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Preface

To the Instructor

AN INTRODUCTION TO CHEMISTRY is intended for use in beginning
chemistry courses that have no chemistry prerequisite. It was written for
students who want to prepare themselves for general college chemistry,
for students seeking to satisfy a science requirement, and for students in
health-related or other programs that require a one-semester introduction
to general chemistry. No matter what your students’ goals, this book will
help them to learn the basics of chemistry.

[ have taught introductory chemistry for over 25 years, and for much of
that time I have considered writing my own text. One reason was that the
existing textbooks struck me as disjointed. They read more like a list of
skills to master than like a coherent story of the nature of chemistry. I
thought it should be possible to organize the fundamentals of chemistry so
that each would flow smoothly into the next, but it wasn’t until I made
some changes in my course that I began to take the prospect of writing a
new textbook seriously.

The first change I tried was to move the description of unit conversions
from the beginning of the course to the middle. I decided that one reason
why the course felt disjointed was that I kept jumping back and forth
between the description of the basic concepts of chemistry and the expla-
nation of unit conversions. Postponing the mathematics enabled me to
focus on chemistry in the first part of the course. Moreover, as a result of
this change, my students develop far stronger computational skills than I
was able to give them before. (The reasons for this are described below.)
While I recommend this change, I know it is not an option in all courses.
Therefore, I designed this text so that unit conversions can be either intro-
duced at the start of the course or postponed (as I prefer) until later.

The second change I made was to put more emphasis on developing my
students’ ability to visualize the particle nature of matter. Students too
often view chemistry as a set of rules for manipulating numbers, symbols,
and abbreviations, never really connecting these rules to a physical reality.
They can balance equations and do chemical calculations, but they cannot
answer questions about what is happening on the particle level when an
acid reacts with a base. Thus, whenever appropriate, I enhance the stan-
dard topics covered in introductory chemistry with corresponding
descriptions of events from the particles” “point of view.”

The final factor that led to the creation of this text and its supplements is
that I learned to create computer-based tools myself, and it occurred to me
that a package whose text and computer-based ancillaries were all
produced by the same person would offer real benefits. The Web-based
tools that accompany this text include animations, glossary quizzes for
each chapter, tutorials to consolidate and enhance important skills, and
Web pages that provide extra information. Because I have created both the
tools and the text, I think you will find that they fit together seamlessly.

ix
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Read on for a more detailed discussion of how these changes have been
incorporated into An Introduction to Chemistry and its supplements. Each
innovation has been developed with the ultimate goal of making it easier
for you to give your students a coherent understanding of chemistry, a
positive attitude toward chemistry (and toward you and your course), and
a solid foundation on which to build, should they decide to continue their
chemistry studies.

Flexible Order of Math-Related Topics

Do you spend a lot of time in the first week or two of your course teaching
unit conversions and significant figures? If so, do many students lose
interest or even drop the course because they find the math-related topics
boring and perhaps intimidating?

The single most beneficial change I have made in my prep-chem course
has been to shift the coverage of unit conversions from the beginning to
the middle of the semester. As detailed below, this book can be used to
support either that approach or a more traditional one. Delaying the cover-
age of unit conversions enables me to describe elements, compounds, and
chemical reactions earlier than usual and, I believe, to give my students a
much better understanding of what chemistry really is. Students emerge
from the first lectures with a better attitude toward the course and with
more confidence in their abilities—which, in my experience, has translated
into significantly lower drop rates. One of the most important by-products
of this change, in my assessment, is that my students end up better
equipped with math-related skills than would otherwise be the case (see
“More Emphasis on Math-Related Topics,” below). Immediately after I
teach them the technique of dimensional analysis, they begin using it in
mole calculations. Thus, instead of learning the technique at the start of
the course, and then largely forgetting it, and then trying to relearn it in
haste, the students learn it well and then immediately consolidate their
knowledge.

Because not everyone will choose to restructure their course in this way,
I organized this book to allow several approaches to teaching unit conver-
sions. The optional Inter-Chapter 14, located between Chapters 1 and 2,
gives a brief introduction to dimensional analysis and metric-metric
conversions. Chapter 8, which covers dimensional analysis comprehen-
sively, can be used either in its current position or early in the course.

® An instructor who wishes to introduce unit conversions briefly at an
early point in the course (perhaps to prepare the students for labs),
while postponing a comprehensive treatment of the topic, can use the
text in its current order.

® An instructor who wishes to teach unit conversions in detail early in the
course can skip Inter-Chapter 1A and instead cover Chapter 8 immedi-
ately after Chapter 1. Chapter 8 is written so that students can read it
without confusion before reading Chapters 2 through 7.

B An instructor who, like myself, wishes to delay the discussion of unit
conversions until the middle of the course can skip Inter-Chapter 14 and
cover the remaining chapters in their current order. Chapter 8 is located



so that it teaches unit analysis immediately before the students need the
technique for mole calculations.

Early Introduction to Chemical Reactions

Are you ever frustrated that it takes so long to get to describing interest-
ing chemical changes?

Most prep-chem texts don’t describe chemical reactions until midway
through the text or even later, thereby reinforcing students” expectations
that chemistry will be boring and irrelevant. In this text, chemical reactions
are described in Chapters 4 through 6.

More Emphasis on Math-Related Topics

Do you ever wish that you could cover unit conversions in more detail but
resist doing so because it would further postpone the introduction of the
description of elements, compounds, and chemical changes?

Although I postpone the math-related topics in my prep-chem courses, I
think they are extremely important. Therefore, I have devoted three full
chapters to them. Chapter 8 teaches unit conversions using dimensional
analysis, Chapter 9 describes chemical calculations and chemical formulas,
and Chapter 10 covers chemical calculations and chemical equations.

More Logical Sequence of Topics

In many texts, Chapter 1 or 2 asks the reader to classify substances as
elements, compounds, or mixtures and to classify changes as chemical or
physical. Do you find it difficult to describe compounds before your
students have a clear understanding of atoms and elements? Do you find
it hard to describe chemical changes before your students know about
chemical bonds and chemical compounds?

In the first week of class, I used to ask my students to classify substances
as elements, compounds, or mixtures. That required me to introduce the
concept of an element long before any significant discussion of atoms and to
describe compounds without first presenting a clear depiction of elements.
[ was equally uncomfortable asking students to classify changes as chemi-
cal or physical before they had any clear definition of chemical bonds. Now
I move smoothly from the kinetic molecular theory to a description of
atoms and elements (Chapter 2). This flows into a description of chemical
bonds and chemical compounds (Chapter 3), which in turn forms the basis
for an understanding of the nature of solutions and the processes of chemi-
cal changes (Chapters 4, 5, and 6). The introductory discussions that felt so
disjointed to me in the past now seem to follow a logical progression—a
story, really—that flows from simple to more complex.

Emphasis on the Development of Visualization Skills

Do you ever worry that your students can write balanced chemical equa-
tions but do not have a clear mental image of the events that occur during
a chemical reaction?

Preface
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I think it is extremely important for students to develop the ability to
visualize the models that chemists use for describing the structure and
behavior of matter. I want them to be able to connect a chemical equation
with a visual image of what is happening in the reaction. Throughout the
text, I emphasize the development of a mental image of the structure of
matter and the changes it undergoes. I start with a more comprehensive
description of the kinetic molecular theory than is found in most books,
and I build on that description in the sections on elements, compounds,
and chemical changes. To help the student visualize structures and
processes, I provide the colorful and detailed illustrations that are a promi-
nent feature of the book. Moreover, the book’s Web site provides anima-
tions based on key illustrations.

Identification of Skills to Review

When your students have trouble with a task, is it ever because they have
not completely mastered some of the lessons presented in earlier chapters?

The Review Skills section at the start of each chapter lists skills from
earlier chapters that will be needed in the present chapter. The students
can test their mastery of each skill by working the problems in the Review
Questions section at the end of each chapter.

Instructors who wish to teach chapters in a different order than the one
in the book can use these sections to identify topics that may require
supplementation. The Instructor’s Manual contains a list of various pos-
sible chapter orders, with suggested detours to ensure that the students
always have the skills they need.

Sample Study Sheets

Are the best-organized students in your class often the most successful?
Do you ever wish that the text you were using helped students get nore
organized?

In an introductory chemistry course, it really pays to be organized. This
text helps students get organized by providing Sample Study Sheets for
many of the tasks they will be expected to do on exams. Each study sheet
describes how to recognize a specific kind of task (“Tip-off”) and then
breaks the task down into general steps. Each study sheet is accompanied
by at least one worked example.

Extensive Lists of Learning Objectives

Do your students ever complain that they do not know what they are
supposed to be able to do after studying a chapter in the text?

The learning objectives listed at the end of each chapter are more
comprehensive than the objectives in other texts. They list all the key skills
taught in the chapter, thus helping students to focus on the most critical
material. Objective references in the margins of the chapter denote the
paragraphs that pertain to each objective, so that a student who has trou-
ble with a particular objective can easily find the relevant text discussion.
Many of the end-of-chapter problems are similarly referenced, so that
students can see how each objective might be covered on an exam.



Chapter Glossaries and Glossary Quizzes

Do you wish your text did more to help students learn the language of
chemistry?

Learning the language of science is an important goal of the courses for
which this text is designed. Most books have a glossary at the back, but I
suspect that students rarely refer to it. In addition to a glossary at the back
of the book, this text also has a list of new terms at the end of each chapter,
where it can serve as a chapter review. Glossary quizzes for each chapter
can be found on the book’s Web site.

More Real-World Examples

Do your students feel that what they read in their textbook is far removed
from the real world?

This text is full of real-world examples, both in the chapter narrative and
in the problems. For instance, after introducing the idea of limiting reac-
tants, Section 10.2 explains why chemists design procedures for chemical
reactions in such a way that some substances are limiting and others are in
excess. Chapter 9 problems mention vitamins, cold medicines, throat
lozenges, antacids, gemstones, asphalt roofing, fireworks, stain and rust
removers, dental polishing agents, metal extraction from natural ores,
explosives, mouthwashes, Alar on apples, nicotine, pesticides, heart drugs,
Agent Orange, thalidomide, and more. The chemical reactions used in
problems often represent actual industrial processes. Several of the Special
Topics scattered throughout the book describe the achievements of “green
chemistry.”

Key Ideas Questions

Have you ever wondered whether the chapter reviews in many textbooks
are useful to students?

After the Review Questions section at the end of each chapter is a
section titled Key Ideas. Students are given a list of numbers, words, and
phrases that they use to fill in the blanks in a series of statements that
follows the list. The statements summarize the most important ideas from
the chapter—that is, they add up to a chapter review. Because this review
is a game of sorts, the students get more actively involved and are more
interested in recalling key ideas than they do when reading a chapter
summary.

Acknowledgments

Writing a textbook is a much bigger project than I ever imagined it would
be, and to bring such a project this far requires many people, all of whom
deserve my heartfelt thanks. The biggest thank you goes to my family. My
loving and beautiful wife, Elizabeth, has not only done much more than
her share of the tasks necessary to keep our home running smoothly, she
has also kept our home a happy one. Her patience and generosity have
allowed me to “disappear” to work on the project with a minimum of
guilt. My kids (Meagan, Benjamin, and Claire) have had to do without
their dad all too often, but they have always been understanding. I want to

Preface

xiii



xiv

Preface

give a special thanks to my adult daughter, Meagan, to my brother, Bruce,
and to my mother, C. Joan Ninneman. They each provided a sympathetic
ear when the project got me down, and they were constant sources of good
advice. I'm a truly lucky man to have been blessed with such a family.

Next on my list of those to thank are my saintly developmental editors,
Sue Ewing and Moira Lerner Nelson. Sue was there at the beginning, not
only helping to convert the original book that existed only in my head into
a realistic text, but also giving me support and advice at every step of the
way. Moira took over at the midpoint of the process, and her suggestions
have led to extensive improvements in the organization and language of
the text. Moira, like Sue before her, has been a caring friend as well as a
constant source of good ideas. It has been a great pleasure to see the book
get better and better in response to the advice of these two professionals.

I want to thank the people of Benjamin Cummings who have been essen-
tial in guiding the project to completion. First, I want to thank Anne
Scanlon Rohrer, the acquisitions editor at Benjamin Cummings who had
the courage to sign an unknown author to a book contract. Although she
moved on to other things soon after the signing, I still appreciate her confi-
dence in me and her belief in the value of the project. I also want to
acknowledge the contributions of others at Benjamin Cummings: Linda
Davis, president; Ben Roberts, executive editor; Maureen Kennedy, former
acquisitions editor; Joan Marsh, managing editor; Margot Otway, senior
advisor; Chalon Bridges, market development manager; Christy Lawrence,
marketing manager; Frank Ruggirello, vice president and editorial direc-
tor; Stacy Treco, director of marketing; Lisa Leung, assistant editor; Claire
Masson, Tony Asaro, George Ellis, Nancy Gee, Claudia Herman, Blakeley
Kim, and Emiko-Rose Koike.

I am grateful to the people at Thompson Steele Production Services who
found the photos, improved my images, copyedited and proofread the
text, and did the composition and page layout. I really enjoyed working
with Andrea Fincke, my project editor. She has the toughness required to
keep things moving, combined with a charming personality and a quick
wit. I also want to thank Sally Thompson Steele, designer and consultant;
Cia Boynton, art editor; Abby Reip, photo researcher; Connie Day, copy
editor; Jeff Coolidge, photographer; Jim Atherton, illustrator; and Suzanne
Kelly, page layout artist. I would also like to thank the principal and the
science department at the Bromfield School for their assistance.

Another person who contributed significantly, though indirectly, to the
writing of this text was Rodney Oka, my colleague and friend at Monterey
Peninsula College. Rod shouldered many of the chemistry department
tasks that I was just too busy to do, and he allowed me to continue to teach
the same introductory courses long after he would have preferred to
switch with me. (I'm sure he would rather get cash, but I thought a strong
thank you in print would be more lasting.)

Next,  want to thank Ron Rinehart, another of my colleagues, and Adam
Carroll for checking the solutions for all of the problems in the text. Their
attention to detail was much appreciated. Last, but certainly not least, I
want to thank the many people who have reviewed the text at every stage
in the process. They have been my main contact with the community of
chemistry instructors and, in that capacity, have given me both invaluable



advice on many aspects of the work and encouragement to see the project
through to the end. I want to give special thanks to Phil Reedy of Delta
College and Walter Dean of Lawrence Technological University. They have
been reviewing the manuscript from the beginning, and I hope they will
see something of themselves between these covers. I also want to thank
Donald Wink of the University of Illinois at Chicago, who, until he decided
to write a competing text of his own, did his best to keep me honest.

I want all of the following reviewers to know that I greatly appreciate
their contributions:

Elaine Alfonsetti, Broome Community College; Nicholas Alteri, Community College of
Rhode Island; Joe Asire, Cuesta College; Caroline Ayers, East Carolina Univeristy; M.R.
Barranger-Mathys, Mercyhurst College; Cheryl Baxa, Pine Manor College; Bill
Bornhorst, Grossmont College; Tom Carey, Berkshire Community College; Marcus
Cicerone, Brigham Young University; Juan Pablo Claude, University of Alabama at
Birmingham; Denisha Dawson, Diablo Valley College; Walter Dean, Lawrence
Technological University; Patrick Desrochers, University of Central Arkansas; Howard
Dewald, Ohio University; Jim Diamond, Linfield College; David Dollimore, University
of Toledo; Tim Donnelly, University of California, Davis; Jimmie G. Edwards, University
of Toledo; Amina El-Ashmawy, Collin County Community College; Naomi Eliezer,
Oakland University; Roger Frampton, Tidewater Community College; Donna
Friedman, St. Louis Community College; Galen George, Santa Rosa Junior College;
Kevin Gratton, Johnson Community College; Ann Gull, St. Joseph’s College; Greg
Guzewich; Midge Hall, Clark State Community College; James Hardcastle, Texas
Women'’s University; Blaine Harrison, West Valley College; David Henderson, Trinity
College; Jeffrey Hurlbut, Metropolitan State College; Jo Ann Jansing, Indiana University
Southeast; Craig Johnson, Carlow College; James Johnson, Sinclair Community College;
Sharon Kapica, County College of Morris; Roy Kennedy, Massachusetts Bay
Community College; Gary Kinsel, University of Texas, Arlington; Leslie Kinsland,
University of Southern Louisiana; Deborah Koeck, Southwest Texas State University;
Kurtis Koll, Cameron University; Christopher Landry, University of Vermont; Joseph
Lechner, Mount Vernon Nazarene College; Robley Light, Florida State University; John
Long, Henderson State University; Jerome Maas, Oakton Community College; Art
Maret, University of Central Florida; Jeffrey Mathys; Ken Miller, Milwaukee Area
Technical College; Barbara Mowery, Thomas Nelson Community College; Kathy
Nabona, Austin Community College; Ann Nalley, Cameron University; Andrea Nolan,
Miami University Middletown; Rod Oka, Monterey Peninsula College (class tester);
Joyce Overly, Gaston College; Maria Pacheco, Buffalo State College; Brenda Peirson;
Amy Phelps, University of Northern lowa; Morgan Ponder, Samford University; Matiur
Rahman, Austin Community College; Pat Rogers, University of California, Irvine; Phil
Reedy, Delta College; Ruth Russo, Whitman College; Lowell Shank, Western Kentucky
University; Ike Shibley, Pennsylvania State Berks; Trudie Jo Slapar Wagner, Vincennes
University; Dennis Stevens, University of Nevada-Las Vegas; Jim Swartz, Thomas More
College; Sue Thornton, Montgomery College; Philip Verhalen, Panola College; Gabriela
Weaver, University of Colorado, Denver; William Wilk, California State University,
Dominguez Hills; Linda Wilson, Middle Tennessee State University; Donald Wink,
University of Chicago; James Wood, University of Nebraska at Omaha; Jesse Yeh, South
Plains College; Linda Zarzana, American River College; David Zellmer, California State
University, Fresno.

If you have any questions about the text that you would like to ask me,
I'd be happy to have the opportunity to answer them. Your Benjamin
Cummings sales representative can provide you with my email address. I
hope that your teaching experience using this book (or any other text) will
be a satisfying and pleasurable experience.

Mark Bishop
Monterey, California

Preface

XV



Features of This Book........

An Introduction
to Chemical Reactions
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The Review Skills section
instructs the reader to
review specific skills from
earlier chapters that are

Chemical changes, like the
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The presentation of information in this chapter assumes that you can 2

chapter begins with a discussion of how to interpret

Review Skills

listed below. You can test your readiness to proceed by answering the

[J)u-rr'an:rv This might also be a good time to read the Chapter Objecti necessary for success in
Questions
the present chapter.
= Write the formulas for the diatomic = Desq
(Section 2.5) = Con

s Predict whether a bond between 2 atoms of different binary covalent compounds, and ionic compounds.

elements would be coval (Sections 3.3-3.5)

Salt towers rise from the water in Mono Lake, California.

174 Chapter4 | An Introduction to Chemical Reactions

Photographs give the
reader visual reminders

Write the formulas for all of the diatomic elements.

I Review Questions

2. Predict whether atoms of each of the following pairs of elements would be

that chemistry is
important in their world.

Students can test themselves on the
review skills by working the problems in
the Review Questions section found at
the end of each chapter.

'

expected to form ionic or covalent bonds.
c. Feand O
d. Nand Cl

Describe the structure of liquid water, including a description of water mole-
cules and the attractions between them

a. Mgand F
b. Oand H

Write formulas that correspond to the following names.

a. ammonia &

b. methane

n

a. nitrogen dioxide

b. carbon tetrabromide

a. lithium fluoride
b. lead(Il) hydroxide

c. potassium oxide

propane

d. water

Write formulas that correspond to the following names.

¢. dibromine monoxide

d. nitrogen monoxide

Write formulas that correspond to the following names.

d. sodium carbonate
e. chromium(I1l) chloride

f. sodium hydrogen phosphate

The Key Ideas section gives the

reader an opportunity to review
the most important ideas from

the chapter.

I Key ldeas

—

each blank.
above
charge
chemical bonds
coefficients
complete formula
continuous
converted into
created
delta, A
destroyed
equal to
gas
homogeneous mixture
left out
liquid

major

Complete the following statements by writing one of these words or phrases in

minor
negative

none

organized, repeating
partial charges
positive

precipitate
precipitates
precipitation

same proportions
separate ions
shorthand description
solute

solvent

subscripts

very low
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Chapter 5 | Acids, Bases, and Acid-Base Reactions

>

The comprehensive list of
Chapter Objectives at the
end of each chapter
identifies the key skills
taught within the
chapter (in the same
logical order as in the
chapter) so that students
can concentrate on
learning the most
important material.

The number of each
objective appears in the
margin next to the text
where that objective is
described. Many of the
end-of-chapter problems
are also accompanied by
references to the
corresponding objectives.

l Chapter Objectives

The goal of this chapter is to teach you to do the following.

1. Define all of the terms in the Chapter Glossary.

Section 5.1 Acids

2. Identify
3 Descid In-chapter Examples provide |
s wenity|  the reader with models for b
how to complete important | ..
Chapter 5 | Acids, Bases, and Acid-Base Reactions PTOb'emS- bid, is

CEE RN

S~

OBJECTIVE 31

OBJECTIVE 31

Exampie 5.8  Bronsted-Lowry Acids and Bases

Identify the Bronsted-Lowry acid and base for the forward reaction in each of
the following equations.
HCIO(ag) + NalO(ag) —
HS (aq) + HF(aq) — H,S (aq) + F~(aq)

»

HIO(q) + NaClO,(aq)

o

HS™(aq) + OH™(ag) — S*(ag) + HO()
H3AsO4(aq) + 3NaOH(aq) — Na:AsOj4(aq) + 3H,0())

a

Solution

a. The HCIO; loses an H* ion, so it is the Bronsted-Lowry acid. The 0™ in the
NalO gains the H* ion, so the NalO is the Bronsted-Lowry base.

b. The HF loses an H* ion, so it is the Bronsted-Lowry acid. The HS™ gains the
H* ion, so it is the Bronsted-Lowry base

¢. The HS™ loses an H* ion, so it is the Bronsted-Lowry acid. The OH™ gains
the H* ion, so it is the Bronsted-Lowry base.

d. The H3AsOj loses three H* ions, so it is the Brensted-Lowry acid. Each OH™
in NaOH gains an H* ion, so the NaOH is the Brensted-Lowry base.

Identify the Bronsted-Lowry acid and base in each of the following equations.
a. HNO,(aq) + NaBrO(ag) — HBrO(ag) + NaNO,faq)

b. H,AsO; (aq) + HNOy(aq) = H;AsOy(aq) + NO,™(aq)

¢. HyAsO;™(ag) + 20H (aq) — AsO; " (aq) + 2H,O(l)

I Chapter Glossary

Hydronium ion H,0*.
Arrhenius acid  According to the Arrhenius theory, any substance that generates
hydronium ions, Hy0*, when added to water.

Acidic solution
H.0*

A solution with a significant concentration of hydronium ions,

5.10 Bransted-Lowry Acids and Bases ~S——

lduce fewer H30" ions in water than strong
umbers of acid molecules are added to equal

ng monoprotic acids: HCI and HNO;.
brotic strong acid.
bulfuric acid is added to water.

any acid, identify it as a strong or a weak acid.

land formulas for binary acids and oxyacids.

Nomenclature

rmula, tell whether it represents a binary ionic
nd with polyatomic ion(s), a binary covalent
an oxyacid.

and chemical formulas for binary ionic

Hs with polyatomic ion(s), binary covalent

d

A Chapter Glossary of
new terms at the end
of each chapter
makes it easy for the
reader to learn these
terms and provides a
brief review of the
chapter information.
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Chapter 14 | Liquids: Condensation, Evaporation, and Dynamic Equilibrium

The Examples are followed
by similar Exercises that
provide the reader with an
opportunity to test their
skills. The answers for these
Exercises are in the back of
the book, and the complete
solutions are in the Student
Study Guide.

Ehapter Problems

Dynamic Equilibrium

Section 14.1 Change from Gas to Liquid and from Liquid to Gas—An Introduction to

OBJECTIVE 2 batch of corn whiskey is being made in a backwoods still. The ingredients
are hixgd and heated, and because the ethyl alcohol, C;HsOH, evaporates
more rapicHy
mixture is enric! A &
the liquid it forms ha¥ This text is full of real-world
mixture. Describe the subn .
C,HsOH is converted into examples, both in the chapter
from a high-temperature gd . -
40, Why isdew moreikely o | NArFative and in the problems.
the changes that take place
41. Acetone, CH;COCH3, isa l The Chapter PrOb;ems nOt Only
nail polish remover. test readers on specific skills,
OBJECTIVE 3 a. Describe the submicros;

liquid acetone when it

o

Do all of the acetone m
liquid escape? If not, w!
molecule to escape fron
phase?

OBJECTIVE 4

OBJECTIVE S

. If you spill some nail p
feel cold. Why?

OBJECTIVE 7 d. If you spill some acetor Chem [cals_
rapidly than the same af
OBJECTIVE S e. If you spill acetone on -

but they also teach them how
chemicals are made, how
substances are used, and some
of the issues that relate to

more quickly than the same amount of acetone spilled on the cooler lab

bench. Why?

42. Consider two test tubes, each containing the same amount of liquid acetone.
A student leaves one of the test tubes open overnight and covers the other
one with a balloon so that gas cannot escape. When the student returns to the
lab the next day, all of the acetone is gone from the open test tube, but most

of it remains in the covered tube.

®

other.

the rate of condensation the same in both test tubes? Explain your

answer.

OBIECTIVE 10
a constant amount of liquid and vapor.

DBJECTIVE 12
ing an initial increase in pre

-

Explain why the acetone is gone from one test tube and not from the

Was the initial rate at which liquid changed to gas (the rate of evapora-
tion) greater in one test tube than in the other? Explain your answer.

. Consider the system after 30 minutes, with liquid remaining in both test
tubes. Is condensation (vapor to liquid) taking place in both test tubes? Is

. Describe the submicroscopic changes in the covered test tube that lead to

2. The balloon expands slightly after it is placed over the test tube, suggest-
re in the space above the liquid. Why?
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SeeciaL Toric 13.1

United States industries use an estimated 1.5 billion
liters of paints and other coatings per year, and much of
this is applied by spraying. Each liter sprayed from a
canister releases an average of 550 grams of volatile
organic compounds (VOCs), including hydrocarbons,
alcohols, esters, and ketones. Some of these VOCs are
hazardous air pollutants.

The mixture that comes out of the spray can has two
kinds of components: (1) the solids being deposited on
the surface as a coating and (2) a solvent blend that
allows the solids to be sprayed and to spread evenly.
The solvent blend must dissolve the coatings into a
mixture that is thin enough in consistency to be easily
sprayed. But a mixture that is thin enough to be easily
sprayed will be too runny to remain in place when
deposited on a surface. Therefore, the solvent blend
contains additional components so volatile that they
will evaporate from the spray droplets between the time
the spray leaves the spray nozzle and the time the spray
hits the surface. Still other, slower-evaporating compo-
nents do not evaporate until after the spray hits the
surface. They remain in the coating mixture long
enough to cause it to spread out evenly. Because the
more volatile solvents have escaped, the mixture that
hits the surface is thick enough not to run or sag.

The Clean Air Act has set strict limitations on the
emission of certain VOCs, so safer solvents are needed
to replace them. One new spray system has been devel-
oped that yields a high-quality coating while emitting as
much as 80% fewer VOCs of all types and none of the
VOCs that are considered hazardous air poll This
system is called the supercritical fluid spray process, The
solvent mixture for this process still contains some of
the slowly evaporating solvents that allow the coating
to spread evenly, but it replaces the rapidly-
evaporating solvents with high-pressure CO;.

Some gases can be converted into liquids at room
temperature by being compressed into a smaller
volume, but for each gas, there is a temperature above

¢ 2 2 T

i

Special Topics in each chapter describe important
issues relating to chemistry, including environmental

A Greener Way to Spray Paint

By taking advantage of the properties of gases at high
temperatures and pressures, scientists have invented a
new, environmentally friendly spray-painting process.

issues and health-related applications. Several of
these Special Topics describe the achievements of
"green chemistry” (or environmentally benign
chemistry), which has as its goal the development
of new ways to produce, process, and use chemicals
so as to reduce the risks to humans and to

the environment.

besoceosvss.

The critical temperature of CO, is 31 °C. AY
temperature, carbon dioxide can be compressg
very high-pressure and relatively high-density 210
critical fluid. Like a liquid, the supercritical caj
ide will mix with or dissolve the blend of coat]
low-volatility solvent to form a product that i
enough to be sprayed easily, in very small dro)
supercritical CO; has a very high volatility, so
rates from the droplets almost immediately aff
are emitted from the spray nozzle, leaving a nf
that is thick enough not to run or sag when it
surface. The mixture is sprayed at temperaturg
50 °C and a pressure of 100 atm (about 100 tin]
room pressure).

Because carbon dioxide is much less toxic
VOCs it replaces and because it is nonflammal
relatively inert, it is much safer to use in the
It is also far less expensive. Moreover, the CO.
obtained from the production of other chemicy
new process does not lead to an increase in cal
ide in the atmosphere. In fact, because the VO

f Sl e e

chemical changes.

Many features of the book help students [t
develop the ability to visualize the models
that chemists use for describing the e
structure and behavior of matter. The /
reader is continually encouraged, with the
aid of colorful and detailed illustrations, | |
to visualize particle movements and
particle interactions that accompany

adecrd

iamos,
ng, Spre
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Figure 5.14
Hydronium and Hydroxide lons

QOBJECTIVE 233

Chapter 5 | Acids, Bases, and Acid-Base Reactions

This proton, H*, is transferred to a hydroxide ion.

H,0*(ag)

Q

L
T
|

v

2H,0(1)

Figure 5.15
After Reaction of Nitric Acid
and Sodium Hydroxide

Nitrate ion, NO;™

After the reaction
between nitric acid and
sodium hydroxide,

A\— hydroxide ions, OH™,
and hydronium ions,
H;0%, have combined to
form water, H,O.

The sodium ions, Na*,
and the nitrate ions,
NO;~, remain in solution
in the same form they were
in before the reaction

Sodium ion, Na*

13.1  Gases and Their Properties 537

i not actively participate in the reaction. In other

Figure 13.4
Relationship Between Temperature and Pressure

Increased temperature

xviii

e

Increased temperature leads to increased pressure

if the moles of gas and the volume are constant.

Increased average velocity of
OBIECTIVE 106 . P
the gas particles
Piston locked A constant amount

in position of gas Increased force

Increased number of
collisions with the walls per collision
Constant
volume S

Increased total force of collisions
Heat
Increased
temperature

added
— force due to collisions

> Increased area of wall

Increased gas pressure

bns, so they are left out of the net ionic chemical
tion for the reaction is therefore

— 2H,0()

bit of describing reactions such as this in terms
len though hydrogen ions do not exist in a water
I that sodium ions do. When an acid loses a
proton immediately forms a covalent bond to
it forms a covalent bond to a water molecule to
on. Although H;0* is a better description of

The Relationship Between Volume and Temperature

Consider the system shown in Figure 13.5 on the next page. To demon-
strate the relationship between temperature and volume of gas, we must
keep the moles of gas and the gas pressure constant. If our valve is closed
and our system has no leaks, the moles of gas are constant. We keep the gas
pressure constant by allowing the piston to move freely throughout our
experiment, because then it will adjust to keep the pressure pushing on it
from the inside equal to the atmospheric pressure pushing on it from the
outside. The atmospheric pressure is the pressure in the air outside the
container, which acts on the top of the piston because of the force of colli-
sions between particles in the air and the surface of the piston. We can
assume that it is constant throughout our experiment.

If we increase the temperature, the piston in our apparatus moves up,
increasing the volume occupied by the gas. A decrease in temperature
leads to a decrease in volume.

OBJECTIVE 10¢

Increased temperature — Increased volume OBJECTIVE 10¢
Decreased temperature — Decreased volume

The increase in temperature of the gas leads to an increase in the average
velocity of the gas particles, which leads in turn to more collisions with the

Figures throughout the
text illustrate important
ideas and act as constant
reminders of the particle
nature of matter. Key
concepts are often
summarized with logic
sequences that show how
one component of an
explanation leads logically
to the next.

walls of the container and a greater force per collision. This greater force
acting on the walls of the container leads to an initial increase in the gas
pressure. Thus, the increased temperature of our gas creates an internal
pressure, acting on the bottom of the piston, that is greater than the exter-
nal pressure acting on the top of the piston. The greater internal pressure
Aaiians e irdtnn h Pantiasin Tnsraastans thavaliimme of s fhambhat Tha

OBJECTIVE 10¢
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like the situation depicted in Figure 16.6, where a rolling ball rolls back
down the same side of a hill it started up.

If a rolling ball does not have Figure 16.6
enough energy to get to the ¥ Not Enough Kinetic Energy
top of a hill, it stops and to Get Over the Hill

rolls back down.

sessnsssscasnes

oBiECTIVE S A variety Of art,
combining photos
and illustrations,

The activation energy for the oxygen—ozone reaction is 17 k] /mole O, If h'ghhght the key
the collision between reactants yields a net kinetic energy equal to or
greater than the activation energy, the reaction can proceed to products Concepts.
(Figure 16.7). This is like a ball rolling up a hill with enough kinetic energy
to reach the top of the hill, from which it can roll down the other side /

(Figure 16.8).

Figure 16.7

Collision Energy

and Activation Energy
Particles that collide

with a net kinetic 0

energy less than - ;
the activation

energy cannot react. >

OBJECTIVE 6

Particles that collide
with a net kinetic
energy greater
than the activation
energy can react.

Figure 16.8
Ball with Enough Kinetic Energ
to Get Over the Hill

1f a ball reaches the top of a
hill before its energy is
depleted, it will continue
down the other side.
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The bonds between oxygen atoms in O, molecules are stronger and

more stable than the bonds between atoms in the ozone molecules, s
a_anarau ic ral d_in _tha i £ il s bande tha

6.3 Types of Chen\cal Reactions 24¢

reprfsent the combustion reactions fog methane, the primary component

284 Chapter 7 | Energy and Chemical Reactions atural gas, and hexane, which is fofind in gasoline.

CH,(g) +205(8) — COxg) + 241,0())

Figure 7.5 '
's‘falf,ﬂﬂss:,'& Bt < Tess stable 2CHyy(l) + 1904(g) — 12COu) + 14H,0(1)
Potential Energy * Higher potential energy
| The complete combustion of a sulfstance, such as ethanol, C;HsOH, that
contains carbon, hydrogen, and oyygen also yields carbon dioxide and
OBJECTIVE 6 * More stable water.

* Lower potential energy

C,H:OH() +304(8) — 2CQh(g) + 3H,0()

Combustion reactions include
oxygen as a reactant and are

When any substance that containg suljur burns completely, the sulfur forms accompanied by heat and usually
sulfur dioxide. For example, when methanethiol, CH;SH, burns completely, light.
it forms carbon dioxide, water, ahd sulfur dioxide. Small amounts of this
strong-smelling substance are added to natural gas to give the otherwise OBJECTIVES

odorless gas a smell that can be fletected if a leak occurs (Figure 6.3).

CHISH(g) +30:(5) — GOa(g) + 2H,0() + SOx(g)

Figure 6.3

Odor to Natural Gas

The methanethiol added to natural gas warns us when
there is a leak.

the more stable atoms in the bond. For example, the first ftep in the forma-
tion of ozone in the earth’s atmosphere is the breaking of ghe oxygen-oxygen
OBJECTIVE 7 covalent bonds in more stable oxygen molecules, O,/to form less stable
separate oxygen atoms. This change could not occuy without an input of
considerable energy—in this case, radiant energy grom the sun. We call
changes that absorb energy endergonic (or endogoplic) changes (Figure 7.6).

The following sample study sheet lists the steps for writing equations

Figure 7.6 A T A
of attraction for combustion reactions.

Endergonic Change

+ _WEnergyl -

- Aw\ergy?} — lés;: alable

OBJECTIVE S 3 . SRS SAMPLE STuDY Tip-0FF You are asked to write an equation for the compl bustion of a
+ .,ﬁ&!ermA = higher PE. SHEET 6.2 substance composed of one or more of the elements carbon, hydrogen, oxygen,
ssaEg Writing Equations and-salfur.
+ ‘mnerml." — separate atoms, for Combustion GENERAL STEFs

Reactions
. Ster 1 Write the formula for the substance combusted.
Oy(g) + radiantenergy —  O(g) + O(g) OBJECTIVE 8 Step 2 Write O,(g) for the second reactant.

) Q9

The attraction between the separated atoms makes it possible that they
will change from their less stable separated state to the more stable bonded
state. As they move together, they may bump into and move something
(such as another atom), so the separated atoms have a greater capacity to
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SAMPLE STuDY Tie-orF When you analyze the type of unit you have and the type of unit you
SHEET 9.1 want, you recognize that you are converting between a unit associated with an
element and a unit associated with a compound containing that element.

Converting Between
Mass of Element and
Mass of Compound

This text helps students
get organized by providing

GeneraL STeps The following general procedure is summarized in Figure 9.3.

Containing the ® Convert the given unit into moles of the first substance. P
Element This step often requires converting the given unit into grams, after which the Sa m ple Study Sheets
grams can be converted into moles using the molar mass of the substance.
BRlECTVES ® Convert moles of the first substance into moles of the second substance fOI' many Of the taSkS they

using the molar ratio derived from the formula for the compound.

You convert either from moles of element into moles of compound or WI” be eXPECtEd to do on
from moles of compound into moles of element. exams Each Study Sheet

® Convert moles of the second substance into the desired units of the second

substance. describes how to recognize

This step requires converting moles of the second substance into grams of

the second substance using the molar mass of the second substance, after as Eciﬁc kind Of taSk
hich th by 4 d i T fi t

which the grams can be converted into the specific units that you want. (,,T. v

ip-off") and breaks
ExampLe See Example 9.6.
I the task down into general
’ igure 9.
Any unit of an element General Steps for steps-

Converting Between

the Mass of an Element

and the Mass of a Compound
Containing the Element

The calculation can be set up to

i Grams of element convert from the mass of an element
| to the mass of a compound (top to
bottom) or from the mass of a
compound to the mass of an element

' ‘ Using conversion factors from Chapter 8

from atomic mass (atomic mass) g element (bottom to top)

t ‘ Using molar mass derived (

OBJECTIVE 15

Moles of element
I Using the mole ratio from _lmolcompound
‘ the compound’s formula  \(number of atoms in formula) mol element
0 \ SRR A
P '8 e

' & Using molar mass derived ((formula mass)
i from formula mass T mol compound

Grams of compound

t ‘ Using conversion factors from Chapter 8

A Brief Introduction
to Unit Conversions

Any it of 2 compound

B BOTH DESCRIBE THE PROCEDURES for doint
f oaing:a 14.1 Common Unit

Conversions

useful in chemistry, but the inter-chapter does so

aps you are wondering why the inter-chapter is here
14.2 Rounding Off and
Significant Figures

ly ways to teach introductory chemistry. This text has
rse begins the coverage of chemical principles right
topics until mid-semester. Aithough many chemistry

U n it co nve rs i o n s Instructors believe in covering the math-related topics

for each approach. The fiexible organization of this text
e course topics in the way that they

ve is best
ble approaches to learning chemistry's math-related
uss unit conversions until the middle of the course,

ncepts first. These teachers will tell you not to read

" X 1 X X ik iz il ” y E a brief introduction to unit conversions early in the
e casiest of s ohich is s p one’s br
[M]athematics . .. is the casiest o/’sutncc.s, a fact which is obvious in that no one’s brain a1  Dimersional e CoraIGAS i ST A bO RSy SEasion. dAIE

rejects it .. Analysis
1294)

t of the subject until later. If your instructor falls into

8.2 Rounding Off and \ text, including this inter-chapter, in the order in
Significant Figures ts a broader coverage of the math-related topics

Stand firm in your refusal to remain conscious during algebra. b )
: 3 : 83  Density an
In real life, | assure you, there is no such thing as algebra. Dmmz ritten in such a way that yol

5 1951 Calculations pe instructors will 3;

e or two of the sections in

8.4  Percentage and
\ OU MAY AGREE WITH ROGER BACON THAT MATHEMATICS IS THE EASIEST OF SCIENCES Percentage structor

but many beginning chemistry students would not. Because they have found mathematics Calculations This text ta kES a flexible approach to

challenging, they wish it were not so important for learning chemistry—or for answering so

8.5 A Summary . .
many of the questions that arise in everyday lf. They can better relate to Fran Lebowit's of the Dimensional the coverage of chemical calculations.
advice in the second quotation. If you are one of the latter group, it will please you to know that Analysis Process i o .
= Al r assume:
even though there is some algebra in chemistry, this chapter teaches a technique for doing chemical 8.6 Temperature cc;«:uy Chapter 8 provldes a comprehens“le
calculations (and many other calculations) without it. The technique is called dimensional analysis, Conversions read the | treatment Of unit COﬂVEI’SiOﬂS

You will be using it throughout the rest of this book, in future chemistry and science courses,

and any time you want to calculate the number of nails you need to build a fence or the

ding immediately before these

¢ | calculations are used in the chemical
e | caleulations described in Chapters 9

s | and 10. Inter-Chapter 1A provides a
.. | briefer introduction to dimensional

scen’t ganalysis and unit conversions. See the

number of rolls of paper necessary to cover the kitchen shelves.

Review Skills

The presentation of information in this chapter assumes that you can already perform the
tasks listed below. You can test your readiness to proceed by answering the Review Questions
at the end of the chapter. This might also be a good time to read the Chapter Objectives, which
precede the Review Questions.

® List the metric base units and Iht‘conesponmng ® Define temperature and Sectlon in the Preface tltled Flexible

abbreviations for length, mass, volume, energy, and describe the Celsius,
gas pressure. (Section 1.4) Fahrenheit, and Kelvin Order of Math-Related Topics for a

® State the numbers or fractions represented by the scales used to report its - a 3
following metric prefxes, and wite their abbrevia- values, (Section 14 description of the options that these
tions: giga, mega, kilo, centi, milli, micro, nano, and = Given a value derived from e
pico. (Section 1.4) a measurement, identify the two Chapters prOV|de'

= Given a metric unit, write its abbreviation; given an ab- range of possible values
breviation, write the full name of the unit. (Section 1.4) represents, on the basis of the assumption that its

= Describe the relationships between the metric units uncertainty is %1 in the last position reported. (For
that do not have prefixes (such as meter, gram, and example, 8.0 mL says the value could be from 7.9 mL

xx liter) and units derived from them by the addition of to0 8.1 mL) (Section 1.5)

prefixes—for example, 1 km = 10" m. (Section 1.4) 319
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Supplements to This Book

Instructor’'s Supplements

Instructor’s Manual and Complete Solutions
(0-8053-3215-4)

The Instructor’s Manual has complete solutions to all of the
in-chapter exercises and all of the end-of-chapter problems.
It also contains suggestions for using the book most effi-
ciently, possible variations in the order of coverage, lists of
topics that can be skipped without causing problems for the
coverage of later topics, and lists of the available computer
tools for each chapter.

Printed Test Bank (0-8053-3213-8)
This printed test bank includes over 1500 questions that
correspond to the major topics in the text.

Computerized Test Bank (0-8053-3214-6)
This dual-platform CD-ROM includes over 1500 questions
that correspond to the major topics in the text.

Benjamin Cummings Science Digital Library
(0-8053-3209-X)

The CD-ROM provides instructors a wealth of illustrations
for incorporation into lecture presentations, student materi-
als, and tests.

Transparency Acetates (0-8053-3212-X)
Includes 125 full-color acetate transparencies.

Instructor’s Manual for Lab Manual (0-8053-3217-0)

Student’s Supplements

Study Guide and Selected Solutions (0-8053-3211-1)

Each chapter in the Study Guide contains introductions to
every section in the corresponding text chapter, a checklist
to help students study efficiently, lists of important skills to
master, a concept map to help students visualize the
connections among the chapter topics, solutions to the in-
chapter exercises, and solutions to selected end-of-chapter
problems.

Laboratory Manual (0-8053-3217-0)

This introductory chemistry Laboratory Manual, written to
accompany the Bishop text, contains 25 labs. It is designed
to help students develop data acquisition, organization, and
analysis skills while teaching basic techniques. Students
learn to construct their own data tables, answer conceptual
questions, and make predictions before performing experi-
ments. They also have the opportunity to visualize and
describe molecular level activity and explain the results.

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 support. Tailored to the
Bishop textbook, the site includes detailed objectives for
each chapter of the text, interactive activities featuring
simulations, animations, and 3D visualization tools,
multiple-choice and glossary quizzes, and an extensive set
of Web links. For instructors, a Syllabus Manager makes it
easy to create an online syllabus complete with weekly
assignments, projects, and test dates that students may
access on the ChemPlace site.
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The Chemistry Place, Special Edition for Bishop,
allows students to learn chemistry in an inter-

active environment, helping to consolidate and
enhance important skills.
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