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y goal in writing this text was to relate the fundamental concepts of general, organic, and

biological chemistry to the world around us, and in this way illustrate how chemistry
explains many aspects of everyday life. I have followed two guiding principles: use relevant and
interesting applications for all basic chemical concepts, and present the material in a student-
friendly fashion using bulleted lists, extensive illustrations, and step-by-step problem solving.

This text is different—by design. Since today’s students rely more heavily on visual imagery
to learn than ever before, this text uses less prose and more diagrams and figures to reinforce
the major themes of chemistry. A key feature is the use of molecular art to illustrate and explain
common phenomena we encounter every day. Each topic is broken down into small chunks of
information that are more manageable and easily learned. Students are given enough detail to
understand basic concepts, such as how soap cleans away dirt and why trans fats are undesirable
in the diet, without being overwhelmed.

This textbook is written for students who have an interest in nursing, nutrition, environmen-
tal science, food science, and a wide variety of other health-related professions. The content of
this book is designed for an introductory chemistry course with no chemistry prerequisite, and is
suitable for either a two-semester sequence or a one-semester course. I have found that by intro-
ducing one new concept at a time, keeping the basic themes in focus, and breaking down complex
problems into small pieces, many students in these chemistry courses acquire a new appreciation
of both the human body and the larger world around them.

BUILDING THE TEXT

Writing a textbogok is a multifaceted process. McGraw-Hill’s 360° Development Process is an
ongoing, nevér ending market-oriented approach to building accurate and innovative print and
digital products. It is dedicated to continual large scale and incremental improvement, driven by
multiple customer feedback loops and checkpoints. This is initiated during the early planning
stages of new products and intensifies during the development and production stages, and then
begins again upon publication, in anticipation of the next edition. This process is designed to
provide a broad, comprehensive spectrum of feedback for refinement and innovation of learning
tools, for both student and instructor. The 360° Development Process includes market research,
content reviews, faculty and student focus groups, course- and product-specific symposia, accu-
racy checks, and art reviews, all guided by a carefully selected Board of Advisors.

THE LEARNING SYSTEM USED IN GENERAL, ORGANIC,
AND BIOLOGICAL CHEMISTRY

* Writing Style A concise writing style allows students to focus on learning major concepts
and themes of general, organic, and biological chemistry. Relevant materials from everyday
life are used to illustrate concepts, and topics are broken into small chunks of information
that are more easily learned. ;

* Chapter Outline The chapter outline lists the main headings of the chapter, to help stu-
dents map out the organization of each chapter’s content.
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* Chapter Goals, tied to end-of-chapter Key Concepts The Chapter Goals at the begin-

ning of each chapter identify what students will learn, and are tied numerically to the
end-of-chapter Key Concepts, which serve as bulleted summaries of the most important
concepts for study.

e
CHAPTER OUTLINE [ O RO NN 7% Pl T S i B et il 0 e e i
24 Elsments © How is the name of an element abbreviated and how does @ What are the basic features of the periodic table? (2.4)
22 Swuctin of the Asm | ! the periodic table help to classify it as a metal, nonmetal, « The periodic table is a schematic of all known elements,

2.3 Iestopes or metalloid? (2.1) arranged in rows (periods) and columns (groups),

24

28
26
27

The Patiodic Table
Elugtroni Stctupe.

Pty

* An element is abbreviated by a one- or two-letter symbol.
The periodic table contains a stepped line from boron
to astatine. All metals are located to the left of the line.
All nonmetals except hydrogen are located to the right
of the line, The seven elements located along the line are
metalloids,

‘What are the basic components of an atom? (2.2)

* An atom is composed of two parts: a dense nucleus
containing positively charged protons and neutral neutrons,
and an electron cloud containing negatively charged
electrons. Most of the mass of an atom resides in the
nucleus, while the electron cloud contains most of its
volume,

organized so that elements with similar properties are
grouped together.

* The vertical columns are assigned group numbers using two
different numbering schemes—1-8 plus the letters A or B:
or 1-18.

+ The periodic table is divided into the main group elements
(groups 1A-BA), the transition metals (groups 1B-8B), and
the inner transition metals located at the bottom.

@ How are electrons arranged around an atom? (2.5)

* Electrons occupy discrete energy levels, organized into
shells (numbered 1. 2, 3, and so on), subshells (s, p. d,
and f), and orbitals.

*+ Each orbital can hold two electrons.

i  isotapus i calculate

m‘ o * The atomic number (Z) of a neutral atom tells the number of © What rules i —
1 Describe thy iasie Sasires of Bhe protons and the number of electrons. The mass number (A) atom? (2.6)
pmiadic tabils is the sum of the number of protons (Z) and the number of g . P "
@ Undiuretaneiihie viebonie s Thetitons, * To write the ground state electronic configuration of an
i, atom, electrons are added to the lowest energy orbitals,
@ Writa un slecsrinle banfiguretion for © What are isotopes and how are they related to the atomic giving each orbital two electrons. When two orbitals are
an wlemiont : i weight? (2.3) equal in energy, one electron is added to each orbital until
B Rwlata the tochtion of m shemant in + Isotopes are atoms that have the same number of protons the orbitals are half-filled.
::"“ m‘:ﬁuﬂwﬂmmlt " but a different number of neutrons. The atomic weight is « Orbital diagrams that use boxes for orbitals and arrows
‘ : the weighted average of the mass of the naturally occurring for electrons indicate electronic configuration. Electron
9. Somm numR isotopes of a particular element. configuration can also be shown using superscripts to show
il B Vs the puriodi sable bo a how many electrons an orbital contains. For example, the
ralativa sian and lante ‘ electron configuration of the six electrons in a carbon atom
Y ~ is 1s%25%2p* J
- 2

-~ Al

Macro-to-Micro Illustrations Because today,’s students are visual learners, and because
visualizing molecular-level representations of macroscopic phenomena is critical to the
understanding of any chemistry course, many illustrations in this text include photos or
drawings of everyday objects, paired with their molecular representation, to help students
visualize and understand the chemistry behind ordinary occurrences.

Problem Solving Sample Problems lead students through the thought process tied to suc-
cessful problem solving by employing Analysis and Solution parts. Sample Problems are
categorized sequentially by topic to match chapter organization, and are often paired with prac-
tice problems to allow students to apply what they have just learned. Students can immediately
verify their answers to the follow-up problems in the appendix at the end of the book.

How To’s Key processes are taught to students in a straightforward and easy-to-understand
manner by using examples and multiple, detailed steps to solving problems.

Applications Common applications of chemistry to everyday life are found in margin-placed
Health Notes, Consumer Notes, and Environmental Notes, as well as sections entitled “Focus
on Health & Medicine,” “Focus on the Environment,” and “Focus on the Human Body.”

OUR COMMITMENT TO SERVING TEACHERS AND LEARNERS

TO THE INSTRUCTOR  Writing a new chemistry textbook is a colossal task. Teaching chem-
istry for over 20 years at both a private, liberal arts college and a large state university has given
me a unique perspective with which to write this text. I have found that students arrive with vastly
different levels of preparation and widely different expectations for their college experience. As
an instructor and now an author I have tried to channel my love and knowledge of chemistry into
a form that allows this spectrum of students to understand chemical science more clearly, and
then see everyday phenomena in a new light.

TO THE STUDENT 1 hope that this text and its ancillary program will help you to better
understand and appreciate the world of chemistry. My interactions with thousands of students in
my long teaching career have profoundly affected the way I teach and write about chemistry, so
please feel free to email me with any comments or questions at jgsmith @hawaii.edu.



P.A.\V.E. the Way to Student Learning

Write a balanced equation for the reaction of ghicase (CgH,;0,) with oxygen (Oy) to form )

carbon dioxide (CO,) and water (H,0).

ANALYS Balance an equation with coefficients, one element at a time, beginning with the most complex
formula and starting with an element that appears in only one formula on both sides of the
equation. Continue placing coefficients until the number of atoms of each element is equal on
both sides of the equation.

‘Write the equation with correct formulas.

CoHizOg + O;
ghucose
« None of the elements is balanced in this equation. As an example, there are 6 C's on the left
side, but only | C on the right side.
Balance the equation with coefficients one element at a time.
= Begin with glucose, since its formula is most complex. Balance the 6 C's of glucose
by placing the coefficient 6 before CO,. Balance the 12 H's of glucose by placing the
coefficient 6 before H;0.

- €0, + HO

Place a & to balance C's.
CH.Op + O —— 6CO; + 8HO
E Place a & 1o balance H's. 4
« The right side of the equation now has 18 O's. Since glucose already has 6 O's on the left

side, 12 additional O's are needed on the left side. The equation will be balanced if the
coefficient 6 is placed before O,.

CHiOp + 60, + BCO; + 8H0

and provides energy for bodily
functions.

Place a 6 to balance O's,

Practice chemistry through
stepped-out practice problems and
end-of-chapter problems categorized
sequentially by topic to match chapter
organization. How-To boxes offer
step-by-step strategies for difficult
concepts.

Check.
* The equation is balanced since the number of atoms of each element is the samg
Answer: CgHi0, + 60, —— 800, + 6HO EXAMPLE

Atoms In the reactants: Atoms in the products:
+6Cs +6C's (6 % 1C)

*12H's *12H's (6 x 2H's)
+180's(1 x60's) + (6 x20's) *1808(6x20%) + (8%

PROBLEM 5.4 Write a balanced equation for each reaction:

a Hy 4+ 0, — H,0 ¢ Fe + 0y — Fey0,
b NO + 0, — NO, d. CHy + Cly * CH,Cl, + H|

PROBLEM 5.5 Write a balanced equation for the following reaction, shown with molecular art.

HOW TO  Convert Moles of React

tep (1]

to Grams of Praduct

In the upper atmosphere, high-energy radiation from the sun converts oxygen (O;) to ozone (Oy). Using the bal-
anced equation, how many grams of O, are formed from 9.0 mol of 0,7

sunlight

3049) 204(g)

Convert the number of moles of reactant to the number of moles of product using a mole-mole conversion factor.

* Use the coefficients in the balanced chemical equation to write mole-male conversion factors.

Imoi0; | Z2mol0y |
2mol 0, Imal 0,

Choose this conversion
factor 1o cancel mol O,

* Muktiply the number of males of starting material (9.0 mol) by the conversion factor to give the number of moles
of product. In this example, 6.0 mol of O, are formed.

Moles of

product
9.0mal 20005 _ oot
mAC; X Imd0, %

Moles O; cancel

Convert the number of moles of product to the number of grams of product using the product’s molar mass.

= Use the molar mass of the product (O3) to write a conversion factor. The molar mass of O, is 48.0 g/mol
(30 atoms X 16.0 g/mel for each O atom = 48.0 g/mol)

1m0, - 48090, |,

Choose this
48090, Tmol Oy |

factor 10 cancel mol.

* Multiply the number of moles of product (from step [1]) by the conversion factor to give the number of grams of

product.
Moles of Grams of
product product |
6.0 70! O, 090 288 g, rounded 1o 290 g o O;
yr ¥ 1100105 - 8 Lhb
Moles cancel. Acgwer

Apply chemistry through “Focus on
Health & Medicine,” “Focus on the Human
Body,” and “Focus on the
Environment” sections
woven throughout the text.
Chemistry applications are
also woven into margin
N Ethanol is used as a gasaline
notes that cover topics S Ay S
comes from com and other
on consumer, health, and g Aol it
. . water. Ethanol produced from
environmental issues. orans i  renowabie resourc.
whereas ethanol produced from
ethylene is not, because ethylene
is made from crude oil. Thus,
running your car on gasohol
(gasoline mixed with ethanal)
reduces our reliance on fossil
fuels only if the ethanol is pro-
duced from renewable sources
such as grains or sugarcane.
S \_

14.6 FOCUS ON HEALTH & MEDICINE
ETHANOL, THE MOST WIDELY ABUSED DRUG

Throughout history, humans have ingested alcoholic beverages for their pleasant taste and the
feeling of euphoria they impart. Although we think of alcohol as a stimulant, largely because small
amounts decrease social inhibitions, the ethanol (CHyCH,OH) in an alcoholic beverage actually
depresses the central nervous system. The chronic and excessive consumption of alcoholic bever-
ages has become a major health and social crisis, making ethanol the most widely abused drug in the
United States, One estimate suggests that there are 40 times more alcoholics than heroin addicts.

14.6A THE METABOLISM OF ETHANOL

When ethanol is consumed, it is quickly absorbed in the stomach and small intestines and then
rapidly transported in the bloodstream to other organs. Ethanol is metabolized in the liver, by a
two-step oxidation sequence. The body does not use chromium reagents as oxidants. Instead,
high molecular weight enzymes, alcohol dehydrogenase and aldehyde dehydrogenase, and a
small molecule called a coenzyme carry out these oxidations.

The products of the biological oxidation of ethanol are the same as the products formed in the
laboratory, When ethanol (CHyCH,OH. & 1° alcohol) is ingested. it is oxidized in the liver first to
CH,CHO (acetaldehyde), and then to CH;COOH (acetic acid).

10] 0]

CH,CH;—OH

alconol aldahyde
ethano! acetic acid

1f more ethanol is ingested than can be metabolized in a given time period, the concentration of
c This toxic is bie for the feelings associated with

a hangover

Antabuse, a drug given to alcoholics to prevent them from consuming alcoholic beverages, acts
by interfering with the normal oxidation of ethanol. Antabuse inhibits the oxidation of acetalde-
hyde to acetic acid. Since the first step in ethanol metabolism occurs but the second does not, the
concentration of acetaldehyde rises, causing an individual to become violently il
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W FIGURE 5.2 Chemistry of an Automobile Airbag

a. The chemical reaction that infiates an airbag

b. An airbag deployed in a head-on collision

inflated airbag

inflator

crash sensor

NaN;

sodium azide

v 6 Te Regulati tl
A severe car crash triggers an airbag to deploy when an electric sensor causes sodium azide (NaN;) to ignite, converting it SRS emperature Regulasion io the Bady

(Na) and nitrogen gas (N,). The nitrogen gas causes the bag to inflate fully in 40 milliseconds, helping to protect passengery
Injury. The sodium atoms formed in this first reaction are hazardous and subsequently converted to a safe sodium salt. It tog

_-hypothalamus—the
develop a reliable airbag system for automobiles.

temperature controller

Visualize chemistry through a dynamic art program
that brings together macroscopic and microscopic
representations of images to help students comprehend
on a molecular level. Many illustrations include photos or
drawings of everyday objects, paired with their molecular

_~Sweat glands are stimulated when
~~ | temperature Increases to cool the
body by evaporation.

[ _-Blood vessels dilate to release
more heat or constrict to release

.. less heat as temperature changes.
representation, to help students understand the chemistry T - sensofynene ending” ( SRR
[ * . . - . capillaries 3
behind ordinary occurrences. Many illustrations of the ’ e
When the temperature in the environment around the body changes, the body works to
1 ifi 1 i 1 countéract the change, in a methqd similar to Le Chatelier’s principle. The hypothalamus
human body include magnifications for specific anatomic hooprr v 55t ot e i e =
regions, as well as representations at the microscopic level, e e N e e

for today’s visual learners.

626 CARBOHYDRATES

20.5 DISACCHARIDES

are of two ides. Disaccharides are
acetals, compounds that contain two alkoxy groups (OR groups) bonded to the same carbon
Recall from Section 16.8 that reaction of a hemiacetal with an alcohol forms an acetal.

- hemiacetal acetal
—0 ,va

Y—OH + CHOH -
-

Y—OCHy + HO

In a similar fashion, a disaccharide results when a hemiacetal of one monosaccharide reacts with
a hydroxyl group of a second monosaccharide to form an acetal. The new C—O bond that joins
the two rings together is called a glycosidic linkage.

[E— —— Engage students with a unique writing

5 o [ —0 0.

o Jpon w0 row —— ( fox( om + mo style that matches the method in which
a2 32 '7 .
e sk students learn. Key points of general,
e e Gnmeissesn organic, and biological chemistry, along with
The two monosaccharide rings may be bered or s Al d . . ] )
e cat, he cebon 1 e g bot s vpen e attention-grabbing applications to consumer,
I A et e ki s A, environmental, and health-related fields, are
Xy woven together in a succinct style for today's
n——o... N,**ON \_/:‘;n i
K Sl 4K A, \ i to-the-point readers.
o glycoside B glycoside
Maltose gets its name from malt, the The glycoside bond is down, The giycoside bond is up.
liquid obtained from barley used in
the brewing of beer. 1= 4-a-glycosidic inkage 1+ 4-8-giycosidic inkage
A B
,,..' ‘..‘ « An a glycoside has the glycosidic linkage oriented down, below the plane of the ring that
o ® contains the acetal joining the monosaccharides.
_‘% &' * A B glycoside has the glycosidic linkage oriented up, above the plane of the ring that
., contains the acetal joining the monosaccharides.

Numbers are used to designate which ring atoms are joined in the disaccharide. Disaccharide A

@ g’ o haval-d-ocglycosidic inkage since the glycoside bond is orinted down and joins C1 of ane
e 0e @ ring1oCé ofthe othr. Disaccharide B s 11— linkage since the glycoside bond
’ 9 J . is oriented up and joins C1 of one ring to C4 of the other
« Sample Problem 20.6 illustrates these structural features in the disaccharide maltose. Maltose,
L] which is formed by the hydrolysis of starch, is found in grains such as barley. Maltose is formed
marose from two molccules of glucose.
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PREFACE

SUPPLEMENTS FOR THE INSTRUCTOR

Online Homework and Resources

McGraw-Hill offers online electronic homework along with a myriad of resources for both
instructors and students. Instructors can create homework with easy-to-assign algorithmically-
generated problems from the text and the simplicity of automatic grading and reporting. General,
Organic, & Biological Chemistry’s end-of-chapter problems appear in the online homework
system in diverse formats and with various tools.

Instructors also have access to PowerPoint lecture outlines, created by Andrea Leonard of
the University of Louisiana, Lafayette, which appear as ready-made presentations that combine
art and lecture notes for each chapter of the text. For instructors who prefer to create their lectures
from scratch, all illustrations, photos, and tables are pre-inserted by chapter into blank Power-
Point slides.

An online digital library contains photos, artwork, animations, and other media types that
can be used to create customized lectures, visually enhanced tests and quizzes, compelling course
websites, or attractive printed support materials. All assets are copyrighted by McGraw-Hill
Higher Education, but can be used by instructors for classroom purposes. The visual resources
in this collection include:

e Art Full-color digital files of all illustrations in the book can be readily incorporated into
lecture presentations, exams, or custom-made classroom materials. In addition, all files are
pre-inserted into PowerPoint slides for ease of lecture preparation.

* Photos The photo collection contains digital files of photographs from the text, which can
be reproduced for multiple classroom uses.

* Tables Every table that appears in the text has been saved in electronic form for use in
classroom presentations and/or quizzes.

¢ Animations Numerous full-color animations illustrating important processes are also pro-
vided. Harness the visual impact of concepts in motion by importing these files into class-
room presentations or online course materials.

Instructor’s Solutions Manual

This supplement, prepared by Lauren McMills of Ohio University, contains complete, worked
out’solutions for all problems in the text. It can be found within the Instructor’s Resources for
this text on the Connect website.

Conjput‘é'ﬁzed Test Bank Online

A comprehensive bank of test questions prepared by Kathy Thrush-Shaginaw is provided within
a computerized test bank, enabling you to create paper and online tests or quizzes in an easy-
to-use program that allows you to prepare and access your test or quiz anywhere, at any time.
Instructors can create or edit questions, or drag-and-drop questions, to prepare tests quickly and
easily. Tests may be published to their online course, or printed for paper-based assignments.

SUPPLEMENTS FOR THE STUDENT

Student Study Guide/Solutions Manual

The Student Study Guide/Solutions Manual, prepared by Erin Smith and Janice Gorzynski
Smith, begins each chapter with a detailed chapter review that is organized around the chapter
goals and key concepts. The Problem Solving section provides a number of examples for solvirg
each type of problem essential to that chapter. The Self-Test section of each chapter quizzes
chapter highlights, with answers provided. Finally, each chapter ends with the solutions to all in-
chapter problems, as well as the solutions to all odd-numbered end-of-chapter problems.
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