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A LEARNING PACKAGE BUILT TO ENSURE YOUR SUCCESS, THIS TEXTBOOK IS

INTEGRATED WITH THE MOST ADVANCED CHEMISTRY TUTORIAL MEDIA AVAILABLE.

GENERAL CHEMISTRY

For instructor-assigned homework, MasteringGeneralChemistry™
(www.masteringgeneralchemistry.com) provides the first adaptive-learning
online tutorial and assessment system. Based on
extensive research of precise concepts students
struggle with, the system is able to coach you
with feedback specific to your needs, and simpler
subproblems and help when you get stuck. The
result is targeted tutorial help to optimize your
study time and maximize your learning.

REQUIRED for access t

STUDENT ACCESS KIT

GENERAL CHEMISTRY

AVERILL / ELDREDGE
CHEMISTRY: PRINCIPLES, PATTERNS, AND APPLICATIONS

WIDEVARIETY
OF ANSWER TYPES o=

For self study, the

open-access website

The Chemistry Place™
(www.aw-bc.com/chemplace)
provides interactive graphs,
multiple-choice quizzes,
animated molecular structures,
flashcards, InterAct Math and
many other interactive resources
to enhance your learning.

¥ the ;
“(®hemistry
- place

-Om Flash, Shockwaye/QdickTime, and Chime-

If your professor requires
MasteringGeneralChemistry as a compo-
nent of your course, your purchase of a
new copy of Averill/Eldredge Chemistry:
Principles, Patterns, and Applications,
already includes a free Student Access Kit.
You will need this Access Kit to register.

If you did not purchase a new textbook and
your professor requires you to enroll in
MasteringGeneralChemistry, you may pur-
chase online access with a major credit card.
Go to www.masteringgeneralchemistry.com
and follow the links to purchasing online.

Minimum System Requirements

System requirements are subject to change.

See website for the latest requirements.

Windows: 250 MHz CPU; OS Windows 98,

NT, 2000, XP

Macintosh: 233 MHz CPU; 0S 9.2, 10.2, 10.3

RedHat Linux 8.0, 9.0

All:

e 64 MB RAM

e 1024 x 768 screen resolution

e Browsers (OS dependent): Firefox 1.0,
Internet Explorer 6.0, Mozilla 1.7,
Netscape 7.2, Safari 1.3

e Flash 7.0

MasteringGeneralChemistry™ is powered
by MyCyberTutor by Effective Educational
Technologies

Minimum System Requirements ;
System requirements are subject to change ./
See website for the latest requirements,
Windows: 266 MHz CPU; OS Windows 98,
NT, 2000, XP _ e
Macintosh: 266 MHz CPU; OS 9.2, 10.’;2‘,'
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Preface to the Instructor

In this new millenium, as the world faces new and extreme challenges, the importance
of acquiring a solid foundation in chemical principles has become increasingly central
to understanding the challenges that lie ahead. Moreover, as the world becomes more
integrated and interdependent, so too do the scientific disciplines. The divisions
between fields such as chemistry, physics, biology, environmental sciences, geology,
and materials science, among others, have become less clearly defined. This text
addresses the closer relationships developing among various disciplines and shows the
relevance of chemistry to contemporary issues in a friendly and approachable manner.

Because of the enthusiasm of the majority of first-year chemistry students for bio-
logically and medically relevant topics, this text uses an integrated approach that
includes explicit discussions of biological and environmental applications of chemistry.
Topics relevant to materials science are also introduced in order to meet the more spe-
cific needs of engineering students. To integrate this material, simple organic structures,
nomenclature, and reactions are introduced very early in the text, and both organic and
inorganic examples are used wherever possible. This approach emphasizes the distinc-
tions between ionic and covalent bonding, thus enhancing the students’ chance of suc-
cess in the organic chemistry course that traditionally follows general chemistry.

Our overall goal is to produce a text that introduces the students to the relevance
and excitement of chemistry. Although much of first-year chemistry is taught as a
service course, there is no reason that the intrinsic excitement and potential of chem-
istry cannot be the focal point of the text and the course. We emphasize the positive
aspects of chemistry and its relationship to students’ lives; this approach requires
bringing in applications early and often. Unfortunately, we cannot assume that stu-
dents in these courses today are highly motivated to study chemistry for its own sake.
The explicit discussion of biological, environmental, and materials applications from
a chemical perspective is intended to motivate the students and help them appreciate
the relevance of chemistry to their lives. Material that has traditionally been relegated
to boxes, and perhaps perceived as peripheral by the students, has been incorporated
into the text to serve as a learning tool.

To begin the discussion of chemistry rapidly, the traditional first chapter introduc-
ing units, significant figures, conversion factors, dimensional analysis, and so on has
been reorganized in this book. The material has been placed in the chapters where the
relevant concepts are first introduced, thus providing three advantages: it eliminates
the tedium of the traditional approach, which introduces mathematical operations at
the outset, and thus avoids the perception that chemistry is a mathematics course; it
avoids the early introduction of operations such as logarithms and exponents, which
are typically not encountered again for several chapters and may easily be forgotten
when they are needed; and it provides a review for those students who have already
had relatively sophisticated high school chemistry and math courses, although the
sections are designed primarily for students unfamiliar with the topics.

Our specific objectives include the following:

m To write the text at a level suitable for science majors, but using a less formal writ-
ing style that will appeal to modern students.

m To produce a rruly integrated text that gives the student who takes only a single
year of chemistry an overview of the most important subdisciplines of chemistry,
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including organic, inorganic, biological, materials, environmental, and nuclear
chemistry, thus emphasizing unifying concepts.

m To introduce fundamental concepts in the first two-thirds of the chapter and then
applications relevant to the health sciences or engineers, thus providing a flexible
text that can be tailored to the specific needs and interests of the audience.

m To ensure the accuracy of the material presented, which is enhanced by the authors’
breadth of professional and research experience.

m To produce a spare, clean, uncluttered text that is not distracting to the student, one
in which each piece of art serves as a pedagogical device.

m To introduce the distinction between ionic and covalent bonding and reactions
early in the text, and to continue to build on this foundation in the subsequent dis-
cussions while emphasizing the relationship between structure and reactivity.

m To use established pedagogical devices to maximize students’ ability to learn
directly from the text. Copious worked examples in the text, problem-solving
strategies, and similar unworked exercises with solutions are included. End-
of-chapter problems are designed to ensure that students have grasped major con-
cepts in addition to testing their ability to solve numerical problems. Problems
emphasizing applications are drawn from many disciplines.

m To emphasize an intuitive and predictive approach to problem solving that relies
on a thorough understanding of key concepts and recognition of important patterns
rather than on memorization. Many patterns are indicated throughout the text by a
“Note the Pattern” feature in the margin.

The text is organized by units that discuss introductory concepts, atomic and
molecular structure, the states of matter, kinetics and equilibria, and descriptive inorganic
chemistry. The text divides the traditional chapter on liquids and solids into two chapters
in order to expand the coverage of important topics such as semiconductors and super-
conductors, polymers, and engineering materials. Part V, included in the complete edition
of the text, is a systematic summary of the descriptive chemistry of the elements organ-
ized by position in the periodic table; it is designed to bring together the key concepts
introduced in the preceding chapters: chemical bonding, molecular structure, kinetics,
and equilibrium. A great deal of descriptive chemistry will have been introduced prior to
this point, but only in ways that are germane to particular points of interest.

In summary, our hope is that this text represents a step in the evolution of the
general chemistry textbook toward one that reflects the increasing overlap between
chemistry and other disciplines. Most important, the text discusses exciting and rele-
vant aspects of biological, environmental, and materials science that are usually rele-
gated to the last few chapters, and it provides a format that allows the instructor to
tailor the emphasis to the needs of the class. By the end of Part I (Chapter 5), the
student will have been introduced to environmental topics such as acid rain, the ozone
layer, and periodic extinctions, and to biological topics such as antibiotics and the
caloric content of foods. Nonetheless, the new material is presented in a way that min-
imally perturbs the traditional sequence of topics in a first-year course, making the
adaptation easier for instructors.

Supplements

A full set of print and media supplements is available for the student and the instruc-
tor, which are designed to enhance in-class presentations, to engage students in class-
room discussion, and to assist students outside the classroom.

For the instructor:

Instructor Solutions Manual: Complete solutions to all of the end-of-chapter prob-
lems in the textbook.
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Instructor Guide: Includes chapter overviews and outlines, suggestions for lecture
demonstrations, teaching tips, and a guide to the print and media resources avail-
able for each chapter.

Test Bank (print and electronic formats): More than 1000 questions to use in creat-
ing tests, quizzes, and homework assignments.

Transparency Acetates: 300 full-color illustrations and tables to enhance class-
room lectures.

Instructor Resource CD-ROM: All images and tables from the book in jpeg and
PowerPoint format, a PowerPoint lecture outline for each chapter, Clicker Ques-
tions, interactive graphs, interactive 3-D molecular structures, and links to student
resources online.

Clicker Questions (for use with Classroom Response Systems): Five questions
per chapter written to inspire in-class discussion and test student understanding of
material. '

PowerPoint Lecture Outline: Hundreds of editable slides for in-class presentations.

MasteringGeneralChemistry™: The most advanced online homework and tutorial
system available provides thousands of problems and tutorials with automatic
grading, immediate wrong-answer specific feedback, and simpler questions upon
request. Problems include randomized numerical and algebraic answers and
dimensional analysis. Instructors can compare individual student and class results
against data collected through pre-testing of students nationwide.

For the student:

Student Solutions Manual: Detailed, worked-out solutions to selected end-of-
chapter problems in the textbook.

Chemistry Place for General Chemistry: Features chapter quizzes, interactive 3-D
molecular structures, interactive graphs, and InterAct Math for General Chemistry.

Study Guide: Study and learning objectives, chapter overviews, problem-solving
tips, and practice tests.

MasteringGeneralChemistry: The first adaptive-learning tutorial system that
grades students” homework automatically and provides Socratic tutorials with
feedback specific to errors, hints and simpler subproblems upon demand, and
motivation with partial credit. Pre-tested on students nationally, the system is
uniquely able to respond to students’ needs, effectively tutoring and motivating
their learning of the concepts and strengthening their problem-solving skills.
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RELEVANT, INNOVATIVE, INFORMATIVE

Chemistry: Principles, Patterns, and Applications is rich in applications that

make chemistry relevant to students' lives and provides an innovative approach

to learning principles, recognizing patterns, and solving problems.

Chapter openers
provide Learning
Objectives and
Chapter Outlines.

Selected chapters
include Essential Skill
sets, which help students
build the requisite skills
for understanding the
equations and working
the problems featured in
the chapter.
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LEARNING OBJECTIVES

To recognize the breadth,
depth, and scope of
chemistry

To understand what is meant
by the scientific method

To be able to classify matter
To understand the
development of the atomic
model

To know the meaning of
isotopes and atomic masses
To become familiar with the
periodic table and to be able
to use it as a predictive tool

CHAPTER OUTLINE

Chemistry in the Modern
World

The Scientific Method

A Description of Matter

A Brief History of
Chemistry

The Atom

Isotopes and Atomic Masses

Introduction to the Periodic

Table
Essential Elements

ESSENTIAL SKILLS 1

Units of Measurement
Scientific Notation
Significant Figures
Accuracy and Precision

Introduction
to Chemistry

intend to become professional chemists may well wonder why you

need to study chemistry. In fact, as you will soon discover, a basic
understanding of chemistry is useful in a wide range of disciplines and
career paths. You will also discover that an understanding of chemistry
helps you make informed decisions about many issues that affect you, your
community, and your world. A major goal of this text is to demonstrate the
importance of chemistry in your daily life and in our collective understand-
ing of both the physical world we occupy and the biological realm of which
we are a part. The objective of this chapter is to introduce the breadth, the
importance, and some of the challenges of modern chemistry, and to present
some of the fundamental concepts and definitions you will need to under-
stand how chemists think and work.

3 s you begin your study of college chemistry, those of you who do not

An atomic corral for electrons. A “corral” of 48 Fe atoms (yellow-orange) on a smooth Cu
surface (cyan-purple) confine the electrons on the surface of the Cu, producing a pattern of
“ripples” in the distribution of the electrons. Scientists assembled the 713-pm-diameter corral
by individually positioning Fe atoms with the tip of a scanning tunneling microscope.




Half-Lives

g Gen Chem

)

slower reaction will have a longer half-life.

The half-life of a first-order reaction under a given set of reaction conditions is a
constant. This is not true for zeroth- or second-order reactions. Most important, the
half-life of a first-order reaction is independent of the concentration of the reactants.
This becomes evident when we rearrange the integrated rate law for a first-order reac-
tion (Equation 14.23) to produce the following equation:

14.5 o H'alf-Lives and Radioactive Decay Kinetics

Another approach to describing reaction rates is based on the time required for the

ofa to ds to one-half its initial value. This period of time
is called the half-life of the reaction, written as fy/5. Thus, the half-life of a reaction is
the time required for the reactant concentration to decrease from [A]y to [A]y/2. If two
reactions have the same order, the faster reaction will have a shorter half-life and the

(14.31)

Half-lives and applications of some radi ive i

Radioactive Isotope Half-Life Typical Uses

Hydrogen-3 (tritium) 1226 yr Biochemical tracer

Carbon-11 20.39 min PET scans (biomedical imaging)
Carbon-14 5730 yr Dating of artifacts

Sodium-24 14.659 min Cardiovascular system tracer

Phosphorus-32 14.3 days Biochemical tracer

EXAMPLE 14.1

The anticancer drug cisplatin hydrolyzes in water with a rate constant of 1.5 X 10~% min~' at
pH 7.0 and 25°C. Calculate the half-life for the hydrolysis reaction under these conditions. If a
freshly prepared solution of cisplatin has a concentration of 0.053 M, what will be the concen-
tration of cisplatin after five half-lives? After 10 half-lives? What is the percent completion of
the reaction after five half-lives? After 10 half-lives?

Given Rate constant, initial concentration, and number of half-lives

Asked for Half life, final ions, and percent

Figure 8.1 A plot of potential energy vs.
internuclear distance for the interaction Repulsive interactions
between a gaseous Na* ion and a gaseous
Ion. Note that the energy of lht. sysxem

ata p
o, whcre the attractive nnd rciulswu

interactions are balanced.

-Total energy

Internuclear distance, r (pm) —

Potential energy (kJ/mol)

L

Attractive interactions

— Key graphs are provided in

_ an interactive format online
atThe Chemistry Placeto
. enhance understanding.

The Ozone Layer and Chlorofluorocarbons

Each year since the mid-1970s, scientists have noted a disappearance of approximately
70% of the ozone (O3) layer above Antarctica during the Antarctic spring, creating
what is commonly known as the “ozone hole.” In 2003, the Antarctic ozone hole
measured 11.1 million square miles, slightly larger than the size of North America but
smaller than the largest ever recorded, in the year 2000, when the hole covered 11.5
million square miles and for the first time extended over a populated area—the city of
Punta Arenas, Chile (population 120,000).

September 1988



