Preface

As the new century unfolds, chemistry will play its usual,
crucial role in dealing with complex environmental, medi-
cal, and industrial issues. And, as the complexities increase
and more information is needed to understand them, many
chemistry instructors want a more focused text to serve as
the core of a powerful electronic teaching and learning
package. This new, Third Edition of Principles of General
Chemistry is the ideal choice, designed to cover key princi-
ples and skills with great readability, the most accurate
molecular art available, a problem-solving approach that is
universally praised, and a supporting suite of electronic
products that sets a new standard in academic science.

HOW PRINCIPLES AND CHEMISTRY
ARE THE SAME

Principles of General Chemistry was created from its parent
text, Chemistry: The Molecular Nature of Matter and
Change, when four expert chemistry teachers—three con-
sulting professors and the author—joined to distill the
concepts and skills at the heart of general chemistry. Prin-
ciples covers all the material a science major needs to con-
tinue in premedical studies, engineering, or related fields.
It maintains the same high standards of accuracy, clarity,
and rigor as its parent and adopts the same three distin-
guishing hallmarks:

1. Visualizing chemical models. In many places in the text,
concepts are explained first at the macroscopic level and
then from a molecular point of view. Placed near many of
these discussions, the text’s celebrated graphics depict the
phenomenon or change at the observable level in the lab,
at the atomic level with superbly accurate molecular art,
and 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 Chapter 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, univer-
sally recommended by instructors, fosters the habit of con-
sidering the reasonableness and magnitude 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, espe-
cially important applications—such as climate change,
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enzyme catalysis, materials science, and others—are
woven into the text discussion, and real-world scenarios
are used in many worked in-chapter sample problems as
well as end-of-chapter problems.

Principles and Chemistry also share a common topic
sequence, which provides a thorough introduction to chem-
istry for science majors:

* Chapters 1 through 6 cover unit conversions and uncer-
tainty, introduce atomic structure and bonding, discuss
stoichiometry and reaction classes, show how gas behavior
is modeled, and highlight the relation between heat and
chemical change.

* Chapters 7 through 15 take an “atoms-first” approach, as
they move from atomic structure and electron configura-
tion to how atoms bond and what the resulting molecules
look like and why. Intermolecular forces are covered by
discussing the behavior of liquids and solids as compared
with that of gases, and then leads the different behavior of
solutions. These principles are then applied to the chemis-
try of the elements and to the compounds of carbon.

* Chapters 16 through 21 cover dynamic aspects of reaction
chemistry, including kinetics, equilibrium, entropy and
free energy, and electrochemistry.

* Chapters 22 and 23 cover transition elements and nuclear
reactions.

HOW PRINCIPLES AND CHEMISTRY
ARE DIFFERENT

Principles presents the same authoritative coverage as
Chemistry but in 240 fewer pages. It does so by removing
most of the boxed application material, thus letting instruc-
tors choose applications tailored for their course. Moreover,
several topics that are important areas of research but not
central to general chemistry were left out, including col-
loids, polymers, liquid crystals, and so forth. And main-
stream material from the chapter on isolating the elements
was blended into the chapter on electrochemistry.

Despite its much shorter length, Principles of General
Chemistry includes all the pedagogy so admired in Chemis-
try. It has all the worked sample problems and about two-
thirds as many end-of-chapter problems, still more than
enough problems for every topic, with a high level of rele-
vance and many real-world applications. The learning aids
that students find so useful have also been retained—
Concepts and Skills to Review, Section Summaries, Key
Terms, Key Equations, and Brief Solutions to Follow-up
Problems.



In addition, three aids not found in the parent Chemistry
help students focus their efforts:

* Key Principles. At the beginning of each chapter, short
bulleted paragraphs state the main concepts concisely,
using many of the same phrases and terms (in italics)
that appear in the pages to follow. A student can preview
these principles before reading the chapter and then
review them afterward.

e “Think of It This Way . ..” with Analogies, Mnemonics,
and Insights. This recurring feature provides analogies
for difficult concepts (e.g., the “radial probability distri-
bution” of apples around a tree) and amazing quantities
(e.g., a stadium and a marble for the relative sizes of
atom and nucleus), memory shortcuts (e.g., which reac-
tion occurs at which electrode), and useful insights
(e.g., similarities between a saturated solution and a
liquid-vapor system).

e Problem-Based Learning Objectives. The list of learning
objectives at the end of each chapter includes the end-of-
chapter problems that relate to each objective. Thus, a
student, or instructor, can select problems that review a
given topic.

WHAT’'S NEW IN THE THIRD EDITION

To address dynamic changes in how courses are structured
and how students learn—variable math and reading prepa-
ration, less time for traditional studying, electronic media as
part of lectures and homework, new challenges and options
in career choices—the author and publisher consulted
extensively with students and faculty. Based on their input,
we developed the following ways to improve the text as a
whole as well as the content of individual chapters.

Global Changes to the Entire Text

Writing style and content presentation. Every line of
every discussion has been revised to optimize clarity, read-
ability, and a more direct presentation. The use of additional
subheads, numbered (and titled) paragraphs, and bulleted
(and titled) lists has eliminated long unbroken paragraphs.
Main ideas are delineated and highlighted, making for more
efficient study and lectures. As a result, the text is over 20
pages shorter than the Second Edition.

More worked problems. The much admired—and imi-
tated—four-part (plan, solution, check, practice) Sample
Problems occur in both data-based and molecular-scene
format. To deepen understanding, Follow-up Problems have
worked-out solutions at the back of each chapter, with a
road map when appropriate, effectively doubling the num-
ber of worked problems. This edition has 15 more sample
problems, many in the earlier chapters, where students need
the most practice in order to develop confidence.
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Art and figure legends. Figures have been made more
realistic and modern. Figure legends have been greatly
shortened, and the explanations from them have either been
added to the text or included within the figures.

Page design and layout. A more open look invites the
reader while maintaining the same attention to keeping text
and related figures and tables near each other for easier
studying.

Section summaries. This universally approved feature
is even easier to use in a new bulleted format.

Chapter review. The unique Chapter Review Guide aids
study with problem-based learning objectives, key terms,
key equations, and the multistep Brief Solutions to Follow-
up Problems (rather than just numerical answers).

End-of-chapter problem sets. With an enhanced design
to improve readability and traditional and molecular-scene
problems updated and revised, these problem sets are far
more extensive than in other brief texts.

Content Changes to Individual Chapters

e Chapter 2 presents a new figure and table on molecular
modeling, and it addresses the new IUPAC recommenda-
tions for atomic masses.

* Discussion of empirical formulas has been moved from
Chapter 2 to Chapter 3 so that it appears just before
molecular formulas.

e Chapter 3 has some sample problems from the Second
Edition that have been divided to focus on distinct con-
cepts, and it contains seven new sample problems.

e Chapters 3 and 4 include more extensive and consistent
use of stoichiometry reaction tables in limiting-reactant
problems.

e Chapter 4 presents a new molecular-scene sample prob-
lem on depicting an ionic compound in aqueous solution.

e Chapter 5 includes a new discussion on how gas laws
apply to breathing.

e Chapter 5 groups stoichiometry of gaseous reactions with
other rearrangements of the ideal gas law.

e Chapter 17 makes consistent use of quantitative bench-
marks for determining when it is valid to assume that
the amount reacting can be neglected.
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A Guide to Student Success: How to Get the Mo

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 con-
cise, separate paragraphs so you can keep them in mind
as you study. You may also want to review them when
you are finished.

hy do substances behave as they do? That is, why is table salt (or any other

ionic substance) a hard, brittle, high-melting solid that conducts a current only CONCEPTS & SKILLS TO REVIEW
when molten or dissolved in water? Why is candle wax (along with most covalent i i
substances) low melting, soft, and nonconducting, even though diamond (as well as before stung s chaptr
a few other exceptions) is high melting and extremely hard? And why is copper (and « characteristics of ionic and cova-

most other metals) shiny, malleable, and able to conduct a current whether molten lent compounds; Coulomb's law
or solid? The answers lie in the type of bonding within the substance. In Chapter 8, (Section 27)
we examined the properties of individual atoms and ions. But the behavior of matter + polar covalent bonds and the

- polarity of water (Section 4.1)
really depends on how those atoms and ions bond. P oot Ao ol

(Sections 6.5 and 6.6)
* atomic and ionic electron configu-
ti (S 8.2and 8.4)
9.1« ATOMIC PROPERTIES AND CHEMICAL BONDS ratons Sectons 6.2 and B.4)
* trends in atomic properties and
metallic behavior (Sections 8.3
and 8.4)

Before we examine the types of chemical bonding, we should start with the most
fundamental question: why do atoms bond at all? In general, bonding lowers the

Section Summaries

A bulleted list of statements conclude each section, immedi-
ately reiterating 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
concept or skill is introduced. The step-by-step approach is
shown consistently for every sample problem in the text.

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.

* In many cases, a Road Map specific to the problem is shown
alongside the plan to lead you visually through the needed
calculation steps.

* Solution shows the calculation steps in the same order as
they are discussed in the plan and shown in the road map.

* 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, shown in many problems, provides an addi-
tional insight, and alternative approach, or a common mis-
take to avoid.

* Follow-up Problem gives you immediate practice by pre-
senting a similar problem that requires the same approach.

Quantum Theory
and Atomic Structure

Key Principles
to focus on while studying this chapter

* Inavacwm, t the speed of g
The properties of a wave are its wavelength , distance between corresponding
points on adjacent waves), frequency v, number of cycles the wave undergoes
per second), and amplitud (the height of the wave), which s relted to the
intensity (brightness) of the radiation. Any region of the electromagnetic
spectrum includes a range of wavelengths. (Section 7.1)

* In everyday experience, energy i diffuse and matter i chunky, but certain
ph light objects) the
photoelectric effectthe flow of current when light trikes a metal) and atomic
spectra(the specifc colors emitted from a substance thatis excited)—can only be
explained if energy consists of "packets” (quanta) that occur in, and thus change Light from Excited Atoms In a freworks display and

by, fixed amounts. The energy of a quantum i related to its frequency. many other everyday phenomena, we see the result of
(Section 7.1) atoms absorbing energy and then emittng it as light. In

« According to the Bohr model, an atomic spectrum consists of separate lnes this chapter, we explore the basis of these phenomena
because an atom has certan energy levels (states) that correspond to electrons and learn some surprising things about the makeup of
in orbits around the nucleus. The energy of the atom changes when the electron the universe.

moves from one orbit to another as the atom absorbs (or emits)light of a specific
frequency. (Section 7.2)

Outline

particle ¢ matter has wavel by
the thand dif has partcle- 71 The Nature of Light
like properties (as shown by photons of light having momentum). These- Wave Nature of Light
properties are observable only on the atomic scale, and because of them, we Particle Nature of Light
can never simultaneously know the position and speed of an electron in an atom 7.2 Atomic Spectra
(uncertainty prnciple. (Section 7.3) Line Spectra and the Rydberg Equation
+ According to the quantum-mechanical model o the H atom, each eneray level Bohr Model of the Hydrogen Atom
of the atom i associated with an atomic orbital (wave functon), a mathematica Energy Levels of the Hydrogen Atom
description of the electron's position in three dimensions. We can know the Spectral Analysis
probability that the electron is within  particular tiny volume of space, but not its 7.3 The Wave-Particle Duality of Matter and Energy
‘exact location. The probability is highest for the electron being near the nucleus, Wave Nature of Electrons and Particle Nature of Photons
and it decreases with distance. (Section 7.4) Heisenberg's Uncertainty Principle

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
the current one.

@ Summary of Section 13.3

« A solution that contains the maximum amount of dissolved solute in the presence
of excess undissolved solute is saturated. A saturated solution is in equilibrium
with excess solute, because solute particles are entering and leaving the solution
at the same rate.

Most solids are more soluble at higher temperatures.
All gases have a negative AH,,, in water, so heating lowers gas solubility in water.

Henry's law says that the solubility of a gas is directly proportional to its partial
pressure above the solution.

RELNEROTIE AN Calculating Quantities of Reactants and Products
for a Reaction in Solution

Problem Specialized cells in the stomach release HC to aid digestion. If they release
too much, the excess can be neutralized with an antacid. A common antacid contains

magnesium hydroxide, which reacts with the acid to form water and magnesium chloride

solution. As a government chemist testing commercial antacids, you use 0.10 M HCl to

simulate the acid concentration in the stomach. How many liters of “stomach acid” react

with a tablet containing 0.10 g of magnesium hydroxide?

Plan We are given the mass (0.10 g) of magnesium hydroxide, Mg(OH),, that reacts with ~ Road Map

the acid. We also know the acid concentration (0.10 M) and must find the acid volume.
After writing the balanced equation, we convert the mass (g) of Mg(OH), to amount (mol) Mass (g) of Mg(OH),
and use the molar ratio to find the amount (mol) of HCI that reacts with it. Then, we use

the molarity of HCI to find the volume (L) that contains this amount (see the road map). divide by .t (gimol)

Solution Writing the balanced equation:

Mg(OH)y(s) + 2HCl(ag) — MgCly(ag) + 2H,0() Amount (mol) of Mg(OH),
Converting from mass (g) of Mg(OH), to amount (mol):

. 1 mol Mg(OH), . molar ratio
Amount (mol) of Mg(OH); = 0.10 g Me(@H: X S = 1710 mol Mg(OH),

Converting from amount (mol) of Mg(OH), to amount (mol) of HCI:

2 mol HCI s
Amount (mol) of HCI = 1.7X10" mel Ma(OH), X ]L = 3.4%10 mol HCI

Converting from amount (mol) of HCI to volume (L):
1L

0.10 mel-HEL

Check The size of the answer seems reasonable: a small volume of dilute acid (0.034 L
of 0.10 M) reacts with a small amount of antacid (0.0017 mol).

Comment In Chapter 4, you'll see that this equation is an oversimplification, because
HCI and MgCl, exist in solution as separated ions.

divide by M (moliL)

Volume (L) of HCI = 3.4X10"* molHE} X

FOLLOW-UP PROBLEM 3.25 Another active ingredient in some antacids is aluminum

hydroxide. Which is more effective at neutralizing stomach acid, magnesium hydroxide or

aluminum hydroxide? [Hint: “Effectiveness” refers to the amount of acid that reacts with
@ given mass of antacid. You alrcady know the effectivencss of 0.10 g of Mg(OH) ]
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Sample H01IEWERR Using Molecular Scenes to Determine the Extent
of HA Dissociation

Problem A 0.15 M solution of HA (blue and green) is 33% dissociated. Which scene
represents a sample of that solution after it is diluted with water?

Plan We are given the percent dissociation of the original HA solution (33%), and we
know that the percent dissociation increases as the acid is diluted. Thus, we calculate
the percent dissociation of each diluted sample and see which is greater than 33%.

To determine percent dissociation, we apply Equation 18.5, with HA ;. equal to the
number of H;O" (or A™) and HA,; equal to the number of HA plus the number of
H;0" (or A).

Solution Calculating the percent dissociation of each diluted solution with Equation 18.5:

Solution 1. Percent dissociated = 4/(5 + 4) X 100 = 44%
Solution 2. Percent dissociated = 2/(7 + 2) X 100 = 22%
Solution 3. Percent dissociated = 3/(6 + 3) X 100 = 33%

init

Therefore, scene 1 represents the diluted solution.

Check Let’s confirm our choice by examining the other scenes: in scene 2, HA is

less dissociated than originally, so that scene must represent a more concentrated HA
solution; scene 3 represents another solution with the same percent dissociation as the
original.

FOLLOW-UP PROBLEM 18.9 The scene in the margin represents a sample of a weak acid
HB (blue and purple) dissolved in water. Draw a scene that represents the same volume
after the solution has been diluted with water.

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 provides an excellent
way for you to reinforce problem-solving skills.

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.

[BHIEF SOLUTIONS TO FOLLOW-UP PROBLEMS  Compare your own solutions to these calculation steps and answers

=

16.1 (@) 4NO(g) + O5(g) — 2N,0s(g):

o= A[0,] _ 1AINO] _ 1 AN,O;]
rate Ar 4 Ar 2 Ar
Al0,] _ 1ANO) 1
_ael TAlmO) L sox .
(b) A 1A 4( 1.60>10 mol/L-s)

= 4.00x10° mol/L-s
165 H1, — 1[HI, = ke

111 L/mol — 100. L/mol = (2.4x 102! L/mol-s)(1)
1= 4.6X10% s (or 1.5X10% yr)

16.3 Rate = K[H,]"[1,]". From Expts 1 and 3, m = 1. From Expts 2 {§§ @
and 4, n = 1. Therefore, rate = k[H,][1,]: second order overall.

162 First order in Br~, first order in BrO;~, second order in H*,
fourth order overall.

164 (a) The rate law shows the reaction is zero order in Y,
50 the rate is not affected by doubling Y: rate of Expt 2 = 0.25% 107
mol/L-s.
(b) The rate of Expt 3 is four times that of Expt 1, so [X]
doubles.

Copper wire
coated with
silver

Copper
nitrate
solution

solution

Ag atoms
coating
wire

in wire

+145 -2 Q +2+5-2 0
2AgNO4(aq) + Cu(s) —>  Cu(NO;),(aq) + 2Ag(s)

Cutting-Edge Molecular Models

Author and artist worked side by side and employed the
most advanced computer-graphic software to provide accu-

rate molecular-scale models and vivid scenes.

VISUALIZING CHEMISTRY
Three-Level lllustrations

A Silberberg hallmark, these illustrations provide macroscopic
and molecular views of a process to help you connect these two
levels of reality with each other and with the chemical equation

that describes the process in symbols.

A Simple cubic

B Body-centered cubic

b
¥

Coordination number = 6

Goordination number = 8 Coordination number = 12

1 1
Fatom g atom
at 8 comers

218 comers, 218 comers
Jat
1 atom 3atom
atcenter a6 faces

Atoms/unit cell = (§x 8) +1=2

Fatom

Atoms/unit cell = §x 8 = 1

C Face-centered cubic

Atoms/unit cell = (5x 8) + (3x 6) =4




REINFORCING THE LEARNING

PROCESS
Chapter Review Guide

A rich catalog of study aids ends each chapter to help

you review its content:

Learning Objectives are listed, with section, sample problem,
and end-of-chapter 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 num-
bered within the chapter and listed here with page numbers.

Preface

1379 What is the minimum mass of glycerol (C;H,O;) that must
be dissolved in 11.0 mg of water to prevent the solution from
freezing at —15°C? (Assume ideal behavior.)

180 Calculate the molality and van't Hoff factor (i) for the follow-
ing aqueous solutions:

() 1.00 mass % NaCl, freezing point = —0.593°C

(b) 0.500 mass % CH;COOH, freezing point = —0.159°C

1381 Calculate the molality and van't Hoff factor (i) for the fol-
lowing aqueous solutions:

(a) 0.500 mass % KCl, freezing point = —0.234°C

(b) 1.00 mass % H,SO,. freezing point = —0.423°C

1382 In a study designed to prepare new gasoline-resistant coat-
ings, a polymer chemist dissolves 6.053 g of poly(vinyl alcohol) in
enough water to make 100.0 mL of solution. At 25°C, the osmotic
pressure of this solution is 0.272 atm. What is the molar mass of
the polymer sample?

1383 The U.S. Food and Drug Administration lists dichloro-
methane (CH,Cl,) and carbon tetrachloride (CCI,) among the
many cancer-causing chlorinated organic compounds. What are
the partial pressures of these substances in the vapor above a solu-
tion of 1.60 mol of CH,Cl, and 1.10 mol of CCl, at 23.5°C? The
vapor pressures of pure CH,Cl, and CCI, at 23.5°C are 352 torr
and 118 tor, respectively. (Assume ideal behavior.)

Comprehensive Problems

1384 The three aqueous ionic solutions represented below have
total volumes of 25. mL for A, 50. mL for B, and 100. mL for
C. If each sphere represents 0.010 mol of ions, calculate: (a) the
total molarity of ions for each solution; (b) the highest molarity
of solute; (c) the lowest molality of solute (assuming the solution
densities are equal); (d) the highest osmotic pressure (assuming
ideal behavior).

13.85 Gold occurs in seawater at an average concentration of
1.1X10~2 ppb. How many liters of seawater must be processed to
recover 1 troy ounce of gold, assuming 81.5% efficiency (d of sea-
water = 1.025 g/mL; 1 troy ounce = 31.1 g)?

1386 Use atomic properties to explain why xenon is 11 times as
soluble as helium in water at 0°C on a mole basis.

13.87 Which of the following best represents a molecular-scale
view of an ionic compound in aqueous solution? Explain.

13.88 Four 0.50 m aqueous solutions are depicted. Assume the
solutions behave ideally: (a) Which has the highest boiling point?

(b) Which has the lowest freezing point? (¢) Can you deter
which one has the highest osmotic pressure? Explain.

13.89 “De-icing salt” is used to melt snow and ice on streets.
highway department of a small town is deciding whether to
NaCl or CaCl,, which are equally effective, to use for this purp
The town can obtain NaCl for $0.22/kg. What is the maximu»
town should pay for CaCl, to be cost effective?

13.90 Thermal pollution from industrial wastewater causes the
perature of river or lake water to increase, which can affect
survival as the concentration of dissolved O, decreases. Use the|
lowing data to find the molarity of O, at each temperature (ass|
the solution density is the same as water):

Temperature Solubility of O, Density of

(°c) (mg/kg H,0) H,0 (g/mL)
0.0 145 0.99987
20.0 9.07 099823
40.0 6.4 099224

1391 A chemist is studying small organic compounds for
potential use as an antifreeze. When 0.243 g of a compou

dissolved in 25.0 mL of water, the freezing point of the solu- .

tion is —0.201°C. (a) Calculate the molar mass of the compound
(d of water = 1.00 g/mL). (b) Analysis shows that the compound
is 53.31 mass % C and 11.18 mass % H, the remainder being O.
Calculate the empirical and molecular formulas of the compound.
(c) Draw a Lewis structure for a compound with this formula that
forms H bonds and another for one that does not.

1392 Is 50% by mass of methanol dissolved in ethanol different
from 50% by mass of ethanol dissolved in methanol? Explain.

1393 Three gascous mixtures of N, (blue), Cl, (green), and Ne
(purple) are depicted below. (a) Which has the smallest mole frac-
tion of N,? (b) Which have the same mole fraction of Ne? () Rank
all three in order of increasing mole fraction of Cl,.

13.94 Four U tubes each have distilled water in the right arm, a
solution in the left arm, and a semipermeable membrane between
arms. (a) If the solute is KCI, which solution is most concentrated?

CHAPTER REVIEW GUIDE

The following sections provide many aids to help you study this chapter. (Numbers in
parentheses refer to pages, unless noted otherwise.)

[RETINHOITEIGHVEN]  These are concepts and skills to review after studying this chapter

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

. Explain how solubility depends on the types of intermolecu-
lar forces (like-dissolves-like rule) and und d the char-
acteristics of solutions consisting of gases, liquids, or solids
(§13.1) (SP 13.1) (EPs 13.1-13.12)

. Understand the enthalpy components of AH,;,, the
dependence of AH, . on charge density, and why a solution
process is exothermic or endothermic (§13.2) (EPs 13.13-
13.15, 13.18-13.25, 13.28)

. Comprehend the meaning of entropy and how the balance
between AH and AS governs the solution process (§13.2)
(EPs 13.16, 13.17, 13.26, 13.27)

. Distinguish among saturated, unsaturated, and supersaturated
solutions and explain the equilibrium nature of a saturated
solution (§13.3) (EPs 13.29, 13.35)
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5. Describe the effect of temperature on the solubility of
solids and gases in water and the effect of pressure on the
solubility of gases (Henry’s law) (§13.3) (SP 13.2) (EPs
13.30-13.34, 13.36)

. Express concentration in terms of molarity, molality, mole
fraction, and parts by mass or by volume and be able to
interconvert these terms (§13.4) (SPs 13.3-13.5) (EPs
13.37-13.58)

. Describe electrolyte behavior and the four colligative
properties, explain the difference between phase diagrams
for a solution and a pure solvent, explain vapor-pressure
lowering for latile and volatile lectrolytes, and
discuss the van’t Hoff factor for colligative properties of
electrolyte solutions (§13.5) (SPs 13.6-13.9) (EPs 13.59—
13.83)
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LGREIE  These important terms appear in boldface in the chapter and are defined again in the Glossary.

Section 13.1

solute (392)

solvent (392)

miscible (392)

solubility ($) (392)

like-dissolves-like rule (393)

hydration shell (393)

ion-induced dipole
force (393)

dipole~induced dipole
force (393)

alloy (396)

Section 13.2

heat of solution
(AH, ) (397)

solvation (397)
hydration (398)
heat of hydration
(AHy,) (398)
charge density (398)
entropy (S) (399)
Section 133
saturated solution (401)
unsaturated solution (401)
supersaturated solution (401)
Henry’s law (403)
Section 134
molality (m) (404)
mass percent [% (w/w)]
(405)

volume percent boiling point elevation

[% (vIv)] (405) (AT,) (410)
mole fraction (X) (405) freezing point depression
Section 135 (AT) (411)
colligative property (408) sen(llplezr;"eable membrane

electrolyte (408)

nonelectrolyte (408)

vapor pressure lowering
(AP) (408)

Raoult’s law (409)

ideal solution (409)

osmosis (412)
osmotic pressure
(IT) (413)
ionic atmosphere (415)

Key Equations and Relationships Numbered and screened concepts are listed for you to refer to or memorize.

131 Dividing the general heat of solution into component
enthalpies (397):

AH, AH . + AH,

soln = Ssonte Salvent

+ AH

132 Dividing the heat of solution of an ionic compound in water
into component enthalpies (398):

AH,y, = Myiee + Ay of e jons

soln
133 Relating gas solubility to its partial pressure (Henry's law)
(403):

Sgn\ = ky X Pgu\
134 Defining concentration in terms of molarity (404):

. amount (mol) of solute
Molarity (M) = —————————
volume (L) of solution

135 Defining concentration in terms of molality (404):

. amount (mol) of solute

Molality (m) = —————————
mass (kg) of solvent

136 Defining concentration in terms of mass percent (405):
mass of solute

Mass percent [% (w/w)] = ——————— X 100
mass of solution

13.7 Defining concentration in terms of volume percent (405):

) f solut
Volume percent [% (v/v)] = (OUMEOLIOLE 100
volume of solution

End-of-Chapter Problems

An exceptionally large number of problems ends each
chapter. These are sorted by section, and many are grouped

Xxiii

Think of It This Way

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

Way” features.

in similar pairs, with one of each pair answered in Appen-
dix E (along with other problems having a colored number).
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.

[
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Here are some memory aids to help you connect the half-reaction with its electrode:

. The words anode and oxidation start with vowels; the words cathode and reduction start
with consonants.

Alphabetically, the A in anode comes before the C in cathode, and the O in oxidation
comes before the R in reduction.

Look at the first syllables and use your imagination:

ANode, OXidation; REDuction, CAThode = AN OX and a RED CAT

THINK OF IT THIS WAY

Which Half-Reaction Occurs
at Which Electrode?

@ Summary of Section 21.1
« An oxidation-reduction (redox) reaction involves the transfer of electrons from a

reducing agent to an oxidizing agent.

The half-reaction method of balancing divides the overall reaction into half-

reactions that are p: ined.

There are two types of electrochemical cells. In a voltaic cell, a spontaneous reaction

generates electricity and does work on the surroundings. In an electrolytic cell, the
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