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Preface

To the Instructor

Philosophy

Throughout the evolution of this text, certain goals have guided our writing ef-
forts. The first is that a text should show students the importance of chemistry
in their major areas of study as well as in their daily lives. It has been our expe-
rience that students are more enthusiastic about learning chemistry when they
are aware of its importance to their own goals and interests. With this in mind,
we have attempted, as much as space permits, to bring in interesting and sig-
nificant applications of chemistry. At the same time, the text provides students
with the necessary background in modem chemistry for their specialized stud-
ies, including more advanced chemistry courses.

Second, we want students to see not only that chemistry provides the
basis for much of what goes on in our world but also that it is a vital, con-
tinually developing science. We have kept the book up-to-date in terms of
new concepts and applications and have tried to convey some of the excite-
ment of the tield.

Third, we feel that if the text is to support your role as teacher effectively, it
must be addressed to the students. We have sought to keep our writing clear
and interesting and the book attractive and well-illustrated. Furthermore, we
have provided numerous in-text study aids for students, including carefully
placed descriptions of problem-solving strategies.

Organization

In the present edition, the first five chapters give a largely macroscopic, phe-
nomenological view of chemistry. The basic concepts introduced—such as
nomenclature, stoichiometry, and thermochemistry—provide necessary back-
ground for many of the laboratory experiments usually performed in general
chemistry. We believe that an early introduction to thermochemistry is desirable
because so much of our understanding of chemical processes is based on con-
siderations of energy change.

The next four chapters (Chapters 6-9) deal with electronic structure and
bonding. The focus then changes to the next level of the organization of matter:
the states of matter (Chapters 10 and 11) and solutions (Chapter 13). Also in-
cluded in this section is an applications chapter on the chemistry of modem ma-
terials (Chapter 12), which builds on the student’s understanding of chemical
bonding and intermolecular interactions.

The next several chapters examine the factors that determine the speed and
extent of chemical reactions: kinetics (Chapter 14), equilibria (Chapters 15-17),
thermodynamics (Chapter 19), and electrochemistry (Chapter 20). Also in this sec-
tion is an optional chapter on environmental chemistry (Chapter 18), in which
the concepts developed in preceding chapters are applied to a discussion of the
atmosphere and hydrosphere.

After a discussion of nuclear chemistry (Chapter 21), the final chapters sur-
vey the chemistry of nonmetals, metals, organic chemistry, and biochemistry
(Chapters 22-25). These chapters are developed in a parallel fashion and can be
treated in any order.

XX



Flexibliity: Careful writing allows
coverage of gases (Chapter 10)
and balancing redox equations
(Sections 20.1 and 20.2) at any
point in your course.

New: This edition features a
cleaner, easier-to-read design.

Visualization: There is more
molecular and compound
{micro/macro) art in this edition.

Problem-solving: New and
improved Strategies in Chemistry
essays show students how to
think like a chemist.

Problem-solving: More
integrative Exercises in this edition.

Probiem-solving: New Sample
Integrative Exercises show
students how to thread muitiple
concepts together to solve
complicated problems.
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Our chapter sequence provides a fairly standard organization, but we recognize
that not everyone teaches all of the topics in exactly the order we have chosen.
We have therefore made sure that instructors can make common changes in
teaching sequence with no loss in student comprehension. In particular, many in-
structors prefer to introduce gases (Chapter 10) after stoichiometry or after ther-
mochemistry rather than with states of matter. The chapter on gases has been
written to permit this change with 1o disruption in the flow of material. It is also
possible to treat the balancing of redox equations (Sections 20.1 and 20.2) earli-
er, after the introduction of redox reactions in Section 4.4.

We have always attempted to introduce students to descriptive chemistry
by integrating examples throughout the text. You will find pertinent and rele-
vant examples of “real” chemistry woven into all of the chapters as a means to
illustrate principles and applications. Some chapters, of course, more directly ad-
dress the properties of elements and their compounds, especially Chapters 4, 7,
12,18, and 22-25. We also incorporate descriptive chemistry in the end-of-chap-
ter exercises.

Changes in this Edition

Our major goal in the eighth edition has been to strengthen an already strong
textbook while retaining its effective and popular style. The traditional
strengths of Chemistry: The Central Science include its clarity of writing, its sci-
entific accuracy and currency, its strong end-of-chapter exercises, and its con-
sistency in level of coverage. In making changes to this edition, we have tried
to be responsive to the feedback we received from the faculty and students
who used the seventh edition. Students appreciate the student-friendly style of
writing, and we have preserved this style in the eighth edition. Sections that
have seemed most difficult to students have in many cases been rewritten and,
when possible, augmented with improved artwork. In order to make the text
easier for students to use, we have tried for an even more open, clean design
in the layout of the book.

The text also contains an improved art program that will better convey the
beauty, excitement, and concepts of chemistry to students. The expanded use of
computer-generated molecular art gives students a greater sense of molecular ar-
chitecture through ball-and-stick and space-filling representations of molecules.
Line art has been enhanced significantly, with a greater emphasis on three-di-
mensional representations. New photographs have been added throughout the
book. Our goal continues to be to use color to emphasize important points, to
focus the student’s attention, and to make the text attractive and inviting with-
out being distracting.

We continue to emphasize concept-oriented learning throughout the text.
Concept links (e=c) continue to provide easy-to-see cross-references to pertinent
material earlier in the text. The essays entitled Strategies in Chemistry, which pro-
vide advice to students on problem solving and “thinking like a chemist,” have
been rewritten and enhanced. The Integrative Exercises, introduced in the sev-
enth edition, have been well-received, and we have increased their number. They
give students the opportunity to solve problems that integrate concepts from
the present chapter with those of previous chapters. To further enhance the value
of these exercises, we have introduced in this edition a new feature, the Sample
Integrative Exercise: Putting Concepts Together. These in-text Sample Exercises,
which appear in all but the first few chapters, pose problems that have several
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parts. Some of the parts involve concepts and methods from earlier chapters.
The carefully worked-out solutions encourage students to see chemistry as an in-
tegrated whole rather than as a set of dissociated topics.

We have kept the text fresh by keeping it current. References to current
events help students relate their studies of chemistry with their everyday life
experiences. New essays in our well-received Chemistry at Work and Chemistry
and Life series emphasize world events, scientific discoveries, and medical
breakthroughs that have occurred since publication of the seventh edition. We
continue our focus on the positive aspects of chemistry, but without neglecting
the problems that can arise in an increasingly technological world. Our goal is
to help students appreciate the real-world perspective of chemistry and the
ways in which chemistry affects their lives.

You'll also find that we've:

e Revised the end-of-chapter Exercises, with particular focus on the black-
numbered exercises (those not answered in the Appendix).

* Added and integrated more conceptual questions into the end-of-chapter
material.

¢ Added eMedia Exercises to the end-of-chapter material. These exercises take
advantage of the integrated media components and extend students’ un-
derstanding, using the advantages that 3-D media presentations offer.

* Added a Web/CD icon to the margins to indicate where students can ex-
tend understanding of a concept or topic by looking at an activity located on
the Website or the Central Science Live Student CD-ROM.

* Carried the step-wise problem-solving strategy — introduced in Chapter 3
of the Seventh Edition — further into the book to provide more guidance in
problem solving.

¢ Reviewed and revised all chapters based on feedback from reviewers
and users. For example, we have:

—Fine tuned the discussion of molarity and titration.
— Added a new biomaterials section.
—Rewritten the section on acid-base titrations.

—Rewritten and revised several sections on kinetics to better explain key
concepts such as instantaneous rate, activation energy, and the Arrhenius
equation.

—Improved the introduction to thermodynamic concepts.

—Expanded the chapter on electrochemistry, adding subsections on the
molecular view of electrode processes and concentration cells and re-
vising the section on batteries.

—Revised the chapter on organic chemistry to include an overview of
previously covered topics of key importance and to include new sec-
tions on organic mechanisms and chirality.

Please see the next pages for more specific details about how the Eighth
Edition’s integrated learning program will help your students succeed.

Applications: New and
updated Chemistry at Work and
Chemistry and Life boxes.

Problem-solving: New eMedia
Exercises direct students to the
simulations and animations on
Central Science Live, the student
CD that accompanies this edition.

.-
-
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Supplements

For the Instructor

Annotated Instructor’s Edition (with Guide to Print and Media Resources)
(0-13-084090-4) This special instructor’s edition provides marginal notes
and information for instructors and TAs, including MATTER 2000 CD-ROM
and transparency icons, suggested lecture demonstrations, teaching tips,
and background references from the chemical education literature for key
topics.

Solutions to Exercises (0-13-084097-1) Full solutions to all end-of-chapter
exercises in the text are provided. With an instructor’s permission, this man-
ual may be made available to students.

Instructor’s Resource Manual (0-13-084102-1) This useful guide describes
all the different resources available to instructors and shows how to inte-
grate them into your course. Organized by chapter, this manual offers de-
tailed lecture outlines and complete descriptions of all available lecture
demonstrations, the animated concept sequences, all video demonstrations,
common student misconceptions, and much more.

Test Item File (0-13-084519-1) The Test Item File has been heavily revised
for this edition. It now includes integrated conceptual questions, and all
questions are unique to the Test Item File. A selection of more than 3500 test
questions is provided.

Prentice Hall Custom Test. This computerized version of the Test Item
File includes electronic versions of all 3500 test questions as well as the lat-
est Prentice Hall Test Manager Software. Test Manager allows you to create
and tailor exams to your own needs and includes tools for course manage-
ment, algorithmic question generation, and offering tests over a local area
network. Windows (0-13-084521-3); Macintosh (0-13-084522-1)

Transparencies (0-13-084510-8) Two hundred fifty full-color images are in-
cluded in an easy-to-use binder. For each transparency, we’ve made the type
larger for easier viewing in large classrooms.

Central Science Live — Companion Website http://www.prenhall.com/brown
In addition to the robust content for the student found on Central Science
Live, this Website gives you access to Syllabus Manager. This innovative tool
allows you to quickly construct an online syllabus. There, you can list all the
assignments and events for your class, as well as link to any specific online
modules, including those in the Central Science Live Companion Website.

Companion Website Plus Companion Website Plus includes all the content
from the Central Science Live Companion Website plus a set of tools that en-
ables you to direct, manage, analyze, and track your students’ use of the site.
Companion Website Plus gives you access to:

—Results Reporter, which allows you to track and analyze students’
progress. There are three types of reports you can access. You can view
them online or download them in spreadsheet format.

—Course Roster, which allows you to move students among multiple
course sections or drop them if they leave your course.

—Messaging, which enables you to send broadcast messages or private
e-mails to one student, a group of students, or even the whole class,
without having to type in a single address.
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e WebCT/Prentice Hall The WebCT Course Management System provides
faculty members with easy-to-use tools to create sophisticated Web-based
educational programs. Enhance a campus course or construct an entirely on-
line course using WebCT tools and Prentice Hall’s content. Instructors with
little or no technical experience can use a point-and-click navigation system
to design their own online course components, including setting up course
calendars, quizzes, assignments, lectures, and self-paced study help.

Prentice Hall can provide the content for a complete chemistry course
tailored to Brown/LeMay/Bursten and includes the entire text online. In ad-
dition to the gallery of animations, we provide quizzing and testing material
and a wide range of customizing options. For example, instructors can edit ques-
tions, modify /delete/add to the testing database, categorize material by level
of difficulty, award different point values for different problems, and give par-
tial credit.

See http://webct.prenhall.com for a demonstration.

¢ MATTER 2000: The Visual Presentation Resource. Windows (0-13-084523-X);
Macintosh (0-13-084524-8) This CD-ROM with Presentation Manager is
specific to Brown/LeMay /Bursten and features almost all the text art (over
500 pieces), an electronic version of the course outline from the instructor’s
resource manual, more than 90 movies (most created by text author Ted
Brown), and a complete set of lecture slides pre-built in PowerPoint using art
and movies specific to Brown/LeMay/Bursten.

¢ Chemistry Animation Video Series (0-13-719022-0) Fifty short (approxi-
mately one minute) animations — the same as on MATTER 2000 — on video-
tape in full-screen, broadcast-quality video for those who prefer VHS format.

For the Lab

» Laboratory Experiments (Nelson/Kemp) (0-13-084101-3) This manual in-
cludes 41 finely tuned experiments chosen to introduce students to basic lab
techniques and to illustrate core chemical principles. It contains pre-lab ques-
tions and detachable report sheets. This new edition has been revised to cor-
relate more tightly with the text. Safety and disposal information has also
been updated.

¢ Annotated Instructor’s Edition to Laboratory Experiments (0-13-084516-7)
This AIE combines the full student lab manual with front and back appen-
dices covering the proper disposal of chemical waste, safety instructions for
the lab, descriptions of standard lab equipment and materials, answers to
questions, and more.

For the Student

* Central Science Live — eMedia Chemistry Central Science Live — eMedia
Chemistry consists of two components, which can stand alone or work in
concert: the Student CD-ROM and the Companion Website. The Student
CD-ROM and the password for access to the Companion Website are both
found in the Brown/Lemay/Bursten Media Companion (0-13-084517-5 if you
are using CW; 0-13-086118-9 if you are using CW+).

Central Science Live — Student CD-ROM  This book-specific companion to
Chemistry: The Central Science, Eighth Edition presents core chemistry content in
a dynamic and interactive way. Designed specifically for students, it includes:
—Media-rich summaries of each section of material in the text.
—Sixty-one short animations presenting selected topics that are more
easily conveyed in a visual fashion, and 31 laboratory demonstration



video clips showing chemistry in live action. These are the same ani-
mations and demonstrations that instructors have on the MATTER 2000
Visual Presentation Resource.

—Forty interactive simulations (Java Applets) that enable.stu‘dents to
learn by doing experiments — by changing conditions, adjusting vari-
ables, and establishing trends.

—Interactive Quizzes linked to each animation, demonstration, and
simulation.

— An automatic link to the Central Science Live Companion Website.

—Selected figures from the textbook.
—Search capabilities for words and media elements, with links to text
content.
The software that runs this CD-ROM is a standard browser — just like
your students already use.

Central Science Live — Companion Website http://iwww.prenhall.com/brown
Now in its “Second Edition,” this innovative online resource center is de-
signed specifically to support and enhance Brown/LeMay/Bursten’s Chern-
istry: The Central Science, Eighth Edition. 1t features:

— A Problem-Solving Center where students have access to more than
2000 additional problems — including algorithmically generated ques-
tions and nen-multiple-choice questions — all organized by chapter,
each with specific hints and feedback.

__A Visualization Center, with pre-built 3-D models of molecules dis-
cussed in the text that can be manipulated in real-time and displayed
in different representations.

—Constantly updated Current Topics, linking your students to recently
published articles from the lay press, and a Web Resources Center that
links your students to other carefully selected, chemistry-related Websites.

— A Communications Center offering chatrooms, bulletin boards, and
other places where students can communicate with you, teaching as-
sistants, or classmates.

— An eBook, a media-rich, Web version of the textbook that enables stu-
dents to link directly from Web-based activities to the appropriate sec-
tions of the text. This allows students to work through Web exercises
without having the actual text in front of them.

« Solutions to Red Exercises (0-13-084099-8) Full solutions to all of the red-
numbered exercises in the text are provided. (Short answers to red exercis-
es are found in the appendix of the text).

e Solutions to Black Exercises (0-13-084098-X) Full solutions to all of the
black-numbered exercises in the text are provided.

e Student Guide (0-13-084095-5) This book assists students through the text
material with chapter overviews, learning objectives, review of key terms, cu-
mulative reviews, and self-tests. Included are answers to all Student Guide ex-
ercises. Chapter summaries are correlated to those in the Instructor’s
Resource Manual and on the MATTER 2000 Visual Presentation Resource
— the instructor’s CD-ROM.

» Math Review Toolkit (0-13-084103-X) This free book reinforces the skills
necessary to succeed in chemistry. It is keyed specifically to chapters in
Brown/LeMay/Bursten and includes additional mathematics review, prob-
lem-solving tools and examples, and a section on writing for the laboratory.

Preface XXV
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¢ Prentice Hall/The New York Times “Themes of the Times” — Chemistry
This innovative program is designed to bring current and relevant applica-
tions into the classroom. Adopters of Brown/LeMay/Bursten are eligible to
receive these unique “mini-newspapers” that bring together a collection of
the latest and best chemistry articles from the highly respected pages of The
New York Times. (Updated twice annually.)

* Prentice Hall Molecular Model Set for General and Organic Chemistry
(0-13-955444-0) This ball-and-stick model kit is designed for use in gener-
al chemistry and the student’s next course in organic chemistry. It includes
trigonal bipyramidal and octahedral atom centers as well as 14 carbon atoms.

To the Student

Chemistry: The Central Science, Eighth Edition, has been written to introduce you to
modern chemistry. During the many years we have been practicing chemists, we
have found chemistry to be an exciting intellectual challenge and an extraordi-
narily rich and varied part of our cultural heritage. We hope that as you advance
in your study of chemistry, you will share with us some of that enthusiasm, ex-
citement, and appreciation. We also hope that you will come to realize the impor-
tance of chemistry in your everyday life. As authors, we have, in effect, been
engaged by your instructor to help you learn chemistry. Based on the comments
of students and instructors who have used this book in its previous editions, we
believe that we have done that job well. Of course, we expect the text to continue
to evolve through future editions. We invite you to write to us to tell us what you
like about the book, so that we will know where we have helped you most. Also,
we would like to learn of any shortcomings, so that we might further improve the
book in subsequent editions. Our addresses are given at the end of the Preface.

Advice for Learning and Studying Chemistry

Learning chemistry requires both the assimilation of many new concepts and
the development of analytical skills. In this text, we have provided you with nu-
merous tools to help you succeed in both. We have provided details of the fea-
tures of this text in the “walk-through” on pages xxviii-xxxiii. You will find it
helpful to examine those features.

As you proceed through your course in chemistry, it is important for you to
develop good study habits to help you in the learning process. We offer the fol-
lowing tips for success in your study of chemistry:

Keep up with your studying day to day. In your chemistry course, new chem-
istry will build on material already presented. It is important not to fall behind;
if you do, you will find it much harder to follow the lectures and discussions on
current topics. Trying to “cram” just before an exam is generally a very ineffec-
tive way to study chemistry.

Focus your study. The amount of information you will receive in your chem-
istry course can sometimes seem overwhelming. It is essential to recognize those
concepts and skills that are particularly important. Listen intently to the guidance
and emphasis provided by your instructors. Pay attention to the skills stressed
in the sample exercises and homework assignments. Notice the italicized state-
ments in the text, and study the concepts presented in the chapter summaries.

Keep good lecture notes. Your lecture notes will provide you with a clear and
concise record of the required material and will contain the insight and expertise
provided by your instructors. Use your lecture notes in conjunction with this
text; that's your best way to determine which material to study.

i
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Skim topics in the text before they are covered in lecture. Reviewing a topic before
lecture will make it easier for you to take good notes. First read the Introduction
and Summary, then quickly read through the chapter, skipping Sample Exercis-
es and supplemental sections. Pay attention to the titles of sections and subsec-
tions, which give you an awareness for the scope of topics. Avoid the feeling that
you must learn and understand everything right away.

After lecture, carefully read the topics covered in class. You will probably need to
read assigned material more than once to master it. As you read, pay attention
to the concepts presented and to the application of these concepts in the Sample
Exercises. Once you think you understand a Sample Exercise, test your under-
standing by working the accompanying Practice Exercise. As you progress
through the text you will encounter Sample Integrative Exercises: Putting Concepts
Together. These are designed to help you see how concepts and methods learned
in earlier chapters can be put together with newly learned materials.

Learn the language of chemistry. As you study chemistry you will encounter
many new words. It is important to pay attention to these words and to know
their meanings, or the entities to which they refer. Knowing how to identify
chemical substances from their names is an important skill; it can help you avoid
painful mistakes on examinations.

Attempt all of the assigned end-of-chapter exercises. Working the exercises that
have been selected by your instructor provides necessary practice in recalling
and using the essential ideas of the chapter. You cannot learn merely by observ-
ing; you must be a participant. In particular, try to resist checking the Solutions
Manual (if you have one) until you have made a sincere effort to solve the exer-
cise yourself. If you really get stuck on an exercise, however, get help from your
instructor, your teaching assistant, or from another student. Spending more than
20 minutes on a single exercise is rarely effective unless you know that it is par-
ticularly challenging.

The bottom line is to work hard, study effectively, and use the tools that are
available to you, including this textbook. We want to help you learn more about
the world of chemistry and why it is the central science.
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A Student’s Guide to Using this Text

he following pages walk you through some of the main features of this text and its integrated media
components. This learning system was designed with you, the student, in mind. We hope you enjoy

your study of Chemistry—the central science.

Problem Solving

Learning effective problem-solving skills is one your most important goals in this course. To help you
solve problems with confidence, the text integrates proven problem-solving pedagogy.

Strategies in Chemistry
Strategies in Chemistry boxes teach you

#
L#*. Strategies in Chemistry Problem Solving

ways to analyze information and organize
thoughts, helping to improve your prob-
lem-solving and critical- thmkmg abilities.

o o AR AR

Ore aspect of chemistry is being able to deal with “word
,” problenws that are stated verbally, but have a
numerical answer. The key o success in problem solving is
practice. As you practice, you will find that you can im-
prove your skills by following these steps:
Step 1. Analyze the problem. Read the problem care-
fully for understanding. What does it say? Duwany plc-
ture or diagram that will help you visuali

data to the unknown? Recognize that some data may not
be given explicitly in the problem; you may be expected
to know certain quantities (such as Avogadro’s number)
or look them up in tables (such as atomic weights}. Rec-
ognize also that your plan may involve a single step or a
series of steps with intermediate answers.

Step 3 Solve rhe problm Use the known information

Write down the data you are given. Also, xdexmfy the
quantity that you need 1o obtain (the unknown), and write
it down.

Step 2. Deorbp & plan for sclmng lhe pmblem Consider
the given i and

and ionships to solve for the un-
known., Be careful with siyuﬁmm figures, signs, and units.

Step 4. Check the solution. Read the problem again to
make sure you have found all the solutions asked for in
the problem. Does your answer make sense? That is, is the
answer outra ! or small, or is it in the 2

SAMPLE EXERCISE 3.9
Caiculate the number of maoles of glucose, C,H, /0, in 5.380 g of this substance.

Solutin  Anslyze: We are given the number of grams of CH,,0, and asked to calcu-
late the number of moles in the sample.
Plan: The molar mass of a substa factor for converting
wnmﬁ.&nmw&d%&m:wdl&nswwa) lmol
uot'mlcoﬂlrov
Solpe: Uping the molar mass of C;H;,0; to write the appropriate conversion fac-

Moles CJH,/0, = (5380 g GyHOD (%;‘%f%) = 002969 mol CH,10,

Check: Because 5.380 £ is less than the molar mass, it is reasonable that our an-
swer be less than 1 mol. units of our answer (mol) are a; riate. The original
data had 4 significant figures, wmmwerhuiuguhmnm

End-of-Chapter Exercises

* The first section of exercises is grouped by topic. They are presented
in matched pairs, giving you multiple opportunities to test each
concept.

* Additional Exercises follow the paired exercises and are not categorized.

Many of these exercises draw on multiple concepts from within the
chapter

® Integrative Exercises appear at the end of appropriate chapters and
connect concepts from the current chapter with those from previous
chapters. They help you gain a deeper understanding of how
chemistry fits together. In addition, they serve as an overall review
of key concepts. Some chapters, where appropriate, contain a Sample
Integrative Exercise at the end of the chapter to allow you to
practice solving problems that encompass more than one concept.

¢ Answers are provided in the back of the book for red-numbered
exercises. More challenging exercises are indicated by brackets
around the exercise number.

L L R

Worked Solutions

¢ The solutions to Sample Exercises have been carefully
developed to demonstrate the step-by-step strategy
within the exercise solution. These help you understand
and integrate the thought processes involved in solving
each exercise.

* Following each Sample Exercise are Practice Exercises that
provide answers, but do not provide worked solutions.
These Practice Exercises give you instant feedback on your

| ——— ] understanding of key concepts.

integrative Exercises

5.96  Consider the combustion of a single molecule of
CH (). () How much energy, in [, 1s produced dur-
ing thus reachon? (b} A typical X-ray light source has
an energy of 8 keV. How does the energy of com-
bustion compare to the energy of the X-ray?

5.97  {a} Why do we generally expect that AE and AH will
be nearly the same for reactions in which all reac-
tants and products are in aqueous solution? (b) Con-
sider two aqueous metathesis reactions, one
producing a weak electrolyte, the other an insoluble
gas. For which of these reachons would the differ-
ence in the values of AE and AH be likely to be
greater? Explain.

5.98  Consider the following unbalanced oxidation-re-
duction reactions in aqueous solution.

SAMPLE INTECRATIVE EXERCISE 9: Putting Concepts Together

Elemental sulfur is a yellow solid that consists of Sy molecules. The structure of the S,
nﬂcﬁdeisapucheddght—mxbatddnq(ﬂgun?ﬁ). Hesting elemental sulfur to
high duces gaseous S :

P P

Suls) —= 45(9)

(a) With respect to electronic structure, which element in the second row of
the periodic table is most similar to sulfur? (b) Use the VSEPR model to Jndmt the
§—5—75 bond angles in S, and the hybridization at § in §,. {c) Use MO theory to
predict the sulfur-sulfur “ond order in 5;. Is the molecule ex 1o be diamag-
Netic or paramagnetic? (d} Use average bond end\llpm {Tub 8 4) t0 estimate the
enthalpy change for the above reaction. Is the

Solution (a} Sulfur is a grou Md&mlwﬁha(NeDs’Sp‘ekchmemﬂgmﬁon i3

is expected to be most similar electronically to oxygen (electron configur

[He)252p"), which is immediately above it in the periodic table. == (Chnpm'l -

troduction) (b) The Lewis structure of S, is shown here. There is a single bond be-

tween each of the sulfur atoms and two norbonding electron pairs on each S atom.
13 Wi
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End-of-Chapter Exercises (continued)

 eMedia Exercises are answered by using
the movies and simulations available on
the student CD-ROM. By answering
these questions, you will increase your
practical understanding of the material.
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Central Science Live—Companion Website
http://www.prenhall.com/brown

The Brown/LeMay/Bursten Website was designed
specifically to support and enhance your study of
chemistry. The site provides a Problem-Solving
Center where you have access to more than 2500
additional conceptual and quantitative exercises
(including algorithmically generated, multiple-choice
and essay questions). Each problem is categorized
by chapter and referenced to the text, and each
problem offers hints and specific feedback for
incorrect answers.

XXX
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4100 The Electrolyies and Non-Electrolyles movie

(eChapter 4.1} and the Aqueous Acids and Aqueous
Bases movies (eChapter 4.3) illustrate the behavior of
various substances in aqueous solution. For each of
the seven substances mentioned in the movies, write
the chemical equation that o to dissolu-
tion in water. (The chemical formula of sugar is
CiaHy0y,.) Where appropriate, use the double arrow
notation

In the Strong and Weak Electrolytes movie (eChap-
ter 4.1), the light bulb glows brightly when the
beaker contains aqueous hydrochloric acid, but rel-
atively dimly when the beaker contains aqueous
acetic acid. (a) For each of the compounds in Exercise
4.3, would you expect an aqueous solution to cause
the bulb to light? If so, how brightly? (b) Consider
the use of aqueous solutions of each of the follow-
ing compounds in the apparatus shown in the
dem 1. For each compound, would you ex-
pect the light bulb to glow brightly, dimly. or not at
all? HyCOy C;H{OH; NH,CL, CaFy; and HE.

(a) For each combination listed, predict what pre-
cipitate, if any, will form. (i) Na,COyag) and
Fel{NOx)sag); (i} NH Cliag) and Pb{NO,),laq); (iii)
AlBryiog) and FeiSO0ulag): 1iv) HS0,laq) and
PBNO) (ag); (v) Na:Slaq) and (NH 50 (aq). Use
the lonic Compounds activity («Chapter 2.7) to check
your answers. (b) For each combination that pro-

414

4.105

4.106  (a) What is the m,

P
uces a precipitate, write a balanced net ionic equa- tic acid that could be titrated in the Titration si
500 m o 005,

Adter watching the Solution Formation from a Solid
movie (eChapler 4.5), answer the following questions:
{a) If we neglect to account for the mass of the
weighing paper, how would our calculated concen-
tration differ from the actual concentration of the so-
lution? (b) Describe the process of preparing an
aqueous solution of known concentration, starting
with a solid. i) Why is it necessary o make the so-
lution as described in the movie, rather than simply
filling the flask up to the mark with water and then
adding the solute? (d) Describe how you would pre-
pare the solution in part (a) starting with the con-
centrated stock solution in the Solution Formation
by Dilution movie (eChapter 4.5).

Use the Titration simulation (¢Chapter 4.5) to deter-
mine the concentration of an unknown acid by
adding 0.40 M NaOH in increments of 1.0 mL. Re-
peat the titration adding increments of 0.10 mL of
base near the endpoint. Once more, repeat the titra-
tion adding increments of 0.05 mL of base near the
endpoint. If your acid is dilute enough, repeat the
titration three more times using 0.10 M NaOH in
1.0 mL, 0.50 mL, and 0.05 mL increments. (a) Tabu-
late the acid concentrations that you calculate from
your titration data. Are the values all the same? If
not, why not? (b) Which value do you consider to
be most precise and why?

concentration of

o

Central Science Live—Student CD-ROM

This media companion is integrated with Chemistry:
The Central Science, Eighth Edition. It includes simula-
tions and movies that will help you practice your
problem-solving skills and master your understand-
ing of key chemical concepts.
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Visualization

One of the challenges facing you in general chemistry is the often abstract nature of the subject. First,
chemistry relies on a symbolic language based on chemical formulas and chemical equations. Second,
chemistry is based on the behavior of molecules and atoms—particles far too small to see.

This text has been designed expressly to help you better visualize the chemistry you need to learn and
succeed in your course. Spend time with the illustrations in the text; they’ll help you understand the
chemistry concepts being discussed.

Symbolic and Molecular
Representations

The careful inclusion of
molecular art with chemical
formulas helps you see the
connection between the symbols
you write and the molecules

to which they refer.

18 A A o 3

Compound lHlustrations
Compound illustrations combine
photographs with molecular art.
They give you a better sense of
the relationships between the
macroscopic properties of matter
and its underlying structure at
the atomic and molecular levels.

L. @ e
S o W 3

One methane Two oxygen One carbon Two water
molecule molecules >  dioxide molecule molecules
1C 1C 20
(4 H) (40) (20) (41—1)
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