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Preface

In writing this book, my goal was to create the finest available introductory
text on general, organic, and biological chemistry. The book is designed for use
in a one-term college course for students with no prior preparation in chemistry.
It is also well suited for a two-quarter or two-semester course.

In addition to the careful pedagogy that should be expected of any intro-
ductory text, this book includes many special features that set it apart.

CONTENT AND EXPOSITION

Writing Great care has gone into the writing of this book, and every attempt
has been made to make it as lucid and readable as possible. Paragraphs begin
with summary sentences, transitions between topics are smooth, and new con-
cepts are introduced only as needed. Explanations are concise and to the point;
the focus is on the essentials.

Applications Each chapter includes a brief discussion of some special topic
that shows how the material presented in the chapter is relevant to a specific

biological or medical application.

Chapter 1  Measuring Percent Body Fat

Chapter 2 Chernobyl and Cesium

Chapter 3  Biologically Important Ions

Chapter 4  Mercury—Reactivity and Toxicity

Chapter 5  Inhaled Anesthetics

Chapter 6  Gout and Kidney Stones—Problems in Solubility
Chapter 7 Ulcers and Antacids

Chapter 8  Displaying Molecular Shapes

Chapter 9  The Chemistry of Vision

Chapter 10 Morphine Alkaloids

Chapter 11 Chemical Warfare among the Insects

Chapter 12 Thiol Esters—Biological Carboxylic Acid Derivatives
Chapter 13 Cell-Surface Carbohydrates

Chapter 14 Cholesterol and Heart Disease

Chapter 15 Protein and Nutrition

Chapter 16 Medical Use of Enzymes—Isoenzymes

Chapter 17 Viruses

Chapter 18 Barbiturates

Chapter 19 Diabetes, A Metabolic Disorder

Chapter 20 Medical Uses of Radioactivity

Xv
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Interludes Each chapter ends with a brief Interlude extending the material
of the chapter into a broader context: ecological, clinical, social, or technological.

Chapter 1  Powers of Ten

Chapter 2 Are Atoms Real?

Chapter 3  Diamond and Graphite

Chapter 4  Regulation of Body Temperature

Chapter 5  Blood Pressure

Chapter 6  Dialysis

Chapter 7 Acid Rain

Chapter 8  Petroleum

Chapter 9  Alkene Polymers

Chapter 10 Chlorofluorocarbons and the Ozone Layer

Chapter 11 A Biological Aldol Reaction

Chapter 12 Nylons and Polyamides

Chapter 13 Sweetness

Chapter 14 Chemical Communication

Chapter 15 Determining Protein Structure

Chapter 16 Penicillin, the First Antibiotic

Chapter 17 Recombinant DNA

Chapter 18 Diets, Babies, and Hibernating Bears

Chapter 19 Exercise and Weight

Chapter 20 Archaeological Radiocarbon Dating
Currency Coverage is up to date throughout the book—particularly in the

Sphingosine

biological chapters, where new breakthroughs seem to occur almost daily. DNA
sequencing (Section 17.10), recombinant DNA technology (Interlude, Chapter
17), prostaglandins (Section 14.10), cell-surface carbohydrates (Application,
Chapter 13), chlorofluorocarbons and the ozone layer (Interlude, Chapter 10),
and diagnostic imaging techniques (Interlude, Chapter 20) are among the cur-
rently exciting topics treated in this book.

GRAPHICS

Color Full color has been used throughout this book, not only to make it
attractive but to serve important pedagogical purposes. Many topics, especially
in organic and biological chemistry, become much clearer when the reacting
portions of complex molecules are color coded.

A sugar
¢/ A glycoside link
CH,OH An amide link
OH e} .
O—CH,; O
OH |
CH- NH—C(CH,),,CH;

OH CH —OH \A fatty acid
|

Sphingosine CH=—CH(CH,,),,CH,;

A cerebroside (a glycolipid)
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Important groups, such as phosphate, are colored consistently throughout the
text so that students can recognize them more quickly and relate material
presented in different chapters. Moreover, in the chapters on bioenergetics (Chap-
ters 18 and 19), energy rich forms of compounds, such as ATP and reduced
coenzymes, are depicted in red, whereas their lower energy counterparts, such
as ADP and oxidized coenzymes, are represented in blue.

Step 1. Acetyl CoA adds to oxaloacetic
acid in an aldol reaction (Section 11.7),
and the bond to coenzyme A is hydrolyzed

?l) to yield citric acid.
; ; CH3—C
Oxaloacetic acid :
-_H—COA
COOH (|:OOH Citric Acid
|
e CH
=0 2 Step 2. Citric acid is
Step 8. The cycle of CH> HO—([I—COOH isomerized by transfer of
reactions is completed | the OH group to yield
by oxidation of malic COOH CHy isocitric acid.
acid to regenerate NADH/H COOH
oxaloacetic acid. (‘TOOH
NAD" CH»
Malic acid CO0H H(II—COOH
] | Isocitric acid
HO (fH HO—CH
G2 COOH
COOH itric-aci
Step 7. Addition of water Citric-acid NAD? - _
to the double bond of cycle Step 3. Isocitric acid loses
fumaric acid yields CO; and is oxidized to
malic acid. H20 NADH/H yield a-ketoglutaric acid.
?OOH + COz
Fumaric acid || e
umaric aci Hcl o + NAD* C'Hz
COOH FAD it y NADH/H CHy  «a-Ketoglutaric acid
uccinic aci
Step 6. Two hydrogens are + CO2 (Ij=o
removed from succinic § ?00!‘1 S COOH
acid to yield fumaric acid. e CHa -H—-CoA
The coenzyme FAD is | - H,0 (I;Hz
needed in this reaction. CHy = | Step 4. a-Ketoglutaric
(|IOOH (l:HZ acid reacts with
. . f C=0 coenzyme A and loses CO,
Step' 2 SUCF".‘V' C.OA is liydrolyzed ATP ADP to yield succinyl CoA.
to give succinic acid plus CoA. An CoA
ADP molecule is also converted into
ATP by an indirect series of steps. Succinyl CoA

Figure 18.6
The citric-acid cycle, an eight-step series of reactions whose net effect is the metabolic
breakdown of acetyl groups (from acetyl CoA) into two molecules of carbon dioxide

plus energy.

Computer-Generated Structures Computer-generated molecular models are
used extensively in the organic and biological chapters, both for their accuracy
in portraying the three-dimensional structures of molecules and for their visual

appeal.
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Figure 14.3

Molecular model of an
unsaturated triglyceride. The
double bond (arrow) prevents the
molecule from adopting a regular
shape and crystallizing easily.

PROBLEM SOLVING

Solved Problems Eighty-two fully worked-out sample problems are used in
the text to demonstrate methods of solving commonly encountered types of
problems.

Practice Problems Solved problems are always followed by related practice
problems for students to solve. Most text sections conclude with additional
practice problems to provide an immediate test of understanding. The book
includes a total of 245 practice problems, answers to all of which are provided
in a section at the end of the text.

Solved Problem 9.4

Solution

What product would you expect from the following reaction?

CH,
CH,CH,C—CHCH, + HCI — ?

We know that reaction of an alkene with HCl leads to formation of an alkyl
chloride addition product. The question here is which of two possible products
will form. To make a prediction, look at the starting alkene, and count the
number of hydrogens already attached to each double-bond carbon. Then
write the product by attaching H to the carbon that already has more hy-
drogens and attaching CI to the carbon that has fewer hydrogens.

CH, CH;
CH3CH2C‘3 CHCH; + HClI — CH3CH2(|3*CH2CH3
("I
No hydrogens on One hydrogen already 3-Chloro-3-methylpentane
this carbon, so on this carbon, so

('] attaches here. H attaches here.
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Practice Problems 9.7

9.8

What products would you expect from these following reactions?
(a) cyclohexene + HBr —— ? (b) 1-hexene + HCI —— ?

(¢) (CH,),CHCH=CH, + HI — ?  (d) O:CHZ +HC — 2

What alkenes are the following alkyl halides likely to have been made from?
(Be careful, there may be more than one answer.)
(a) 3-chloro-3-ethylpentane (b) (CH,;),CHCBr(CH,),

Ballpark Answers to Problems In addition to the standard factor-label
method used throughout for solving numerical calculations, the idea of first
getting an approximate or “ballpark” answer is taught. This method serves not
only as a test of understanding specific concepts but also as a useful device for
developing general intellectual skills.

Solved Problem 7.6

Ballpark Solution

Solution

When a 5.00 mL sample of household vinegar (dilute aqueous acetic acid)
was titrated, 44.5 mL of 0.100 M NaOH solution were required to reach the
end point. What is the acid concentration of vinegar?

Since the volume of base required to neutralize the acid sample is about nine
times the volume of the sample (44.5 mL versus 5 mL), the concentration of
the acid is about nine times that of the base, or 0.9 M.

First, write the balanced equation for the neutralization to find the number
of moles of base required to neutralize each mole of acid. In this example,
the mole ratio of base to acid is 1:1.

CH,COOH + NaOH — CH,COO Na* + H,0

Next, calculate how many moles of NaOH are consumed in the titration:

0.100 moles NaOH 1.k

44 5mE x 5> X 1000 E

= (.00445 moles NaOH

Since the balanced equation says that each mole of NaOH reacts with
one mole of acetic acid, the 5.00 mL sample of vinegar must contain 0.00445
moles of acetic acid:

0.00445 moles CH;COOH N 1000E
5.00=mE 1L

Acetic acid concentration =

=0.800 M

Thus, the acetic acid concentration in vinegar is 0.890 M, very close to
the ballpark answer.
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Practice Problems

7.9

7.10

In order to determine the concentration of an old bottle of aqueous HCI whose
label had become unreadable, a titration was carried out. What is the HCI
concentration if 58.4 mL of 0.250 M NaOH was required to titrate a 20.0 mL
sample of the acid?

How many mL of 0.150 M NaOH are required to neutralize 50.0 mL of
0.200 M H,S0,?

Review Problems Nearly 1000 review problems are provided at the ends of
chapters. These are classified by subject; in addition, there is a section of un-
categorized problems for each chapter. Answers to selected review problems are
given at the end of the book.

PEDAGOGY

Goals Each chapter begins with a brief introductory overview, followed by
a list of goals for the student to keep in mind while studying.

Marginal Definitions Key terms are boldfaced in the text, and the definition
of each term is repeated in the margin for easy review. In addition, a complete
glossary of terms is provided at the end of the book.

Summaries All chapters end with clear, concise summaries that recapitulate
the key points in the text, with important terms in boldface.

Appendices A review of exponential notation, a table of commonly used
conversion factors, and a discussion of the concepts of accuracy and precision
in measurement are provided in appendices.

SUPPLEMENTS

Study Guide and Solutions Manual A carefully prepared Study Guide and
Solutions Manual accompanies this text. Written by Susan McMurry, this com-
panion volume answers all in-text and end-of-chapter problems and explains
in detail how the answers are obtained. In addition, study hints and self-test
materials for each chapter are included.

Instructor’s Manual The Instructor’s Manual, written by the author, includes
lecture suggestions and teaching tips, suggested readings, and approximately
500 test questions.

Laboratory Manual The Laboratory Manual, developed by Scott Mohr and
his associates at Boston University, has been class tested for 12 years.

Instructor’s Manual to the Laboratory Manual This supplement provides
information on reagents and equipment needed for the laboratory experiments,
along with answers to any questions in the Laboratory Manual.
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Transparency Set A set of 60 transparencies of the most important figures
and tables in the text is available free with adoptions of 100 or more copies.

For more information on supplements, contact your local Prentice Hall sales
representative.
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A Note to the Student

We have the same goals. Yours is to learn chemistry, and mine is to do everything
possible to help you learn. It’s going to take some work on your part, but the
following suggestions should prove helpful.

Don’t read the text immediately. As you begin each new chapter, look it
over first. Read the introductory paragraphs and familiarize yourself with the
chapter goals. Find out what topics will be covered, and then turn to the end
of the chapter and read the summary. You'll be in a much better position to
learn new material if you first have a general idea of where you're going.

Work the problems. There are no shortcuts here; working problems is the
only way to learn chemistry. The sample problems show you how to approach
the material, the in-chapter practice problems provide immediate practice, and
the end-of-chapter problems provide additional drill. Answers to the in-chapter
practice problems and selected review problems are given at the end of this
book; full answers and explanations for all problems are given in the accom-
panying Study Guide and Solutions Manual.

Use the study guide. The Study Guide and Solutions M anual that accompanies
this text gives complete solutions to all problems. It also provides chapter
outlines, additional study hints, and self-test materials. This material can be
extremely useful when you're working problems and when you’re studying for
an exam. Find out what’s there now so you’ll know where to find it when you
need help.

Ask questions. Faculty members and teaching assistants are there to help
you. Most of them will turn out to be genuinely nice people with a sincere
interest in helping you learn.

Good luck. I sincerely hope you enjoy learning about chemistry and come to

see the beauty and logic of its structure.
John McMurry

xxiii
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