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The fourth edition of General, Organic, and Biochemistry, like
our earlier editions, has been designed to help undergrad-
uate majors in health-related fields understand key con-
cepts and appreciate the significant connections between
chemistry, health, and the treatment of disease. We have
tried to strike a balance between theoretical and practical
chemistry, while emphasizing material that is unique to
health-related studies. We have written at a level intended
for students whose professional goals do not include a
mastery of chemistry, but for whom an understanding of
the principles and practice of chemistry is a necessity.

While we have stressed the importance of chemistry to
the health-related professions, this book was written for all
students that need a one or two semester introduction to
chemistry. Our focus on the relationship between chem-
istry, the environment, medicine, and the function of the
human body is an approach that can engage students in a
variety of majors.

In this text we treat the individual disciplines of inor-
ganic, organic, and biological chemistry. Moreover, we
have tried to integrate these areas to show the interrelated-
ness of these topics. This approach provides a sound foun-
dation in chemistry and teaches students that life is not a
magical property, but rather is the result of a set of chemi-
cal reactions that obey the scientific laws.

Key Features of the Fourth Edition

In the preparation of the fourth edition, we have been
guided by the collective wisdom of over fifty reviewers
who are experts in one of the three subdisciplines covered
in the book and who represent a diversity of experience, in-
cluding community colleges, and four-year colleges and
universities. We have retained the core approach of our
successful earlier editions, modernized material where
necessary, and expanded or removed material consistent
with retention of the original focus and mission of the
book. Throughout the project, we have been careful to en-
sure that the final product is as student-oriented and read-
able as its predecessors.

Specifically, new features of the fourth edition include:

* Chapters 1 and 2 have been rearranged to more
smoothly facilitate students’ transition from
descriptive to quantitative chemistry.

e Twenty new boxed elements, particularly in the
Organic and Biochemistry parts, give students insight
into the modern-day application of various topics.

e Approximately 200 new end-of-chapter questions will
allow instructors greater flexibility in assigning
problems and will give students more opportunity to
test themselves.

* The website and other media supplements, as
described later in this Preface, have been enhanced.
Specifically, the Digital Content Manager, a CD-ROM,
contains electronic files of text figures and tables as
well as PowerPoint lecture slides.

We designed the fourth edition to promote student
learning and facilitate teaching. It is important to engage
students, to appeal to visual learners, and to provide a va-
riety of pedagogical tools to help them organize and sum-
marize information. We have utilized a variety of strategies
to accomplish our goals.

Engaging Students

Students learn better when they can see a clear relationship
between the subject material they are studying and real
life. We wrote the text to help students make connections
between the principles of chemistry and their previous life
experiences and/or their future professional experiences.
Our strategy to accomplish this integration includes the
following;:

* Boxed Readings—"”Chemistry Connection”: We have
crafted introductory vignettes to allow the student to
see the significance of chemistry in their daily lives
and in their future professions.

* Boxed Perspectives: These short stories present real-
world situations that involve one or more topics that
students will encounter in the chapter. The “Medical
Perspectives” and “Clinical Perspectives” relate the
chemistry to a health concern or a diagnostic
application. The “Environmental Perspectives” deal
with issues, including the impact of chemistry on the
ecosystem and the way in which these environmental
changes affect human health. “Human Perspectives”
delve into chemistry and society and include such
topics as gender issues in science and historical
viewpoints.
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In the fourth edition, we have added 20 new boxed
topics and have updated many of the earlier ones. We have
tried to include topics, such as self-tanning lotions and
sugar substitutes, which are of interest to students today.
We have included the most recent strategies for treatment
of AIDS and new information on the use of genetic engi-
neering to treat a variety of genetic diseases.

Learning Tools

In designing the original learning system we asked our-
selves the question, “If we were students, what would help
us organize and understand the material covered in this
chapter?” With valuable suggestions from our reviewers,
we have made some modifications to improve the learning
system. However, with the blessings of those reviewers, we
have retained all of the elements of the previous edition,
which have been shown to support student learning;:

* Learning Goals: A set of chapter objectives at the
beginning of each chapter previews concepts that will
be covered in the chapter. Icons @ locate text
material that supports the learning goals.

* Detailed Chapter Outline: A detailed listing of topic

headings is provided for each chapter. Topics are

divided and subdivided in outline form to help
students organize the material in their own minds.

Chapter Cross-References: To help students locate

the pertinent background material, references to

previous chapters, sections, and perspectives are
noted in the margins of the text. These marginal cross-
references also alert students to upcoming topics that
require an understanding of the information currently
being studied.

Chapter Summary: Each major topic of the chapter is

briefly reviewed in paragraph form in the end-of-

chapter summary. These summaries serve as a mini-
study guide, covering the major concepts in the
chapter.

« Key Terms: Key terms are printed in boldface in the
text, defined immediately, and listed at the end of the
chapter. Each end-of-chapter key term is accompanied
by a section number for rapid reference.

* Summary of Key Reactions: In the organic chemistry

chapters, each major reaction type is highlighted on a

green background. These major reactions are sum-

marized at the end of the chapter, facilitating review.

Glossary of Key Terms: In addition to being listed at

the end of the chapter, each key term from the text is

also defined in the alphabetical glossary at the end of
the book.

Appendix Material: Each Appendix accomplishes

one of two goals: remediation or expansion of

information introduced in the chapter.

The Art Program

Today’s students are much more visually oriented than any
previous generation. Television and the computer repre-

sent alternate modes of learning. We have built upon this
observation through expanded use of color, figures, and
three-dimensional computer-generated models. This art
program enhances the readability of the text and provides
alternative pathways to learning.

* Dynamic Illustrations: Each chapter is amply
illustrated using figures, tables, and chemical
formulas. All of these illustrations are carefully
annotated for clarity.

Color-Coding Scheme: We have color-coded the

reactions so that chemical groups being added or

removed in a reaction can be quickly recognized. Each
major organic reaction type is highlighted on a green
background. The color-coding scheme is illustrated in
the “Guided Tour” section of this book.

* Computer-Generated Models: The students’ ability to
understand the geometry and three-dimensional
structure of molecules is essential to the understanding
of organic and biochemical reactions. Computer-
generated models are used throughout the text because
they are both accurate and easily visualized.

Problem Solving and Critical Thinking

Perhaps the best preparation for a successful and produc-
tive career is the development of problem-solving and crit-
ical thinking skills. To this end, we created a variety of
problems that require recall, fundamental calculations, and
complex reasoning. In this edition, we have used sugges-
tions from our reviewers, as well as from our own experi-
ence, to enhance the problem sets to include more practice
problems for difficult concepts and further integration of
the subject areas.

« In-Chapter Examples, Solutions, and Problems: Each
chapter includes a number of examples that show the
student, step-by-step, how to properly reach the
correct solution to model problems. Whenever
possible, they are followed by in-text problems that
allow the students to test their mastery of information
and to build self-confidence.

¢ In-Chapter and End-of-Chapter Problems: We have

created a wide variety of paired concept problems.

The answers to the odd-numbered questions are

found in the back of the book as reinforcement for the

students as they develop problem-solving skills.

However, the students must then be able to apply the

same principles to the related even-numbered

problems.

Critical Thinking Problems: Each chapter includes a

set of critical thinking problems. These problems are

intended to challenge the students to integrate
concepts to solve more complex problems. They make

a perfect complement to the classroom lecture,

because they provide an opportunity for in-class

discussion of complex problems dealing with daily
life and the health care sciences.




Over the course of the last three editions, hundreds of
reviewers have shared their knowledge and wisdom with
us, as well as the reaction of their students to elements of
this book. Their contributions, as well as our own continu-
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ing experience in the area of teaching and learning science,
have resulted in a text that we are confident will provide a
strong foundation in chemistry, while enhancing the learn-
ing experience of the students.



This text has a complete support package for instructors
and students. Several print and media supplements have
been prepared to accompany the text and make learning as
meaningful and up-to-date as possible.

For the Instructor

« Digital Content Manager: This is the primary
instructor supplement and offers over 300 text images
and nearly 300 PowerPoint lecture slides prepared by
Kim Woodrum at the University of Kentucky. The text
images are full color and can be readily incorporated
into lecture presentations, exams, or classroom
materials. The sets of PowerPoint slides cover all
24 chapters. These slides can be modified according to
instructor preference.

* Instructor’s Manual: Written by the authors and
updated by Patricia DePra, this ancillary contains
suggestions for organizing lectures, additional
“Perspectives,” and a list of each chapter’s key
problems and concepts. The Instructor’s Manual also
contains the test item file and solutions to the even-
numbered problems.

« Transparencies: A set of 100 transparencies is
available to help the instructor coordinate the lecture
with key illustrations from the text.

» Brownstone Diploma computerized classroom
management system: This service includes a database
of test questions, reproducible student self-quizzes,
and a grade-recording program.

Laboratory Resource Guide: Written by Charles H.
Henrickson, Larry C. Byrd, and Norman W. Hunter of
Western Kentucky University, this helpful prep guide
contains the hints that the authors have learned over
the years to ensure students’ success in the laboratory.
* Online Learning Center: A book-specific website is
available to students and instructors using this text.

The website will offer quizzes, key definitions, and

interesting links for the students. The instructor will

find a downloadable version of the Instructor’s

Manual. Also available for the instructor is PageOut,

which allows the instructor to create his or her own

personal course website. The address for the book-
specific website is www.mhhe.com/denniston.

For the Students

Student Study Guide/Solutions Manual: A separate
Student Study Guide/Solutions Manual, prepared by
the authors and updated by Patricia DePra, is
available. It contains the answers and complete
solutions for the odd-numbered problems. It also
offers students a variety of exercises and keys for
testing their comprehension of basic, as well as
difficult, concepts.

Laboratory Manual: Written by Charles H.
Henrickson, Larry C. Byrd, and Norman W. Hunter,
all of Western Kentucky University, Experiments in
General, Organic, and Biochemistry carefully and safely
guides students through the process of scientific
inquiry. The manual features self-contained
experiments that can easily be reorganized to suit
individual course needs.

Schaum’s Outline of General, Organic, and
Biological Chemistry: Written by George Odian and
Ira Blei, this supplement provides students with over
1400 solved problems with complete solutions. It also
teaches effective problem-solving techniques.

How to Study Science: Written by Fred Drewes of
Suffolk County Community College, this excellent
workbook offers students helpful suggestions for
meeting the considerable challenges of a science
course. It offers tips on how to take notes and how to
overcome science anxiety. The book’s unique design
helps to stir critical thinking skills, while facilitating
careful note taking on the part of the student.

Online Learning Center: A book-specific website is
available to students and instructors using this text.
The website offers quizzes, key definitions, and
interesting links for the students. The address for the
book-specific website is www.mhhe.com/denniston.




We are grateful to our families, whose patience and sup-
port made it possible for us to undertake this project. We
are also grateful to our many colleagues at McGraw-Hill
for their support, guidance, and assistance.

A revision cannot move forward without the feedback
of professors teaching the course. The reviewers have our
gratitude and assurance that their comments received seri-
ous consideration.

The following professors provided reviews, partici-
pated in a focus group, or gave valuable advice for the
preparation of the fourth edition:

James Armstrong, City College of San Francisco
Satinder Bains, Arkansas State University—Beebe
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Carl Hoeger, San Diego City College

Ralph Jacobson, Cal Poly-San Luis Obispo

Beata Knoedler, Springfield College

Terri Lampe, Georgia Perimeter College—Clarkston
Mahela Leonida, Fairleigh Dickinson University—Teaneck
Scott Luaders, Quincy University

Tim Lubben, Northwestern College

Gina Mancini-Samuelson, College of St. Catherine
Jerome May, Southeastern Louisiana University

David Maynard, California State University—San Bernardino

Marcy McDonald, University of Alabama—Tuscaloosa
Harold McKone, St. Joseph College

Mel Mosher, Missouri Southern College

Lynda Nelson, Westark Community College

George S. Paul, University of Central Arkansas

Youyu Phillips, Wilkes University

Harold Pinnick, West Virginia State College

Wand Reiter, Iowa Wesleyan College

Gordon Sproul, University of South Carolina—Beaufort
Carrie Wolfe, Union College

Anne T. Wood, University of Puget Sound

Susan Yochum, Seton Hall

Qianhui Zhand, Miami Dade Community College—North

The following professors provided reviews and other
valuable advice for the previous editions:

Hugh Akers, Lamar University

Catherine A. Anderson, San Antonio College

A. G. Andrewes, Saginaw Valley State University

Raymond D. Baechler, Russell Sage College

Satinder Bains, Arkansas State University—Beebe

Sister Marjorie Baird, O.P., West Virginia Northern
Community College

Mark A. Benvenuto, University of Detroit-Mercy

Warren L. Bosch, Elgin Community College

Ronald Bost, North Central Texas College

James R. Braun, Clayton College and State University

Fred Brohn, Oakland Community College

Philip A. Brown, Barton College

Teresa L. Brown, Rochester Community College

Sister Helen Burke, Chestnut Hill College

Sharmaine S. Cady, East Stroudsburg University

Scott Carr, Trinity Christian College

Bernadette Corbett, Metropolitan Community College

Robert C. Costello, University of South Carolina—Sumter

Wayne B. Counts, Georgia Southwestern State University

Marianne Crocker, Ozarks Technical Community College

Peter DiMaria, Delaware State University

Robert P. Dixon, Southern Illinois University

Ronald Dunsdon, lowa Central Community College

Donald R. Evers, Iowa Central Community College

Patrick Flash, Kent State University—Ashtabula

Wes Fritz, College of DuPage

Shelley Gaudia, Lane Community College
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The General, Organic, and Biochemistry Media System

The General Organic, and Biochemistry Media System provides both instructors and students
with a variety of tools to augment teaching and learning.
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A book-specific website is available to students and
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download the Instructors Manual. The OLC is compatible
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Blackboard.
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Digital Content Manager

The DCM is the primary supplement for instructors.
Contained on a CD-ROM, the DCM offers instructors full-
color images of figures and tables from the text as well as
PowerPoint lecture slides.

Create a custom course website with PageOut,
free to instructors using a McGraw-Hill textbook.

To learn more, contact your McGraw-Hill publisher's
representative or visit www.mhhe.com/solutions.

Course Management Systems:
PageOut, WebCT, and Blackboard

The course cartridge that accompanies General, Organic,
and Biochemistry, Fourth Edition, includes:

e All Online Learning Center content
® The entire test bank that accompanies this new
edition

==BROWNSTONE

Brownstone Diploma

This computerized classroom management system
includes test questions and a grade-recording program.




The General, Organic, and Biochemistry Learning System is easy to follow, and will allow the
student to excel in this course. The materials are presented in such a way that the student will
effectively learn and retain the important information.

Clear Approach to Solving Problems

Because problem solving is most efficiently

learned by a combination of studying examples |
and practicing, problems with step-by-step

solutions are provided wherever appropriate.
Examples are followed by a question requiring

the student to integrate the newly learned

material.

454 Chapter 15 Carboxylic Acids and Carboxylic Acid Derivatives

o
2 |
a. CHCH,CH,CH,—OH ——> CH,CH,CH,—C—C1

el
?
b. CHCH,—OH —> CH,—C—O—C—CHCH,

2
. Ethanol ——> ethanoic anhydride

1553 Complete each of the following reactions by supplying the
‘missing product:

)
a L Ao —>?
$ o
b. CH,—C—O0—C—CH, + H0 Bty 2

1554 Use the LU.PA.C. Nomendlature System to name the
ucts and reactants in Problem 15.53.
15.55 Write the condensed formula for each of the following
compounds:
a. Decanoic anhydride
b. Acetic anhydride
c. Valeric anhydride
d. Benzoyl chloride
15.56 Write a condensed formula for each of the following
compounds:
a. Propanoyl chloride
b. Heptanoyl chloride
¢. Pentanoyl chloride
15.57 Describe the physical properties of acid chlorides.
15.58 Describe the physical properties of acid anhydrides.
15.59 Write an equation for the reaction of each of the following
acid anhydrides with ethanol.
a. Propanoic anhydride
b. Ethanoic anhydride
c. Methanoic anhydride
15.60 Write an equation for the reaction of each of the following
acid anhydrides with propanol. Name each of the products
using the LU.PA.C. Nomendlature System.
a. Butanoic anhydride
b. Pentanoic anhydride
¢. Methanoic anhydride

Phosphoesters and Thioesters

1561 By reacting phosphoric acid with an excess of ethanol, it is
possible to obtain the mono-, di-, and triesters of phosphoric
acid. Draw all three of these products.

15.62 What is meant by a phosphoric anhydride bond?

15.63 We have described the molecule ATP as the body’s energy
storehouse. What do we mean by this designation? How does
ATP actually store energy and provide it to the body as
needed?

15.64 Write an equation for each of the following reactions:
a. Ribose + phosphoric acid
b. Methanol + phosphoric acid
c. Adenosine diphosphate + phosphoric acid

15.65 Draw the thioester bond between the acetyl group and
coenzyme A.

15.66 Explain the significance of thioester formation in the
metabolic pathways involved in fatty acid and carbohydrate
breakdown.

15-34

1567 Itis also possible to form estery
as sulfuric acid and nitric acid.
product is nitroglycerine, whid
(explosive) and widely used in}
condition known as angina, a

usually resulting from coronar]
case its function is to alleviate

angina. Nitroglycerine may be
(usually placed just beneath thi
salve or paste that can be appli
skin. Nitroglycerine is the trini
strycture of nitroglycerine, usi

Glycerol

15.68 Show the structure of the thioester that would be formed
between coenzyme A and stearic acid.

Radioactive isotopes of an element behave chemically in exad
the same manner as the nonradioactive isotopes. As a result,
they can be used as tracers to investigate the details of chemical
reactions. A scientist is curious about the origin of the bridging
oxygen atom in an ester molecule. She has chosen to use the
radioactive isotope oxygen-18 to study the following reaction:

o o

I .
CH,CH,0H + CHC—OH bty cy C—0—CH,CH, + H,0

Design experiments using oxygen-18 that will demonstrate
whether the oxygen in the water molecule came from the —OH
of the alcohol or the —OH of the carboxylic acid.

2. Triglycerides are the major lipid storage form in the human
body. They are formed in an esterification reaction between
glycerol (1,2,3-propanetriol) and three fatty acids (long chain
carboxylic acids). Write a balanced equation for the formation
of a triglyceride formed in a reaction between glycerol and
three molecules of decanoic acid

3. Chloramphenicol is a very potent, broad-spectrum antibiotic. It
s reserved for life-threatening bacterial infections because it is
quite toxic. It is also a very bitter tasting chemical. As a result,
children had great difficulty taking the antibiotic. A clever
chemist found that the taste could be improved considerably by
producing the palmitate ester. Intestinal enzymes hydrolyze the
ester, producing chloramphenicol, which can then be absorbed.
The following structure is the palmitate ester of
chloramphenicol. Draw the structure of chloramphenicol.

OH

o
| I
ON @—(1 l—({HCH,—O—C*(CHZ)“CH,

Nnﬁma,

Chloramphenicol palmitate

| Question

Question

lating Masses of nd Produ
Calculate the number of grams of C;Hg required to produce 36.0 g of H;0.
Solution
It is necessary to convert

1. grams of H,O to moles of H;0,
2. moles of H,O to moles of C;Hg, and
3. moles of C3Hg to grams of C;Hg.

Use the following path:

grams | moles  moles __ , grams

H0 H0 CsHs GsHs

Then

1 meHH,0 motC;H L0gC.
W* X ]l"‘ X M}ﬁ =220gCHy

360¢g
S0 X 0 g0 AmotHO 1 mobeit;

C,HOH(D) + 30,(g) —> 2CO,(g) + 3H,0(8)

a. How many moles of O, will react with 1 mol of ethanol?
b. How many grams of O, will react with 1 mol of ethanol?

How many grams of CO, will be produced by the combustion of 1 mol of
ethanol? (See Question 5.13.)

Let’s consider an example that requires us to write and balance the chemical
equation, use conversion factors, and calculate the amount of a reactant consumed

W

B A variety of questions and problems that
range in level of difficulty help students
measure their mastery of the chapter material.
The odd-numbered questions are answered in
the back of the text.

At the end of the chapter, the student will
find several problems that require thought-
provoking answers dealing with daily life and
the health care sciences.




Dynamic Visuals

Many of the equations and reactions
are color coded to help the student
understand the chemical changes that

occur in complex reactions. The
student can easily recognize the
chemical groups being added or
removed in a reaction by the color
coding. Green background illustrates
an important equation or key
reaction; yellow background

illustrates energy in the general and

biochemistry sections and reveals the
parent chain of a compound in the

organic section; red and blue lettering
distinguish two or more compounds

that appear similar.

The art program has been signifi-
cantly updated with the use of molec-
ular art and drawings. The students

will gain a better pergpective and
olecule with a

understanding of a

Spartan computer-generated model.

st

olality does not vary with temperature, whereas molarity is temperature de-

7.6 Concentration-Dependent Solution Properties 187

We have already worked with one mole-based unit, molarity, and this concen-
tration unit can be used to calculate either the freezing point depression or the
boiling point elevation.

A second mole-based concentration unit, molality, is more commonly used in
these types of situations. Molality (symbolized m) is defined as the number of
moles of solute per kilogram of solvent in a solution:

Molarity is temperature dependent
simply because it is expressed as
mole/volume. Volume is temperature
dependent—most liquids expand
measurably when heated and contract
when cooled. Molality is moles/mass;
both moles and mass are temperature
independent.

_ moles solute
kg solvent

pendent. For this reason, molality is the preferred concentration unit for studies
such as freezing point depression and boiling point elevation, in which measure-
ment of change in temperature is critical.

Practical applications that take advantage of freezing point depression of so-

e
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/ 242 The Structure of DNA and RNA

_— Condensed fiber
(30 rm ciameter)

ctures (Figure 24.7). The first
of a strand of DNA wrapped
this level the DNA looks like
beads along a string. The string of beads then coils into a larger structure called the

Figure 24.7
The eukaryotic chromosome has many
Tevels o structure.
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» i sk e 4 - and the change in temp (AT)) of the solution as the reaction proceeds from
_re:c:u‘)ni.hThe (ton(efntn( :tyroloam cups itial to final state.
insulate the system from its The heats s i3 =r
susroundings. Heat released by the e he culated by using the following equation:
chemical reaction enters the water, Q= m, X AT, X SH,
raising its temperature, which is y :
measured by using a thermometer. with units
calories
calories = gram X € X m
the substi In this leat atom is bonded to

P

a
ethyl group is bonded to carbon-4:

Finally, add the correct number of hydrogen atoms so that each carbon has
four covalent bonds:
BrHH HHH

B o A
H—C—C—C-C—C—CH
|

gt

[« Amines as Primary, ry, or Tertiary

Classify each of the following compounds as a primary, secondary, or
tertiary amine.

Solution
Compare the structure of the amine with that of ammonia.

CH H

] | 1° amine: one hydrogen replaced
H—N—H H—N—H

I 2° amine: two hydrogens replaced

3° amine: three hydrogens replaced

I+ vhe ok

Methanol Ethanol

2-Propanol 2-Methyl-2-propanol

Classifying Alcohols

Classify each of the following alcohols as primary, secondary, o tertiary.

Solution




9.5 Oxidation-Reduction Processes

Turning the Human Body into a Battery

T e heart has its own natural pacemaker that sends nerve im-
pulses (pulses of electrical current) throughout the heart ap-
proximately seventy-two times per minute. These electrical
pulses cause your heart muscles to contract (beat), which
pumps blood through the body. The fibers that carry the nerve
impulses can be damaged by disease, drugs, heart attacks, and
surgery. When these heart fibers are damaged, the heart may
run too slowly, stop temporarily, or stop altogether. To correct
this condition, artificial heart pacemakers (see figure below) are
surgically inserted in the human body. A pacemaker (pacer) is a

It would be very desirable to develop
to run pacemakers. Some scientists began works
converting the human body itself into a battery
power artificial pacemakers.

Several methods for using the human body as a voltaic cell
have been suggested. One of these is to insert platinum and zinc
electrodes into the human body as diagrammed in the figure be-
low. The pacemaker and the electrodes would be worn inter-
nally. This “body battery” could easily generate the small
amount of current (5 X 10-5 ampere) that is required by most

Health/Life Related Applications

There are four different Perspective boxes in
the text. Chemistry Connections provide an

et oty e s P Ov SR e o o b i introductory scenario for the chapter; Medical
Americans are now wearing artil with an ad- 2nded. Wm.C. . g, g
N Perspectives and Clinical Perspectives

‘maker’s batteries. Today, s use improved batteries that T
last much longer, but even these must be replaced eventually.

A Mw.w/m {\ 20— 20 420 2410, w0
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demonstrate use of the chapter material in an
Environmental Perspectives

emonstrate how important chemistry is in our
day-to-day lives.

Plastic Recycling

prent
PP lastics, first developed by British inventor Alexander Parkes
in 1862, are amazing substances. Some serve as containers for is)
many of our foods and drinks, keeping them fresh for long pe-
riods of time. Other plastics serve as containers for detergents petal.
and cleansers or are formed into pipes for our plumbing sys- ping
tems. We have learned to make strong, clear sheets of plastic
that can be used as windows, and feather-light plastics that can
be used as packaging materials. In the United States alone, frer
seventy-five billion pounds of plastics are produced each year.

But plastics, amazing in their versatility, are a mixed bless- b

ing, One characteristic that makes them so useful, their stabil- %

ity, has created an environmental problem. It may take forty to
fifty years for plastics discarded into landfil sites to degrade.
Concemn that we could soon be knee-deep in plastic worldwide
has resulted in a creative new industry: plastic recycling.

Since there are so many types of plastics, it is necessary to
identify, sort, and recycle them separately. To help with this
sorting P ycling symbols on their
plastic wares. As you can see in the accompanying table, each
symbol corresponds to a different type of plastic.

Polyethylene terephthalate, also known as PETE or simply
#1,is a form of polyester often used to make bottles and jars to
contain food. When collected, it is ground up into flakes and
formed into pellets. The most common use for recycled PETE is
the manufacture of polyester carpets. But it may also be spun
into a cotton-candy-like form that can be used as a fiber filling
for pillows or sleeping bags. It may also be rolled into thin
sheets or ribbons and used as tapes for VCRs or tape decks.
Reuse to produce bottles and jars is also common.

HDPE, or #2, is high-density polyethylene. Originally used
for milk and detergent bottles, recycled HDPE is used to pro-
duce pipes, plastic lumber, trash cans, or bottles for storage of
materials other than food. LDPE, #4, is identical to HDPE
chemically, but it is produced in a less-dense, more flexible

PVC, or #3, is one of the less commonly recycled plastics in

form. Originally used to produce plastic bags, recycled LDPE is
also used to make trash bags, grocery bags, and plastic tubing
and lumber.

the United States, although it s actively recycled in Europe. The
recycled material is used to make non-food-bearing containers,
shoe soles, flooring, sweaters, and pipes. Polypropylene, PP or

Polyethylene is a polymer made from the monomer ethylene (ethene):

It is used to make bottles, injection-molded toys and housewares, and wire
coverings.

Polypropylene is a plastic made from propylene (propene). It is used to make
indoor-outdoor carpeting, packaging materials, toys, and housewares. When
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Clear Presentation

Each chapter begins with an outline that introduces

students to the topics to be presented. This outline also

provides the instructor with a quick topic summary to

organize lecture material. A e
A list of learning goals, based on the major concepts gt solasn
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Additional Pedagogical Elements

Margin notes direct the student to a
reference in the book for further material
Or review.

All bold-faced terms in the chapter
are listed at the end of each chapter
and defined in the Glossary at the end of
the text. The student can easily find
important terms when reading and
studying.

At the end of each chapter is a
summary designed to help students more
easily identify important concepts and
help them review for quizzes and tests.
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lute solution of phenol must be
used because concentrated phenol
causes severe burns and because phenol
is not highly soluble in water.

Phenols are also widely used in health care as germicides. In fact, carbolic acid,
a dilute solution of phenol, was used as an antiseptic and disinfectant by Joseph
Lister in his early work to decrease postsurgical infections. He used carbolic acid
to bathe surgical wounds and to “sterilize” his instruments. Other derivatives of
phenol that are used as antiseptics and disinfectants include hexachlorophene,
hexylresorcinol, and o-phenylphenol. The structures of these compounds are
shown below:

(‘)H (e} Cl ql Cl (‘)H
a 7)\ 'OH
). CH
Phenol Hexachlorophene Gy £
(carbolic acid. (antiseptic) Hexylresorcinol  o-Phenylphenol
phenol dissolved (antiseptic) (antiseptic)
in water;
antiseptic)
13.8 Ethers
LeamingGost  Ethers have the general formula/R—O—R, and thus they are structurally related
& to alcohols (R—O—H). The C—O bonds of ethers are polar, so ether molecules are
@ polar (Figure 13.5). However, ethers do not form hydrogen bonds to one another

because there is no —OH group. Therefore they have much lower boiling points
than alcohols of similar molecular weight but higher boiling points than alkanes of
similar molecular weight. Compare the following examples:

e CH,CH,CH,CH, CH;—O—CH,CH, CH,CH,CH,OH
Butane Methoxyethane 1-Propanol
Figure 13.5 (butane) (ethyl methyl ether) (propyl alcohol)
Ball-and-stick model of the ether, MW. =58 MW. =60 MW. = 60
methoxymethane (dimethyl ether). bp.= -05C bp. = 7.9°C bp. = 97.2°C

In the LU.PA.C. system of naming ethers the —OR substituent is named as an
alkoxy group, This is analogous to the name hydroxy for the —OH group. Thus
CH,—O— is methoxy, CH,CH,—O— is ethoxy, and 0 on

An alkoxy group is an alkyl group
bonded to an oxygen atom (—OR).

T K sing .P AC Nomencature to Naine an Eer

Name the following ether using 1 U.PA.C. nomenclature.

Solution

O—CH.
|
CH,CH,CHCH,CH,CH,CH,CH,CH,

Parent compound: nonane
Position of alkoxy group: carbon-3 (not carbon-7)
Substituents: 3-methoxy

Name: 3-Methoxynonane

484 Chapter 16 Amines and Amides

lergy symp Antih block hi and pro-
vide relief from allergies. y-Aminobutyric acid (GABA) and
glycine are inhibitory neurotransmitters. It is believed that
GABA is involved in control of aggressive behavior. Acetyl-
ic compounds that containan  choline is a neurotransmitter that functions at the neuro-
o group. A primary amine  muscular junction, carrying signals from the nerve to the
lary amine has the ~ muscle. Nitric oxide and glutamate function in a positive
thegeneral feedback loop that is thought to be involved in learning and
- avi- the formation of memories.

Amines are a family of O
amino group or substituted a
has the general formula RNH,; a
general formula R.NH;

tem, amines are named as alkanamines. In the LU
system they are named as aminoalkanes. In the common sys-
tem they are named as alkylamines. Amines behave as weak
bases, forming alkylammonium ions in water and alkylam-

monium salts when they react with acids. Quaternary am-  acyl group (16.3) neurotransmitter (16.5)
monium salts are ammonium salts that have four organic alkaloid (16.2) peptide bond (16.4)
groups bonded to the nitrogen atom. alkylammonium ion (16.1)  primary (1°) amine (16.1)
amide (16.3) quaternary ammonium
16.2 Heterocyclic Amines amide bond (16.3) salt (16.1)
Heterocyclic amines are cyclic compounds having at least ~ 2mine (16.1) secondary (2°) amine (16.1)
one nitrogen atom in the ring structure. Alkaloids are nat-  2minoacyl group (16.4) tertiary (3°) amine (16.1)
ural plant products that contain at least one heterocyclic ~ analgesic (16.2) transfer RNA (tRNA)
ring. Many alkaloids have powerful biological effects. Sneuhetic 08 L
heterocyclic amine (16.2)

16.3 Amides

Amides are formed in a reaction between a carboxylic
acid derivative and an amine (or ammonia). The amide bond
is the bond between the carbonyl carbon of the acyl group
and the nitrogen of the amine. In the LU.PA.C. Nomencla-
ture System they are named by replacing the -oic acid end-
ing of the carboxylic acid with the -amide ending. In the
common system of nomenclature the -ic acid ending of the

1615 For each pair of compounds predict which would have
greater solubility in water. Explain your reasoning,
a. Pentane or 1-butanamine
b. Cyclohexane or 2-pentanamine

carboxylic acid is replaced by the -amide ending. Hydroly- 1616 For each pair of compounds predict which would have the

higher boiling point. Explain your reasoning,
a. Ethanamine or ethanol
b. Butane or 1-propanamine
164 A Preview of Amino Acids, Proteins, and o D e e
Protein Synthesis 1617 Explain why a tertiary amine such as triethylamine has a
Slicguity bar Vit i B ks i i
isomer, 1-hexanamine.

sis of an amide produces a carboxylic acid and an amine
(or ammonia).

Proteins are polymers of amino acids joined to one another

by amide bonds called peptide bonds. During protein synthe- 1615 Dray  diagram to illustrate your answer to Problem 1617,
sis the aminoacyl group of one amino acid is transferred 16.19 Use the Chemical Abstracts system of nomenclature to name
from a carrier molecule called a transfer RNA to the amino each of the following, amines

a CHCHCH-NH,

group nitrogen of another amino acid ¢

CH,
b. CHCH,CHCHCH,CH

16.5 Neurotransmitters

Neurotransmitters are chemicals that carry messages, or sig- NH,
nals, from a nerve cell toa target cell, which may be another e

nerve cell or a muscle cell. They may be inhibitory or exci- =
tatory and all are nitrogen-containing compounds. The cat- L

echol. include and >

d. (CH),C—NH,

epinephrine. Too little dopamine results in Parkinson’s dis-
1620 Use the CA and common nomenclature systems to name each

ease. Too much is associated with schizophrenia. Dopamine
1 d with addictive behavior. A deficiency of e T iag s

is also sssocialet with addictive belsavio Iiciency . CH,CH,CH,CH,CH,CH,CH,CH,—NH,

serotonin is associated with depression and eating disor- —

ders. Serotonin is involved in pain perception, regulation of b. CI (( )) NH

body temperature, and sleep. Histamine contributes to al- &

1628




