'GENERAL,
ORGANIC,
& BIOLOGICAL

CHEMISTRY

AN INTEGRATED APPROACH | 2nd Edition

 KENNETH W. RAYM OND



GENERAL, ORGANIC, AND
BIOLOGICAL CHEMISTRY

SECOND EDITION

Kenneth W. Raymond
Eastern Washington University

ml —
BICENTENNIAL

John Wiley & Sons, Inc.




VICE PRESIDENT AND EXECUTIVE PUBLISHER
PROJECT EDITOR

PRODUCTION SERVICES MANAGER
PRODUCTION EDITOR

EXECUTIVE MARKETING MANAGER
CREATIVE DIRECTOR

ART DIRECTOR

DESIGNER

SENIOR PHOTO EDITOR
EDITORIAL ASSISTANT

SENIOR MEDIA EDITOR
PRODUCTION MANAGEMENT
COVER ILLUSTRATION/DESIGN
BICENTENNIAL LOGO DESIGN
COVER PHOTOS

Kaye Pace

Jennifer Yee

Dorothy Sinclair

Janet Foxman

Amanda Wygal

Harry Nolan

Hope Miller

Brian Salisbury

Lisa Gee

Catherine Donovan

Thomas Kulesa

Suzanne Ingrao/Ingrao Associates
Norm Christiansen

Richard J. Pacifico

Image of orange based on photo

© Stock Food/Punchstock (top) and
© Photodisc/Superstock (bottom)

This volume contains selected illustrations from the following texts,
reprinted with permission by John Wiley and Sons, Inc.

* Boyer, Rodney, Concepts in Biochemistry, Second Edition,
© 2002.

* Hein, Morris; Best, Leo R.; Pattison, Scott; Arena, Susan,
Introduction to General, Organic, and Biochemistry,
Eighth Edition, © 2005.

* Holum, John R., Fundamentals of General, Organic, and
Biological Chemistry, Sixth Edition, © 1998.

* Pratt, Charlotte W.; Cornely, Kathleen, Essential Biochemistry,
© 2004.

¢ Voet, Donald; Voert, Judith G.; Pratt, Charlotte W.,

Fundamentals of Biochemistry: Life at the Molecular Level,
2nd Edition, © 2006.

This book was set in 10.5/12 Adobe Garamond by Preparé and printed and bound by
Courier/Kendallville. The cover was printed by Courier/Kendallville.

This book is printed on acid-free paper. o

Copyright © 2008 John Wiley & Sons, Inc. All rights reserved. No part of this publication may be
reproduced, stored in a retrieval system or transmitted in any form or by any means, electronic, mechanical,
photocopying, recording, scanning or otherwise, except as permitted under Sections 107 or 108 of the 1976
United States Copyright Act, without either the prior written permission of the Publisher, or authorization
through payment of the appropriate per-copy fee to the Copyright Clearance Center, Inc.,

222 Rosewood Drive, Danvers, MA 01923, website wwuw.copyright.com. Requests to the Publisher for
permission should be addressed to the Permissions Department, John Wiley & Sons, Inc., 111 River Street,

Hoboken, NJ 07030-5774, (201) 748-6011, fax (201) 748-6008, website www.wiley.com/go/permissions.
To order books or for customer service, please call 1-800-CALL WILEY (225-5945).

ISBN: 978-0-470-12927-2
Printed in the United States of America
10 9 8 7 6 5 4 3 2 1



Every one of your students has the potential to make
a difference. And realizing that potential starts right here,

in your course.

When students succeed in your WI LEY -+
course—when they stay on-task and

make the breakthrough that turns | I L U s

confusion into confidence—they are

empowered to realize the possibilities for greatness that lie
within each of them. We know your goal is to create an

environment where students reach their full potential and

experience the exhilaration of academic success that will

last them a lifetime. WileyPLUS can help you reach that goal.

WileyPLUS is a suite of resources—including the
complete online text—that will help your students:

* come to class better prepared for your lectures

* get immediate feedback and context-sensitive help on

assignments and quizzes

* track their progress throughout the course

www.wileyplus.com

8 80/ of students surveyed said it improved
(o

their understanding of the material.”
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Track Student Progress
Keep track of your students'
progress via an instructor's grade-
book, which allows you to analyze
individual and overall class results.
This gives you an accurate and realistic
assessment of your students’
progress and level of understanding.

Now Available with
WebCT and eCollege!

Now you can seamlessly inte-
grate all of the rich content and
resources available with
WileyPLUS with the power and
convenience of your WebCT or
eCollege course. You and

your students get the best of
both worlds with single sign-on,
an integrated gradebook, list of
assignments and roster; and
more. If your campus is using
another course management
system, contact your local
Wiley Representative.

in your class each day. With WileyPLUS you can:
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“l studied more for this class than | would have without
WileyPLUS.”
Melissa Lawler, Western Washington Univ.

For more information on what WileyPLUS can do to help
your students reach their potential, please visit

www.wileyplus.com/experience

of students would recommend WileyPLUS
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You can keep all of your assigned work A personal gradebook allows

in one location, making it easy for you you to monitor your results
from past assignments at any
time. You'll always know
exactly where you stand.

to stay on task. Plus, many homework
problems contain direct links to the
relevant portion of your text to
help you deal with problem-solving
obstacles at the moment they . ' R ) o

It has been a great help, and | believe it has helped
me to achieve a better grade.”

Michael Morris, Columbia Basin College
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THE WILEY BICENTENNIAL-KNOWLEDGE FOR GENERATIONS

ach generation has its unique needs and aspirations. When Charles Wiley first
opened his small printing shop in lower Manhattan in 1807, it was a generation
of boundless potential searching for an identity. And we were there, helping to
define a new American literary tradition. Over half a century later, in the midst
of the Second Industrial Revolution, it was a generation focused on building the
future. Once again, we were there, supplying the critical scientific, technical, and
engineering knowledge that helped frame the world. Throughout the 20th
Century, and into the new millennium, nations began to reach out beyond their
own borders and a new international community was born. Wiley was there,
expanding its operations around the world to enable a global exchange of ideas,
opinions, and know-how.

For 200 years, Wiley has been an integral part of each generation’s journey,
enabling the flow of information and understanding necessary to meet their needs
and fulfill their aspirations. Today, bold new technologies are changing the way
we live and learn. Wiley will be there, providing you the must-have knowledge
you need to imagine new worlds, new possibilities, and new opportunities.

Generations come and go, but you can always count on Wiley to provide you the
knowledge you need, when and where you need it!

WiLriam J. PESCE PETER BoOTH WILEY
PRESIDENT AND CHIEF EXECUTIVE OFFICER CHAIRMAN OF THE BOARD




" his second edition of General, Organic, and Biochemistry: an Integrated Approach
has been written for students preparing for careers in health-related fields such as
nursing, dental hygiene, nutrition, medical technology, and occupational therapy. The
text is also suitable for students majoring in other fields where it is important to have an
understanding of chemistry and its relationship to living things. Students need have no
previous background in chemistry, but should possess basic math skills. For those whose
math is a bit rusty, the text provides reviews of the important material. While designed for
use in one-semester or two-quarter General, Organic, and Biochemistry (GOB) courses,
instructors have found that it also works well for one-year courses, especially when com-
bined with the supplement Chemistry Case Studies For Allied Health Students by Colleen
Kelley and Wendy Weeks.
In a GOB course it is essential to show how the subject matter relates to the students’
future careers. For this reason, this text makes extensive use of real-life examples from the

health sciences.

ORGA

NIZATION

In most GOB texts, a group of chapters on general chemistry is followed by a series of
organic chemistry chapters, which is followed by chapters devoted to biochemistry. Years
of experience in teaching health science courses have shown the author that there is a
drawback to this approach: in many cases there is a long time interval between when a
topic is first presented and when it is used again—enough of a break that students’ famil-
iarity with the subject matter has often lapsed.

In introducing GOB material, this text uses an integrated approach in which related general
chemistry, organic chemistry, and biochemistry topics are presented in adjacent chapters. This
approach helps students see the strong connections that exist between these three branches of
chemistry and allows instructors to discuss these interrelationships while the material is still
fresh in students’ minds. This integration involves the following sets of chapters:

* Chapter 3 (Compounds) and Chapter 4 (An Introduction to Organic
Compounds). An introduction to bonding and compounds is followed by a look
at the members of a few key organic families.

* Chapters 3 and 4 and Chapter 6 (Reactions). A study of inorganic and organic
compounds is followed (after a look at gases, liquids, and solids in Chapter 5) by an
introduction to their reactions.

* Chapter 7 (Solutions) and Chapter 8 (Lipids and Membranes). A discussion of
solubility is followed by a look at the importance of solubility in biochemistry.
Some reactions from Chapter 6 are reintroduced.

* Chapter 9 (Acids and Bases) and Chapter 10 (Carboxylic Acids, Phenols,
and Amines). Principles of acid/base chemistry from an inorganic perspective are
followed by a chapter on the organic and biochemical aspects of this topic.
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KEY FEATURES
OF THE SECOND
EDITION

PROBLEM

¢ Chapter 11 (Alcohols, Aldehydes, and Ketones) and Chapter 12 (Carbohydrates).
An introduction to the chemistry of alcohols, aldehydes and ketones is followed by
a presentation of related biochemical applications.

The many reviewers of this text have made helpful suggestions. The major changes to the
second edition are:

* Newly introduced material: Molar mass (Chapter 2), step-by-step instructions for
drawing molecules and polyatomic ions (Chapter 4), ionic equations and net ionic
equations (Chapter 7), and naming esters and amides (Chapter 10).

* Revised material: Changed group naming from IA, IIA format to 1A, 2A format
(Chapter 2), added details on naming binary molecules and introduced a table of
prefixes used for naming them (Chapter 2), modified treatment of the combined gas
law and the ideal gas law (Chapter 5), and updated discussion of waxes, fatty acids,
phospholipids, and eicosanoids (Chapter 8).

* New Appendicies: Important families of organic compounds (Appendix B) and
Naming ions, ionic compounds, binary molecules, and organic compounds
(Appendix C).

* Addition of new chapter sections: Reaction types (Section 6.2), Maintaining the pH
of blood serum (Section 9.10), and Oxidation of phenols (Section 10.5).

SOLVING

Learning to do anything requires practice, and in chemistry this practice involves solving
problems. This text offers students ample opportunities to do so.

Cuanven @

HHHH
H—C—C—C—C—H

‘FIGURE 4.3
(Continued)
H H:: H
2 Fuorobutane

CH,CH,CHCH,

e Sample Problems and Practice Problems.

Each major topic is followed by a sample problem and

a related practice problem. The solution to each sample
problem is accompanied by a strategy to use when solving

Drawing condensed and skeletal structures

Draw condensed and skeletal structures of diethy ether, 3 compound once used a1 3
general ancsthetic

Salution

eletal structure of
hydrogen atoms, showing only the oxygen a

at the end of the chapter.

HH  HH
H—C—C—{0—

the problem. The answers to practice problems are given

I ]
HH HH

f the molecule a3 a chain of five
s attached 1o these five (CHy, erc.)

and the C—C and C—0 bonds.

CHCHLOCH,CH, O

Condensed structure Skelotal structure

structures for the

Research saggeses that drinking
Ethylamine (bekow). produced when one of the compounds i green tes i broken doven
in the liver, may be responsible for this immune response. Draw condensed

green vea may help boost the smmune system.
and skeleral

17
H—C—C—N—H
)
H HH




END OF CHARTER PACBLEM 131

8 Define the term “functional group" and describe the features
that distinguish hydrocarbons, alcohals, carboxylic acids, and
esters from one another.

Functional groups are atoms, groups of aroms, or bonds that give 3 molecule a par-
ticular ser of chemical properties. The functional groups represented in hydrocar-
bons are the carbon-carbon double bond (in alkenes), the carbon-carbon triple
bond (in alkynes), and altemating double and single bonds in a ring (in aromatic
compounds). Alcohols contain the hydroxyl (—OH) funcrional group artached 1o
an alkane-like carbon atom. Carbosylic acids contain the hydroxyl group attached
0 carbonyl (C=0) group, and esters contain a C—O—C linkage. with one of the

PREFACE

carbon aroms belonging to 2 carbanyl group.

END OF CHAPTER PROBLEMS

Answers o problems whose numbers are printed in eolor are given in Appendix D. More
i . 2 5 A oot pheptiativsinn
W = Interactive Learning Ware solution i L

SraucTuRAL FORMULAS AND
FoRMAL CHARGES

47 Draw the line-bond structure of each molocule.

ilable at ile e

&5 What is the formal charge on each atom in the
following molecules or jons?

aH-§-H

et E-RN-le

¢ End of Chapter Problems. A large number of
problems can be found and the end of each chapter, and
Appendix D provides answers for the odd-numbered ones.
Many of the end of chapter problems are paired and some,
marked with an asterisk, are more challenging than others.
Each chapter includes a set of Thinking It Through

(Iilh
o CHyCHCHCH,CHy
CHCH,NH;
[ &8 What is the formal charge on each atom in the
Hc,(\(“ following molecules or 1ons?
13 | +
H(‘,\(,CH I]i Ii(
H o[ H-C-N-H e [:0—C1-01)
42 Draw the line-bond structure of each molecule. HH
i o
& CH{OCH,CH; & CHCH=CHCH=CH, 1§
‘1}1 LH-C—H

¢11 Draw each polyatomic ion and assign formal charges.
Each atom, cxcepr for hydrogen. should have an octer

3 What is the shape around the nitrogen and sulfur atoms

problems that ask students to go a bit further with one or
more of the concepts presented in the chapter. Over two
hundred and fifty new problems have been added to the
second edition. Of these, more than half are multi-part
questions and many are challenging.

in the ions shown in Figure 4.22 of valence lectrons. )

A4 What is the shape around each of the carbon atoms in b NH, e CN
aspirin (Figure 4.3 412 Draw each polyatomic ion and assign formal charges.
Each atom, cxcepr for hydrogen. should have an octer

45 Draw each molecule. of valence electrons.

aCHy BGH, s GHy LPO WHPOS e HsPO,
48 Draw each molecule -
wCHy WCH,  eCHy 413 Draw cach of the following and assign formal charges

Each atom should have an octet of valence electrons.

47 Draw cach distomic clement .50, 50,7
oFy *0; &Ny AWM Draw cach molecule and assign formal charges. Each

A8 Draw two different molccules chat have the formula atom should have 3n octer of valence clectrons.
CHO, 2CO LSO,

THINKING 1T THROUGH

IHEAI.ruLiuh | CT and MRI Imaging

288 8. “Cholesterol Marker” describes using MRI 1o look
* for anerial plaque. Why is the presence of plague in
arteries 2 concern?
& What roke does the particle similat to HDL play in
the technique that is described?

258 8. One of the two techniques described in this Health
Link is considered *invasive.” What do you suppose
is meant by this term?

b. To which technique does this term apply?

&, In some cases, the images produced by CT and MRI
are quite similar. If given a choice, which would you
rathet have run?

o Interactive Learning Ware Problems. The text’s
website (http://www.wiley.com/college/raymond) features
Interactive Learning Ware (ILW), a step-by-step problem
solving tutorial program that guides students through
selected problems from the book. The ILW problems are
representative of those that students frequently find most
difficult and they reinforce students’ critical thinking and
problem solving skills. An ILW icon identifies each ILW
problem in the end-of-chapter question section. /;"
1w

4 273 How many atoms are contained in:
Yew 1.0 molof clcium?
8.7.88 x 107 mol of cakium?
©.7.88 g of calcium?
452 mg of calcium?

a. atomic number
mass number = 37

1P and 7t

4 108 3mu
s
237 % 107 atome b 48 % 107" mol
825350860
s
) e — 1%0s + ot

132 days

278 What are the pros and cons (both long-term and short
term) of using radiation 1o freat cancer?

271 A nurse is assisting a parient who has just undergone
cancet treatment tht involved exposure 1 gamma
radiation from cobalt-60. Should the nurse be
concerned that he will be exposed to gamma radiation
given off by the patiene?

272 In Iate 2006, 3 former Russian spy was poisoned when 3
small amount of polonium-210 was put in his food. He
died 2 few weeks later
a. Polonium-210 emits alpha paricles. Write a balanced

nuclear equation for this process
b, This radioisotope has 3 half.ife of 138 days. Of a
2 pug sample. how much would remain after 3

halflives?
& I alpha particles can be blocked by 4 shect of paper
(Figure 2.13), why is polonium-210 10 poisonous’

INTERACTIVE LEARNING PROBLEMS

SOLUTIONS TO PRAGTICE RROBLEMS

+ & protons and neutrons; b. protons and electrons; €. protons and neutrons

8, mass number = 18; . atomic number = 17,




xii PREFACE

HEALTH LINKS
AND BIOCHEMISTRY LINKS

"o uaren o4 . To emphasize the importance of chemistry to the health sciences and to living
(Hetrul[rionpbeme ] things, each chapter includes Health Links and Biochemistry Links. In the second
; | b e L e edition, eight new Health Links have been added: Body Mass Index (Chapter 1),
= T T Dental Fillings (Chapter 3), Making Weight
‘ > e e (Chapter 5), Saliva (Chapter 7), Omega-3 fatty
; | i-;“.:‘:._f_.éf e ' acids (Chapter 8), Biofilms (Chapter 10), Drugs
‘ ;:E;’;i. [ !xocun;fsnv. in the environment (Chapter 11), and RNA
—— ' E';;:'::..ff‘ R ] Interference (Chapter 14). In addition, six Health
mmﬂm R 5.‘_':'_:.:.‘_‘_:5:': T T T L I Links from the first edition have been updated:
e E R o Body Temperature (Chapter 1), Dietary
Ml everoaikanes B0 o T e o i g Reference Intakes (formerly Recommended
== ) S g sl B Daily Allowances) (Chapter 2), CT and MRI
0w e (formerly CT and PET) (Chapter 2),
ananencoounenait  aumend-oon—~) Sunscreens (Chapter 4), Trans fats (Chapter 8),
iter s anenenad-oonn e and Proteins in Medicine (formerly Enzymes in
ey m}:}w — e Bl ”“":”‘O Medicine) (Chapter 13).
ex O-od-ooncn,
ovend-conguon -
0 Loocu,
e e
[

ON-LINE VIDEOS

e ‘ For one topic in each chapter, a special icon is used to indicate that an on-line
ScienCentral article and video clip are available for viewing.

conded n These articles and video clips are of interest because they show how the

iR chemistry being presented pertains to current events. Each set of end of chapter

problems includes some related to the video content. The video titles include:

TR L Pork on the Run (Chapter 1), Cholesterol Marker (Chapter 2), Glowing Fish

&) :::E&i::_‘::':j”“_:ﬁ (Chapter 3), Tanning & Health (Chapter 4), Breath Of Life (Chapter 5),

e s N s Hydrogen Cars (Chapter 6), Kidney Bones (Chapter 7), Teen Steroids (Chapter

B et e 8), Cystic Fibrosis Mucus (Chapter 9), Meth and the Brain (Chapter 10), Toxin

o o e

cor VA exponne.
To some extart. your skia can peotect tself from UY radiation, When sunight hits the sk, & purtculr type of

g et e S Vi L v e et Eaters (Chapter 11), Sweet Spot (Chapter 12), Young Hearts (Chapter 13),

m’:"x“ﬂ(ml})kﬁ.—nk‘mmmhwlmfwhw . 4

g o T i i Cancer Screening (Chapter 14), Exercise Gene (Chapter 15).
/©/ C"ﬁ:’c‘xx)(xﬁi(ﬁﬁu,cuzcu, o i:“;:..'.fu"v'?..'f"ﬂ"'.:';‘. o
o % cHHy e 1o e et i

sunscrven appled than without

o o

COHLC,
/@/ K\T Acesee [Crioums eas |
CHO CIcHy,

m.so H hately

Mn ATy cHy Ecmmue. whch wm ey
g ]\ﬂ — Tl
i e b s

s it
CH,SOH and Europe vace 1993
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OTHER TEXT FEATURES

Chapter Opening Vignettes Each chapter begins with a story that
focuses on the connection between chemistry and high-interest, everyday
topics that students can relate to.

Objectives Each chapter begins with a
list of goals for the student to achieve.
These objectives identify key concepts
within each chapter. A summary of how

e 72 o these objectives were met appears at the
P ey end of each chapter.

Uk Prion Diseases]

ing patzerne, the distrbution of slectrons. and the shape of  molecus (nfiuence the
way that & interacts with others. In later sections of the chapter we will spply our
erties of s o

objectives |

Afier completing this chapter, you should be able o
1 Drow molecules and polyatomic fons using electzon dot and fine-bond structures.
Assign formal charges.

8 Describe how condensed structural formulas and skeletal structures. differ from
electron dot and linedond structures.

3 Dafina egativity and explain its i ta polar covalent bonds. Give o
simpie rule thot con be usad to predict whether or not o covalent band s polar.

4 List the five busic shapes nbout an stom in & moleculs nnd doscribe the rulss used
to prodict shape. Explain how shape plays  role in determining overall polacity.

B Describe the noncovalent interactions that attrect one compound to ancther.

8 Describe the four famiies of hydrocarbons.

7 Exploin the diffarence between constitutional isomers, conformations, and the
stereoisomers known as geometric isomers. Give examples of two diffarent famifies
of hydrocarbons that can axist AS gEMELC samers.

8 Define the tarm tunctionsl group and describe the faatures that distinguish
hydrocarbans, alcohls, carboxylic acids, and estars from one anather.

Student Web Site Within each chapter you will find an icon “# a indicating thatthere S U PP ORT

is a ScienCentral w@n news video at the website with a news story related o PACK AGE FOR
STUDENTS

chapter content. The web site also features practice quizzes and Interactive Learning-
ware problems.

Student Solutions Manual and Study Guide Written by Byron Howell, Tyler Junior
College and Adeliza Flores, of Las Positas College, this supplement contains worked
out solutions to the odd-numbered text problems; chapter summaries; sample prob-
lems, and practice problems.

Laboratory Manual Written by David Macaulay, Joseph Bauer, and Molly Bloom-
field. This lab manual is written for the one or two-term chemistry lab course for stu-
dents in the allied health sciences and related fields. These experiments are presented in
an integrated table of contents and contain chapter references from General, Organic,

and Biological Chemistry: An Integrated Approach, Second Edition.

Chemistry Case Studies For Allied Health Students Written by Colleen Kelley and
Wendy Weeks. This manual was designed to bring relevance and critical thinking skills
to the allied health chemistry course. Students are encouraged to become “diagnosti-
cians” and apply their newly-acquired chemistry knowledge to solving real life health
and environmental cases. The case manual also encourages a holistic approach by ask-
ing students to synthesize information across topics.
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SUPPORT
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PowerPoint Lecture Slides Created by Colleen Kelley, Pima Community College,
these slides contain lecture outlines and key topics from each chapter of the text, along
with supporting artwork and figures from the text. The slides also contain assessment
questions and questions for in-class discussion.

WileyPlus Homework Management System WileyPlus is a powerful on-line tool that
provides a completely integrated suite of teaching and learning resources in one easy-
to-use web site. WileyPlus integrates Wiley’s world-renowned content with media,
including a multimedia version of the text, PowerPoint slides, on-line assessment,
and more.

Digital Image Archive The text web site includes downloadable files of text images in
JPEG format.

Test Bank Written by John Singer, Jackson Community College, the test bank
includes multiple choice, true/false, and short answer questions.

Computerized Test Bank The IBM and Macintosh compatible version of the entire
Test Bank has full editing features to help the instructor customize tests.

Instructor’s Manual Written by Colleen Kelley, Pima Community College, this
supplement provides Chapter Summaries and lecture outlines.

Instructor’s Solutions Manual Written by Adeliza Flores, of Las Positas College, this
supplement contains worked-out solutions to all of the end-of-chapter problems.
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