fluorine (Fy)
Sodium (Na)

hydrogen

(©) A metalloid that is hard
and has « high melting point

(d) A colorless, odorless gas

(e)Amnmxvcmlllun
iron, which does not corrode

8.105 I the latc 1800s the British physicist

Lord Rayleigh accurately determined the
atomic masses of a number of clements, but he obtained
a puzzling result with nitrogen. One of his methods of
preparing nitrogen was by the thermal decomposition of
ammonia:

2NHy(g) — Nafg) + 3Hylg)

Another method was 1o start with air and remove oxy-
gen, carbon dioxide, and water vapor from it. Invariably,
the nitrogen from air was a litle denser (by about 0.5
percent) than the nitrogen from ammonia.

Later the English chemist Sir William Ramsay car-
ried out an experiment in which he passed nitrogen, which
he had obiained from air by Raleigh's procedure, over
rod-hot magnesium 1o covert it 10 magnesium nitride:

IMglo) + Nalg) — MgNy(s)

Answers to Practice Exercises

&1 (2) [Ar}s™: (b) represcntative clement; (cm-m.;
netic. 8.2 Li > Be > C. 83 (a) Li*, (b) Aw™*
(€)' 84 (a) N, (b) Mg. 85 No.

After al of the nitrogen had reacted with magnesium,

gon, which means “the lazy onc” in Greek.

@ L—Mhﬂﬂlﬂn‘y ‘with the help of Sir William
rookes, the inventor of the discharge tube, showed that

perormed that Jed the 1 the conclusion

(5) Why did it ke s0 long o discover argon?

(©) Once argon had been discovered, why did i take rela-
tively litle time 10 discover the rest of the noble gases?

(@) Why was helium the last noble gas 1o be discovered on
Earth?

(€) The only coafirmed compound of radon is radon fluoride.

RaF. Give two reasons why there are so few known radon
‘compounds.

o

END-OF-CHAPTER-PROBLEMS

The problems section at the end of the chapter provides a com-
plete opportunity to practice your skills.

Grouped by chapter section, two types of problems are offered:

Review Questions test your knowledge of factual and concep-
tual content.

Problems pose quantitative situations to be solved. Solutions to
even-numbered problems appear at the end of the book.

Additional Problems, which follow the section-grouped set,

|_— further test you with more challenging problems that may in-

volve two or more concepts.

The chapters conclude with one or two Special Problems, which
call on students to demonstrate their comprehension of multi-
ple concepts and themes.
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