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Preface

Like the science of chemistry, the texts that professors and
students rely on to explain the subject are continually
evolving. The 1000-page or longer books that most courses
use provide a complete survey of the field, with a richness
of relevance and content, and Chemistry: The Molecular
Nature of Matter and Change, the parent text of Principles
of General Chemistry, stands at the forefront in that cate-
gory of dynamic, modern textbooks. Yet, extensive market
research demonstrates that some professors prefer a more
targeted treatment, with coverage confined to the core prin-
ciples and skills. Such a text allows professors to enrich
their course with topics relevant to their own students. Most
importantly, the entire book can more easily be covered in
one year—including all the material a science major needs
to go on to other courses in chemistry, pre-medical studies,
engineering, and related fields.

Creating Principles of General Chemistry involved
assessing the topics that constituted the core of the subject
and distilling them from the parent text. Three professors
served as content editors, evaluating my proposed changes.
It was quite remarkable to find that the four of us defined
the essential content of the modern general chemistry
course in virtually identical terms.

THE RELATIONSHIP BETWEEN CHEMISTRY
AND PRINCIPLES OF GENERAL CHEMISTRY

Principles of General Chemistry is leaner and more con-
cise than its parent, Chemistry: The Molecular Nature of
Matter and Change, but it maintains the same high stan-
dards of accuracy, depth, clarity, and rigor and adopts the
same three distinguishing hallmarks:

1. Visualizing chemical models. In many discussions, con-
cepts are explained first at the macroscopic level and
then from a molecular point of view. Placed near the
discussion, the text’s celebrated graphics bring the point
home for today’s visually oriented students, depicting
the change at the observable level in the lab, at the
molecular level, and, when appropriate, at the symbolic
level with the balanced equation.

2. Thinking logically to solve problems. The problem-
solving approach, based on a four-step method widely
approved by chemical educators, is introduced in Chap-
ter 1 and employed consistently throughout the text. It
encourages students to first plan a logical approach, and
only then proceed to the arithmetic solution. A check
step, universally recommended by instructors, fosters
the habit of considering the reasonableness and magnitude

xXiv

of the answer. For practice and reinforcement, each
worked problem has a matched follow-up problem, for
which an abbreviated, multistep solution—not merely a
numerical answer—appears at the end of the chapter.

3. Applying ideas to the real world. For today’s students,
who may enter one of numerous chemistry-related
fields, especially important applications—such as cli-
mate change, enzyme catalysis, industrial production,
and others—are woven into the text discussion, and
real-world scenarios appear in many worked sample
problems and end-of-chapter problems.

HOW CHEMISTRY AND PRINCIPLES OF GENERAL
CHEMISTRY ARE DIFFERENT

Principles of General Chemistry presents the authoritative
coverage of its parent text in 300 fewer pages, thereby
appealing to today’s efficiency-minded instructors and
value-conscious students. To accomplish this shortening,
most of the material in the boxed applications essays and
margin notes was removed, which allows instructors to
include their own favorite examples.

The content editors and I also felt that several topics,
while constituting important fields of modern research, were
not central to the core subject matter of general chemistry;
these include colloids, green chemistry, and much of
advanced materials. Moreover, the chapters on descriptive
chemistry, organic chemistry, and transition elements were
tightened extensively, and the chapter on the industrial iso-
lation of the elements was removed (except for a few top-
ics that were blended into the chapter on electrochemistry).

The new text includes all the worked sample problems
of the parent text but has about two-thirds as many end-
of-chapter problems. Nevertheless, there are more than
enough representative problems for every topic, and they
are packed with relevance and real-world applications.

Principles of General Chemistry is a powerhouse of
pedagogy. All the learning aids that students find so useful
in the parent text have been retained—Concepts and Skills
to Review, Section Summaries, Key Terms, Key Equations,
and Brief Solutions to Follow-up Problems. In addition,
two aids not found in the parent text give students more
help in focusing their efforts:

1. Key Principles. At the beginning of each chapter, short
paragraphs state the main concepts concisely, using
many of the same phrases and terms that will appear in
the pages that follow. A student can preview these prin-
ciples before reading the chapter and then review them
afterward.



2. Problem-Based Learning Objectives. At the end of each
chapter, the list of learning objectives includes the num-
bers of end-of-chapter problems that relate to each
objective. Thus, a student, or instructor, can select prob-
lems that relate specifically to a given topic.

Principles provides a thorough introduction to chem-
istry for science majors. Unlike its parent, which offers
almost any topic that any instructor could want, Principles
of General Chemistry offers every topic that every instruc-
tor needs.

WHAT'S NEW IN THE SECOND EDITION

A new edition always brings a new opportunity to enhance
the pedagogy. In the second edition, writing has been clar-
ified wherever readers felt ideas could flow more
smoothly. Updates have been made to several rapidly
changing areas of chemistry, and a new pedagogic feature
has been added. The greatest change, however, is the pres-
ence of many new worked sample problems and end-of-
chapter problems that use simple molecular scenes to teach
quantitative concepts.

Changes to Chapter Content

Both editions of the text have been written to allow
rearrangement of the order of topics. For instance, redox
balancing (by the half-reaction method in preparation for
electrochemistry) is covered in Chapter 21, but it can eas-
ily be covered much earlier with other aspects of oxidation-
reduction reactions (Chapter 4) if desired. Several chapters
can be taught in a different order as well. Gases (Chapter
5), for example, can be covered in the book’s chapter
sequence to explore the mathematical modeling of physi-
cal behavior or, with no loss of continuity, just before lig-
uids and solids (Chapter 12) to show the effects of inter-
molecular forces on the three states of matter. In fact,
based on user feedback, many instructors already move
chapters and sections around, for example, covering
descriptive chemistry (Chapter 14) and organic chemistry
(Chapter 15) in a more traditional place at the end of the
course. These or other changes in topic sequence can be
made to suit any course.

In the second edition, small content changes have been
made to many chapters, but a few sections, and even one
whole chapter, have been revised considerably. Among the
most important changes are

e Chapter 3 now applies reaction tables to stoichiometry
problems involving limiting reactants, just as similar
tables are used much later in equilibrium problems.

e Chapter 16 offers an updated discussion of catalysis as
it applies to stratospheric ozone depletion.

e Chapter 19 provides an updated discussion of buffering
as it applies to the acid-rain problem.
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e Chapter 20 has been revised further to clarify the dis-
cussion of entropy, with several new pieces of art that
illustrate key ideas.

e Chapter 23 has been thoroughly revised to more accu-
rately reflect modern ideas in nuclear chemistry.

“Think of It This Way . .."” with Analogies,
Mnemonics, and Insights

An entirely new feature called “Think of It This Way . ..”
provides student-friendly analogies for difficult concepts
(e.g., “radial probability distribution” of apples around a
tree) and amazing quantities (e.g., relative sizes of atom
and nucleus), memory shortcuts (e.g., which reaction
occurs at which electrode), and new insights into key
ideas (e.g., similarities between a saturated solution and a
liquid-vapor system).

Molecular-Scene Sample Problems

Many texts include molecular-scene problems in their end-
of-chapter sets, but none attempts to explain how to rea-
son toward a solution. In the first edition, five worked-out,
molecular-scene sample problems were introduced, using
the same multistep problem-solving approach as in other
sample problems. Responses from students and teachers
alike were very positive, so 17 new molecular-scene sam-
ple problems have been included in this edition. With the
original five plus an equal number of follow-up problems,
44 molecular-scene problems provide a rich source for
learning how to understand quantitative concepts via sim-
ple chemical models.

End-of-Chapter Problems

In each edition, a special effort is made to create new prob-
lems that are relevant to pedagogic needs and real applica-
tions. In the second edition, many problems have been revised
quantitatively, and over 125 completely new end-of-chapter
problems appear. Of these, over 85 are molecular-scene prob-
lems, which, together with the more than 50 carried over from
the first edition, offer abundant practice in using visualization
to solve chemistry problems. The remaining new problems
incorporate realistic, up-to-date, biological, organic, environ-
mental, or engineering/industrial scenarios.
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A Guide to Student Success: How to Get the Most out of Your Textbook

ORGANIZING AND FOCUSING
Chapter Outline

The chapter begins with an outline that shows the sequence
of topics and subtopics.

Key Principles
The main principles from the chapter are given in concise,

separate paragraphs so you can keep them in mind as
you study. You can also review them when you are finished.

Equilibrium: The Extent of Chemical Reactions

Key Principles
to focus on while studying this chopter

. Tre

Outline

17.1 The Equilibium State and the
Equilibrium Constant

17.2 YM Reaction Quotiant and the

um Coﬁlla"l

17.3 Expressing Equamm  with Pressure
Terms: Relation Betwsen K. and K,

Om study of kinetics in the last chapter addressed a different aspect of reaction
chemistry than our upcoming study of equilibrium:

+ Kinetics applies to the speed (or rate) of a reaction, the concentration of prod-
uct that appears (or of reactant that disappears) per unit time. « equilibrium vapor pressure

* Equilibrium applies to the extent (or yield) of a reaction, the concentrations of (Section 12.2)
actant i g after 2 ¢, or once no further change
reactant and product present after an unlimited time. or once ng her change sowtion (Section 13.3)
(Sections 16.2 and 16.5]

fast reaction may go almost completely or barely at all toward products. Consider (Section 16.7)
the dissociation of an acid in water. In | M HC, virtually all the hydrogen chlo
ride molecules are dissociated into jons. In contrast, in | M CH.COOH. fewer
than 1% of the acetic acid molecules are dissociated at any given time. Yet both
reactions take less than a second to reach completion. Similarly, some slow reac-
v yield u large amount of product, whereas others yield very little

tions eventu;
After a4 few years at ordinary temperatures, a steel water-storage tank will rust,
and it will do so completely given enough time; but no matter how long you wait,

Concepts & Skills to Review
before studying this chapter

« aquilibrium nature of a saturated
QuElLs * dependance of rate on concentration
Just as reactions vary greatly in their speed, they also vary in their extent. A o a1 laws for slementary reactions

* function of a catalyst (Section 16.8)

Concepts and Skills to Review

This unique feature helps you prepare for the upcoming
chapter by referring to key material from earlier chap-
ters that you should understand before you start reading
this one.

Section Summaries

Concise summary paragraphs conclude each section, immedi-

ately restating the major ideas just covered.

STEP-BY-STEP PROBLEM SOLVING

Using this clear and thorough problem-solving approach,
you'll learn to think through chemistry problems logically and

systematically.

Sample Problems

A worked-out problem appears whenever an important new con-
cept or skill is introduced. The step-by-step approach is shown con-
sistently for every sample problem in the fext. Problem-solving
roadmaps specific to the problem and shown alongside the plan

lead you visually through the needed calculation steps.

e Plan analyzes the problem so that you can use what is known
to find what is unknown. This approach develops the habit of
thinking through the solution before performing calculations.

» Solution shows the calculation steps in the same order as they

are discussed in the plan and shown in the roadmap.

» Check fosters the habit of going over your work quickly to
make sure that the answer is reasonable, chemically and

mathematically—a great way to avoid careless errors.

» Comment provides an additional insight, alternative approach,

or common mistake to avoid.

» Follow-up Problem gives you immediate practice by present-

ing a similar problem.

SECTION 17.1 SUMMARY

Kinetics and equilibrium are distinct aspects of a chemical reaction, thus the rate and
extent of a reaction are not related. * When the forward and reverse reactions occur
at the same rate, the system has reached dynamic equilibrium and concentrations no
longer change. * The equilibrium constant (K) is a number based on a particular ratio
of product and reactant concentrations: K is small for reactions that reach equilibrium
with a high concentration of reactant(s) and large for reactions that reach equilibrium
with a low concentration of reactant(s).

Collsing the Mol and Number of Formula Units
in a Given Mass of o Compound
Problem Ammonium carbonate is & white solid that decomposes with warming. Amoag
its many uses, it s & o of haking powder, fire extinguishers, and smelling salts.
How many formula units are in 41.6 g of smmonium carbonute?
Plon We know the mass of compound (41,6 g) and need to find the sumber of formula

units, As we saw in Sample Problem 3.1(b), to convest grams to number of entities, we Mess () of (NHi}2COy
have 1o tind sumber of moles first, so we must divide the grams by the molar mass (Al). 1
For this, we nced JI(, s0 we determine the formuly (see Table 2.5) and take the sum of the divida by At (gmol)

elements’ molar masses, Once we have the number of moles. we multiply by Avogadro's
number 16 find the number of formula units
Solution The formuls is (NHL),C05. Calculating molar mass:
W= (2% Mol N) + (8% Mof H) + (1 X Mof €) + (3 % Mof0)
= (2 % 1401 ghmal) + (8 X 1,008 g/mal) + 1201 gmol + (3 X 16.00 g/mol)
= 96,09 g/mol
Converting from grams to moles

Amount (moi) of (NH.,CO5 ]
iy by 6,022 16°
wnawimal

e i |
1 mol (NH00, R ——— '

Moles of (NHO,C05 = $1.6 §NH00, X St

= 0433 mol (NH,,00,

Coaverting from moles to formula units.
Formula units of (NH,),CO; = 0433 wﬂ(h";hb()
6022 10™ formuls units (NH,COy
1 mol (NHx1,CO,
= 261 10” formula anits (NH,),CO,

Check The units are comeet. The mass is less than half the molsr mass (~4296 < 0.5),
%0 the number of {rmnul. units shonld be less than half Avogadro’s number
(=26%107%.0x10* < 05),

Comment A common mnmh is o forget the subscript 2 outside the parentheses in
(NHCO;. which would give a much lower molst mass.

FOLLOW-UP PROBLEM 3.2 Teusphosphorus decaokide reacts with water o form phos-
phoric acid. a major industrial acid. In the laboratory, the oxide is used as a drying agent
() What s the mass (in g) of 4.65% 107 molecules of tetraphosphorus decaoxide?

(b) How muny P atoms are present in this sample?

xvi



Dsinguishing Elemess, Campounds, and Misures
at the Atomic Scale
Problem The scenes below represent an atomic-seale view of three samples of matier:

“ @ N e o\ UL @\
/ ) [ e "o\ (B8

(\ Q.‘i .9} f\ ° . ® .//
e e ¥

\
Describe each sample as an element. compound, or mixture.
Plan From depictions of the samples, we have to determine the type of matter by exam-
ining the component partices. If a sample contains only one type of particle. il is either
an element or & compound; if it contains more than ane type, it is 4 mixture, Particles of
an element hisve only one Kind of atom (one color), and particies of a compound have two
or more kinds of atoms,
Solution (a) This sumple is 4 mixture; thete ure three different types of particles, two
types contain only one kind of atom, either green or purple. so they are clements, and
the third type contains two red atoms for every one yellow, so it is 8 compound. (b) This
sample is an element: it consists of only blue atoms, (c) This sample is a compound: it
consists of molecules that each have two black and six blue atoms.

FOLLOW-UP PROBLEM 2.1 Describe this reaction in terms of elements, compounds, and
mixtures.

/ \
|

1 )
\ ?O./ )

o N

NN
g0/ ol @
et %O

Brief Solutions to Follow-up Problems

These provide multistep solutions at the end of the chapter, not
just a one-number answer at the back of the book. This fuller
treatment is an excellent way for you fo reinforce your problem-
solving skills.

A GUIDE TO STUDENT SUCCESS

Unique to Principles of General Chemistry:

Molecular Scene Sample Problems

These problems apply the same stepwise strategy to help you interpret
molecular scenes and solve problems based on them.

BRIEF SOLUTIONS TO FOLLOW-UP PROBLEMS Compare your own solutions 1o these colculation steps ond answers

2. There are two types of particles reacting (left circle), one
with two blue stoms and the other with two orange. so the de-
piction shows & mixtare 0f two elements, In the product (right
circle), all the particles have one blue atom and one orange: this
s a compound.

2.2 Mass (1) of pitchblende

2.10 (1) Cu(NO)+-3H,0: (b) Zn(OH); (¢) lithium cyunide

2.1 (a) (NH,),PO,; ammonium is NH, " and phosphate is PO,"
(b) AHOH)y: parentheses ane needed around the polyatomic

ion OH

() Magnesium hydrogen carbonate; Mg is mugnesium and
can have only 4 2+ charge, so it does not need (I1); HCO, ™ is
hydrogen carbonate (or bicarbonute).

K42 bprteblene
23 Sample B. Two brumine-fluorine compounds appear. T one,
there are three Huorine atoms for each bromine; in the other, there
is ane fluorine for each bromine. Therefore, in the two compounds,
the ratio of fluorines combining with one bromine is /1
24 (0 Q = B; 5p°. 60”, 5¢

(b) X = Cx; 20p", 210", 20¢”

(€)Y = 1: 33p”, 78n°, S3¢

2510.0129x + [110093(1 — 0] = 10.81; 0.9964x = 0,1993;

v = 02000 and 1 — x = 0.8000; % abundance of '“B = 20.00%;
% abundance of ''B = 30.005

285" () Rb": (c) Ba’ "

27 (a) Zinc (Group 2B(12)] and oxygen [Group 6A(16))

(b) Silver [Group 1B(11)) and bromine [Group 7A(17)]

(<) Lithium [Group 1A(1)) and chlorine [Group 7A(17)]

(d) Aluminum [Group 3A(13)] and sulfur [Group 6A(16)]

2.8 (a) ZnO; (b) AgBr: (¢) LICL; (d) AL,S,

2.9 (3) PHO. (b) copper(l) sulfide (cuprous sulfide); () iron(IT)
bromide (ferrous bromide); (d) HgCly

(d) Ch nitrate; the -ic ending is not used with Roman

(e) Calcium nitrite; Ca** is calcium and NO ™ is nitite.
212 () HCI04: (b) hydrofluoric acid: (¢) CHCOOH (or
HC:H,0,); (d) HiS0y; (e) hypobromous acid
2.13 (a) Sulfur trioxide; (b) silicon dioxide: (¢) N,O: (d) SeFy
2.14 (a) Disulfur dichloride; the -ous suffix is not used.
(b) NO; the name indicates one nitrogen.
{(¢) Bromine wichloride; Br is in & higher period in Group 7A(17),
50 it is named first,
2.15 (3) H,0,, 34.02 amu: (b) CCL, 168.4 amu: (¢) H,S0,,
98.09 amu; (d) K350, 174.27 amu
2.16 (a) NayO. This is an ionic compound. 5o the name is sodium
oxide.
Formula mass
= (2. X atomic mass of Na) + (1 % stomic mass of 0)
= (2 % 2299 umu) + 1600 amn = 61.98 amu
(b) NO,. This is & covalent compound, and N has the lower
group number, so the name is nitrogen dioxide.
Molecular mass
= (1 x atomic mass of N) + (2 X atomic mass of 0)
= 1401 amu + (2 % 1600 amu) = 46.01 amu

.
= M2 tpitchblende
il T ye—— a1}
Mass (1) of oxygen numerals: NO; s nitrate
842 -714
= 27 ephohblende x (0 TLALOXYERN) _ b 4y paveen

VISUALIZING CHEMISTRY
Three-Level lllustrations
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Cutting-Edge Molecular Models

Author and artist worked side by side and employed the most advanced
computergraphic software to provide accurate molecular-scale models

and vivid scenes.

A Silberberg hallmark, these illustrations provide macroscopic and
molecular views of a process that help you connect these two levels of
reality with each other and with the chemical equation that describes
the process in symbols.
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REINFORCING THE LEARNING PROCESS

Chapter Review Guide

A rich catalog of study aids ends each chapter to help you

review its content:

o Learning Objectives are listed, with section, sample
problem, and end-ofchapter problem numbers, to help
you focus on key concepts and skills.

« Key Terms are boldfaced within the chapter and listed
here by section (with page numbers); they are defined

again in the Glossary.

¢ Key Equations and Relationships are highlighted and
numbered within the chapter and listed here with page

numbers.

energy, (c) diffusion rate after the valve is opened. (d) totl
kinetic energy of the molecules, and fe) density

5.56 What ks the rutio of ¢ffusion rates for the lightest gas. Hy. and
the heaviest known gus, U, ?

5.7 What is the ratio of effusion rates for O and Kr”

3.58 The graph below shows the distribution of molecular speeds
forargon and hehum sl the same temperature

Molecula speed

1) Does curve | or 2 better represent the behavior of argon”
(h) Which curve represents the gas that effuses more slowly”
1c) Which curve more closely represents the behavior of fluorine
gas? Explain

5359 The graph befow shows the distribution of molecular speeds
fot & gas at two different temperatures.

Relatve numbes

Molpcular speed

1) Does curve | or 2 better represent the behavior of the gas ol
the lower temperature”?

by Which curve represents the gus when it has a higher £,

{¢) Which curve is consistent with a higher diffusion mite”

5.60 Al a given pressure and (emperature, it takes 4,85 mis for a
1.5-L sample of He 10 cifuse through o membranc. How long
does it take for 1.5 Lol F; to effuse under the same conditions”

581 A sampic of an unknown gas effuses 1 111 min An equal
wolume of Hy in the same apparatus af the sume temperatisre and
pressure effuses in 242 min. What is the molar mass of the un
known gas?

5.62 Salid white phosphorus melts and then vaporizes at high ten-
peruture. Gascous while phosphorus effuses at & rute that ts
0,404 times that of neon it the samie apparatus under the same
conditions. How many atoms are 1 4 molecule of gaseous white
phosphorus?

5,63 Helium is the lightest noble gas component of ais, and xenon
18 the heaviest. [For this problem, use 8 = 8314 Jimol-K) and M
in kg/mol.|
(a1 Calculate the rms speed of helium in winter (0.°C) and in
sumimer (30.°C).

(b) Compure u, of belium with that of senon a1 30.°C.

(€) Caleulate the average Kietic encrgy per moke of helium and
of xenon at 30.°C

() Caleulate £, per molecule of beliom at 30.°C

Problems 181

5.6 A mixture of gascous disulfur difluoride, dinitrogen tetra-

fluoride. and sultur tetrafluonde is placed m un effusion apparatus.
(a) Rank the gases in order of increasing effusion rate. b) Fi

the ratio of effusion raes of disulfur difluonde and dinitrogen
tetrafluoride. (c) If gas X is added, and it effuses at 0.935 timesy|
the rate of sulfur tetrafluonde, find the molar mass of X ‘

Real Gases: Deviations from Ideal Behavior ‘

5.65 Do intermolecular attractions cause negative of positive|
deviations from the PVIRT ratio of an ideal gas” Use data from)
Tuble 5.4 10 rank Kr, CO;, and N; in order of increasing magni
tude of these deviations

5,66 Does molecular size cause negative o posinve deviation
from the PVIRT ratio of an ideal gas” Use data from Table 5.4 to
rank Cly, Hy, and O in order of increasing magnitude of these
deviations.

5,87 Does N, behave more ideally at | atm or at 500 atm? Explain
5.68 Does SF, (boiling paint = 16°C at | atm) behave mote e
ally at 150°C or at 20°C” Explain

4

Problems with an stensk (%) are more challenging

569 Hemoglobin is the protein thar transports O through thel
blood from the lungs (o the rést of the body. In doing 30, cachl
molecule of bemoglobin combines with four molecules of O 1
100 g of hemoglobin combines with 1.53 mL of O, at 37°C and|
743 torr, what is the molar muss of hemoglobin?

5.70 A baker uses sodium hydrogen carbonate (baking sodin) as the
leavening agent in & banana-nut quickbeead. The baking soda de-
composes according 1o two possible reactions
(1) 2NaHOO,(s) —= Na;CO4(5) + Hy0 + COug)

(21 NaHCO,(5) + H' (ag) —= Hy0H11 + COy(g) + Na' (ag)

CHAPTER REVIEW GUIDE
The following sections provide many aids fo help you siudy this chapter. [Numbers in parentheses refer fo poges, unless noted otherwise.)

LEARNING OBJECTIVES These are concepts and skills to review afer studying this chapler

Related section (§), sample problem (SP), and end-of-chapter
problem (EP) numbers are listed in parentheses.

1. Explain how gases differ from fiquids and solids (§ 5.1}
(EPs5.1.5.2)

2 Understand how a barometer works and interconvert units of
pressure (§ 5.2) (SP5.1) (EPs 5.3-5.10)

3. Describe Boyle's. Charles’s. and Avogadro’s laws, understand
how they relate to the ideal gas law, and apply them in calculations
(§5.3)(SPs 5.2-5.6) (EPs 5.11-3.25)

4. Apply the ideal gas law to determine the molar mass of a gas.
the density of a gas at different temperatures, and the partial pres-

sure (or mole fraction) of each gas in a mixture (Dalfton’s law)
(§5.4) (SPs 5.7-5.10) (EPs 5.26-5.42)

3. Use stoichiometry and the gas laws to calculate amounts of re-
actants and products (§ 5.5) (SPs 5.11,5.12) (EPs 543-552)

6. Understand the kinetic-molecular theory and how it explains the
gas laws. average molecular speed and kinetic energy. and the
processes of effusion and diffusion (§ 5.6) (SP 5.13) (El 3-5.64)
7. Explain why lecular attractions and molecular volume
cause real gases to deviate from ideal behavior and how the
van der Waals equation corrects for the deviations (§ 5.7)
(EPs 5.65-5.68)

KEY TERMS These important terms appear in boldface in the chapter and are defined again in the Glossary.

Section 5.2
pressure (P) (1471
barometer (148)
pascal (Pa) (148)
standard atmosphere
(atm) (148}
millimeter of mercury
(mmHg) (149)
torr (149)

Section 5.3
ideal gas (150)
Boyle's law (151)
Charles’s law (152)
Avogadro’s law (154)
standard lemperature and
pressure (STP) (154)
standard molar
volume (154)

Section 5.6
kinetic-molecular theory (167)

ideal gas law (155)
universal gas constant

(R) (155) rms speed (i) (171)
Section 5.4 effusion (172)

Graham's law of effusion (172)
diffusion (173)

Section 5.7

van der Waals equation (176)

partial pressure (162)

Dalton’s law of partial
pressures (162)

mole fraction (X) (163)

KEY EQUATIONS AND RELATIONSHIPS Numbered and screened concepts are listed for you to refer to or memorize.

5.1 Expressing the volume-pressure relationship (Boyle's
Jaw) (151):
Ve l ot
P
5.2 Expressing the volume-temperature relationship (Charles's
faw) (152);

PV = constant [T and n fixed|

\

V=T or T = constant [P and n fixed]
5.3 Expressing the pre: p . hip (A s
law) (153):

P 3

P=T or T = constant [Vand n fixed]

5.4 Expressing the volume-amount relationship (Avogadro’s
law) (154):

Vxn or — = constant
n

| P and T fixed]

5.5 Defining standard temperature and pressure (154)
STP:  0°C(273.15K) and | atm (760 torr)
5.6 Defining the volume of 1 mol of an ideal gas at STP (154)
Standard molar volume = 224141 L= 224L [3sf]
5.7 Relating volume to pressure, lemperature, and amount (ideal
gas law) (155).

PV =nRT and

5.8 Calculating the value of R (155):
_ PV Tam ¥ 224141 L

T Lmol x 27315K
= 0082058 2L _ g 2L 3
mol'K mol-K
5.9 Rearranging the ideal gos law to find gas density (160):
m m MxP
PV =R 0 ol
3,10 Rearranging the ideal gas law to find molar mass (161):
m PV mRT dRT
n=—=— =" o M=—
M RT PV P

5.11 Relating the total pressure of a gas mixture to the partial
pressures of the components (Dalton’s law of partial pres-
sures) (162):
Pu =P+ P+ Pyt
5.12 Relating partial pressure to mole fraction (163)
Pu=Xy % P
5.13 Defining rms speed as a function of molar mass and
temperature (171):
Rt
e =\
5.14 Applying Graham's law of effusion (172):
Ratey \‘E_ My
Ruteg A TA B \E

Calculate the volume (in mL) of CO, that forms at 200.°C and
0,975 st per gram of NaHCO, by each of the reaction processes

5.71 Chlorine is produced from sodium chlonde by the clectro
chemical chlor-alkali process. During the process, the chlorine is
collected n o container that is isolated from the other products 1o
prevent unwanted (and explosive) reactions. I « 15.50-L con
tainer holds 0 5950 kg of Cl; gas at 225°C, caleulate

sl |

1h) Pvow | use R = 0.08206

18) Py

mol K/
5.72 Three equal volumes of gas mixtures, all w the same 7. ar
depicted below (with gas A red. gas B green, and gas C blue)

u) Which sample, i any, has the highest partial pressure of A”
(b) Which sample, if any. has the lowest partial pressure of B
(€1 In which sample, if any, do the gas particles have the highest
average kinetic energy?

End-of-Chapter Problems

An exceptionally large number of problems ends each chap-
ter. These are sorted by section, and many are grouped in
similar pairs, with one of each pair answered in Appendix E.
Following these section-based problems is a large group of
comprehensive problems, which are based on concepts and
skills from any section and/or earlier chapter and are filled
with applications from related sciences. Especially challeng-
ing problems have an asterisk.

Think of It This Way

Analogies, memory shortcuts, and new insights
info key ideas are provided in “Think of It This

Way" paragraphs.

THINK OF IT THIS WAY
Environm

The envi &

h

tal Flo

occurs in the oceans, and

the three states o flow and diffuse. Atmospheric gases mix so well that the 80 km
of air closest 1o Earth's surface has a uniform composition. Much less mixing

ly the varying abilities of substances in\

differs in

different species, Rocky solids (see photo) i ingle so little that adj
remain separated for millions of years.

Types of Phase Changes Phase changes are ulso determined by the interplay
between kinetic energy and intermolecular forces. As the temperature increases,
the average Kinetic energy increases as well, so the faster moving particles can
overcome attractions more easily: conversely, lower temperatures allow the forces
1o draw the slower moving particles together.

What happens when gaseous water is cooled? A mist appears as the particles
form tiny microdroplets that then collect into a bulk sample of liquid with a sin-
gle surface. The process by which a gas changes into a liquid is called con-

ition with depth,

PP g
strata
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SUPPLEMENTS FOR THE INSTRUCTOR
Multimedia Supplements

ARIS {ARIS

The unique Assessment, Review, and Instruction System, known
as ARIS and accessed at aris.mhhe.com, is an electronic
homework and course management system that has greater
flexibility, power, and ease of use than any other system.
Whether you are looking for a preplanned course or one you
can customize to fit your needs, ARIS is your solution. In addi-
tion to having access to all digital student learning objects,
ARIS allows instructors fo:

Build Assignments

® Choose from pre-built assignments or create custom assign-
ments by importing content or editing an existing pre-built
assignment.

¢ Include quiz questions, animations, or anything found on the
ARIS website in custom assignments.

* Creafte announcements and utilize full-course or individual
student communication tools.

* Assign questions that apply the same problem-solving strat-
egy used within the text, allowing students to carry over the
structured learning process from the text into their homework
assignments.

e Assign algorithmic questions, providing students with multi-
ple chances to practice and gain skill in solving problems
covering the same concept.

Track Student Progress
* Assignments are automatically graded.
* Gradebook functionality allows full course management,
including:
e dropping the lowest grades
* weighting grades/manually adjusting grades

e exporting your gradebook to Excel, WebCT, or
Blackboard

* manipulating data to track student progress through
multiple reports

Have More Flexibility

e Sharing Course Materials with Colleagues Share course
materials and assignments with colleagues with a few clicks
of the mouse, allowing multiple-section courses with many
instructors to progress in synch, if desired.

¢ |ntegration with Blackboard or WebCT Once a student is
registered in the course, all student activity within McGraw-
Hill's ARIS is automatically recorded and available to the
instructor through a fully integrated gradebook that can be
downloaded to Excel, WebCT, or Blackboard.

To access ARIS, instructors may request a registration code from
their McGraw-Hill sales representative.

PRESENTATION CENTER

Accessed from your textbook’s ARIS website, Presentation
Center is an online digital library containing photos, artwork,
animations, and other types of media that can be used to create
customized lectures, visually enhanced tests and quizzes, com-
pelling 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 Fullcolor 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 have
been incorporated into PowerPoint slides for ease of lecture
preparation.

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

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

* Animations Numerous fullcolor animations illustrating
important processes are provided. Harness the visual impact
of concepts in motion by importing these files info classroom
presentations or online course materials.

Also residing on your fextbook’s ARIS website are:

* PowerPoint Lecture Outlines Ready-made presentations that
combine art and lecture notes are provided for each chap-
ter of the text.

¢ PowerPoint Slides For instructors who prefer to create their
lectures from scratch, all illustrations, photos, and tables for
each chapter are presented on blank PowerPoint slides.

COMPUTERIZED TEST BANK ONLINE

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

INSTRUCTOR’S SOLUTIONS MANUAL

This supplement, prepared by Patricia Amateis of Virginia Tech,
contains complefe, worked-out solutions for all the end-of-chapter
problems in the fext. It can be found within the Instructors
Resources on the ARIS site for this text.

STUDENT RESPONSE SYSTEM

Wireless technology brings interactivity into the classroom or

lecture hall. Instructors and students receive immediate feed-

back through wireless response pads that are easy to use and

engage students. This system can be used by instructors to:

e Take aftendance

* Administer quizzes and tests

e Create a lecture with intermittent questions

* Manage lectures and student comprehension through the use
of the gradebook

* |Integrate interactivity into PowerPoint presentations

Content Delivery Flexibility

Principles of General Chemistry, second edition, by Martin
Silberberg, is available in formats other than the traditional
textbook to give instructors and students more choices.
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COLOR CUSTOM BY CHAPTER

For even more flexibility, we offer the Silberberg: Principles
of General Chemistry, second edition text in a full-color, cus-
tom version that allows instructors to pick the chapters they
want included. Students pay for only what the instructor
chooses.

ELECTRONIC BOOK

If you or your students are ready for an alternative version of
the traditional textbook, McGraw-Hill offers a media-rich elec-
tronic textbook. By purchasing E-books from McGraw-Hill, stu-
dents can save as much as 50%. Selected titles are delivered
on the most advanced E-book platform available.

E-books from McGraw-Hill are smart, interactive, search-
able, and portable. McGraw-Hill's media-rich E-books come
with a powerful suite of builtin tools that allow detailed search-
ing, highlighting, and note taking. In addition, the media-rich
E-book for Silberberg'’s Principles of General Chemistry, second
edition, integrates relevant animations into the textbook content
for a true multimedia learning experience. E-books from
McGraw-Hill will help students study smarter and quickly find
the information they need—and save money. Contact your
McGraw-Hill sales representative to discuss E-book packaging
options.

The Laboratory Component
COOPERATIVE CHEMISTRY LABORATORY MANUAL

Prepared by Melanie Cooper of Clemson University, this inno-
vative guide features open-ended problems designed to simu-
late experience in a research lab. Working in groups, students
investigate one problem over a period of several weeks; thus,
they might complete three or four projects during the semester,
rather than one pre-programmed experiment per class. The
emphasis is on experimental design, analytic problem solving,
and communication.

PRIMIS LABBASE

This database collection of more than 40 general chemistry lab
experiments—some selected from the Journal of Chemical Edu-
cation by Joseph Lagowski of the University of Texas at Austin
and others used by him in his course—facilitates creation of a
custom laboratory manual.

GENERAL CHEMISTRY LABORATORY MANUAL

Prepared by Petra A. M. van Koppen of the University of Cal-
ifornia, Santa Barbara, this definitive lab manual for the two-
semester general chemistry course contfains 21 experiments that
cover the most commonly assigned experiments for the intro-
ductory level.

SUPPLEMENTS FOR THE STUDENT

Printed Supplements

STUDENT STUDY GUIDE

This valuable ancillary, prepared by Libby Bent Weberg, is
designed to help you recognize your learning style; understand
how to read, classify, and create a problem-solving list; and
practice problem-solving skills. For each section of a chapter,
Dr. Weberg provides study objectives and a summary of the cor-
responding text. Following the summary are sample problems
with detailed solutions. Each chapter has true-false questions and
a selftest, with all answers provided at the end of the chapter.

STUDENT SOLUTIONS MANUAL

This supplement, prepared by Patricia Amateis of Virginia Tech,
contains detailed solutions and explanations for all Follow-up
Problems and all problems with colored numbers at the end of
each chapter in the main text.

Multimedia Supplements
ARIS T-ARIS

Assessment, Review, and Instruction System, also known as
ARIS, is an electronic homework and course management sys-
tem designed for greater flexibility, power, and ease of use
than any other system. Students will benefit from independent
study tools such as quizzes, animations, and key term flash-
cards, and also will be able to complete homework assign-
ments electronically as assigned by their instructors. Visit the
ARIS site for this fext at www.mhhe.com/aris.

ANIMATIONS FOR MEDIA PLAYER/MPEG

A number of animations are available for download to your
MP3/iPod through the textbook’s ARIS site.
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