xviii Preface

A VISUAL TOUR THROUGH THE FEATURES

OF THE TEXT

Many pedagogical tools are interwoven throughout the chapters to guide students on their learning journey.

Chapter Openers

Each chapter begins with a thought-
provoking opener figure and legend that
relate to the main topic of the chapter.
The chapter opening page also contains
the Chapter Outline that shows the
sequence of topics and subtopics, and
the final paragraph of the introduction,
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IN THIS CHAPTER . .. We discuss quantum mecharics, the theory that expiains
our curent picture of atomic structure. We consider the wave properties of
energy and then examine the theories and experiments that led 10 a quantized,
or particulate, model of light. We see why the light emitted by excit
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sis. Wave-partcie duality, which reveals two faces of matter and of energy, leads
U 10 the current model of the H atom and the quantum numbers that identiy
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@ Hooray for the Human Mind The in-

A worked-out sample problem appears whenever an important new concept or skill is introduced, and the problem-solving
approach helps you think through all problems logically and systematically. The stepwise approach, based on the universally
accepted four-step approach of plan, solve, check, and practice, is used consistently for every sample problem in the text.

These steps are as follows:

e Plan: analyzes the problem so that you can use

what is known to find what is unknown. This step
develops the habit of thinking through the solution
before performing calculations. Most quantitative
problems are accompanied in the margin by a

Volume (L) of solution

SAMPLE PROBLEM 3.16 Calculating Mass of Solute in a Given Volume
of Solution

PROBLEM A huffered solution maintains acidity as a reaction occurs. In living cells, phos-
phate ions play a key buffering role, so biochemists often study reactions in such solutions.
How many grams of solute are in 1.75 L of 0.460 M sodium hydrogen phosphate?

PLAN We know the solution volume (1.75 L) and molarity (0.460 M), and we need the
mass of solute. We use the known quantities to find the amount (mol) of solute and then
convert moles to grams with the solute molar mass, as shown in the roadmap.

roadmap, a flow diagram that leads you visually
through the planned steps for each specific
problem.

e Solution: presents the calculation steps in the
same order as they are discussed in the plan and
shown in the roadmap.

e Check: fosters the habit of going over your work
with a rough calculation to make sure the answer is
both chemically and mathematically reasonable—a
great way to avoid careless errors. In many cases,
following the check is a Comment that provides an
additional insight, alternative approach, or
common mistake to avoid.

e Follow-up Problem: presents a similar problem to
provide immediate practice, with an abbreviated
multistep solution appearing at the end of the
chapter.

In this edition, in addition to sample problems involv-
ing only calculations, a large number of molecular-
scene sample problems utilize depictions of
chemical species to solve quantitative problems.

multiply by M (mol/L) SOLUTION Calculating moles of solute in solution:

Moles of Na,HPO, = 1.75 L-sola X
Amount (mol) of solute

Converting from moles of solute to grams:
multiply by At (g/mol)

Mass (g) Na,HPO, = 0.805 mol-Na,HPO, X

Mass (g) of solute = 114 g Na,HPO,
CHECK The answer seems to be correct:
150 g/mol X 0.9 mol =

FOLLOW-UP PROBLEM 3.16 In biochemistry laboratories, solutions of sucrose

(table sugar, C;,H,,0y,) are used in high-speed centrifuges to separate the parts of a bio-

0.460 mol Na,HPO, _
1 Lsoln B

0.805 mol Na,HPO,

141.96 g Na,HPO,;
1 mekMaHPO-

~1.8 L of 0.5mol/L contains 0.9 mol, and
135 g, which is close to 114 g of solute.

logical cell. How many liters of 3.30 M sucrose contain 135 g of solute?

SAMPLE PROBLEM 3.18 Visualizing Changes in Concentration

PROBLEM The top circle at right represents a unit volume of a solution. Draw a circle
representing a unit volume of the solution after each of these changes

(a) For every 1 mL of solution, 1 mL of solvent is added.

(b) One third of the solution’s total volume is boiled off.

PLAN Given the starting solution, we have to find the number of solute particles in a unit
volume after each change. The number of particles per unit volume, N, is directly related
to moles per unit volume, M, 50 we can use a relationship similar to 139 to find
the number of particles to show in each circle. In (a), the volume increases, so the final
solution is more dilute—fewer particles per unit volume. In (b), some solvent is lost, so
the final solution is more concentrated—mor,
SOLUTION (a) Finding the number of particles in the dilute solution, N @

thus, Nuy = Neo = 4 particles

2mL

thus,

Lm
= g’ B

= 8 paricles X 31 = 12 paricles ®
CHECK Tn (a), the volume is doubled (from 1 mL to 2 mL), so the number of particles per
unit volume should be half of the original; 1 of 8 is 4. In (b), the volume is reduced to % of the
original, so the number of particles per unit volume should be 3 of the original; § of 8 is 12
COMMENT In (b), we assumed that only solvent boils off. This is true with nonvolatile
solutes, such as fonic compounds, but in Chapter 13, we'll encounter solutions in which
both solvent and solute are volatile

FOLLOW-UP PROBLEM 3.18 The circle labeled A represents a unit volume of a solu-

tion. Explain the changes that must be made to A to obtain the solutions depicted in B and C.
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Applications Tools of the Lab

Spectrophotometry in Chemical Analysis

Tools of the Laboratory essays describe the key instruments and techniques that chemists

use in modern practice to obtain the data that underlie their theories.

Chemical Connections to Genetics and Forensics
DNA Sequencing and Fingerprinting (o,

Chemical Connections essays show the inter-
disciplinary nature of chemistry by applying
chemical principles directly to related scien-
tific fields, including physiology, geology,
biochemistry, engineering, and environmen-

tal science.

Gallery features show how common and unusual
substances and processes relate to chemical principles.
You’ll learn how a towel dries you, why bubbles in a
drink are round, why contact-lens rinse must have a
certain concentration, and many other intriguing facts
about everyday applications.

Margin notes are brief, lively explanations that
apply ideas presented in the text. You’ll learn how
water controls the temperature of your body and
our planet, how crime labs track illegal drugs,
how gas behavior affects lung function, how fat-
free chips and decaf coffee are made, in addition
to handy tips for memorizing relationships, and
much more.

Illustrated Summaries of Facts and Concepts

The multipage Interchapter is a Perspective on the
Properties of the Elements that reviews major concepts
from Chapters 7—13, covering atomic and bonding
properties and their resulting effects on element behavior.

RTRAIT Group 6A(16): The Oxygen Family Group 6A(16): The Oxygen Family FAMILY PO
@ es

Some Reactions and Compounds

reactions and some important compounds.

Family Portraits (within Chapter 14) display the
atomic and physical properties of each main group
of elements and present their representative chemical




Three-Level Illustrations

A hallmark of this text, the three-level illustrations help you
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connect the macroscopic and molecular levels of reality
with the symbolic level in the form of a chemical equation.
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Figure 12.47 The random-coil shape of
mer chain. Note the random coiling of the
carbon atoms (black). Sections of several
chains (red, green, and yellow) are entangl
this chain, kept near one another by dis
forces. In reality, entangling chains fill ar
shown here. The radius of gyration (Ry) ref
the average distance from the center of mas
coiled molecule to its outer edge.

Accurate, Cutting-Edge Molecular Models

Author and illustrator worked side by side to create

ground-breaking visual representations.

Page Layout

Author and pager collaborated on page layout to ensure
that all figures, tables, margin notes, and sample problems
are as close as possible to their related text.

Section Summaries and Chapter Perspective

Concise summary paragraphs conclude each section,
immediately restating the major ideas just covered.
Each chapter ends with a brief perspective that
places its topics in the context of previous and

upcoming chapters.
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8.5 Atomic Structure and Chemical Reactivity 327
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Figure 8.23 The change in metallic behavior in Group 5A(15) and Period 3. Atornic symbol
Moving down from nitrogen to bismuth shows an increase in metallic behavior
(and thus a decrease in ionization energy). Moving left to right from sodium to " Firstonization energy (kJimol)
chlorine shows a decrease in metallic behavior (and thus a general increase in
ionization energy).

Period 3

Some metals and many metalloids
teric: they can act as acids or as bases in water.

Figure 8.24 classifies the acid-base behavior of some common
oxides, focusing once again on the elements in Group SA(15) and
Period 3. Note that as the elements become more metallic down a
group, their oxides become more basic. In Group SA, dinitrogen
pentaoxide, N,Os, forms nitric acid:

N,05(s) + HyO(/) —> 2HNOs(aq)
Tetraphosphorus decaoxide, PO, forms the weaker acid HyPO:
P,0y(s) + 6HO(/) —> 4H;3PO,(aq)

The oxide of the metalloid arsenic is weakly acidic, whereas that
of the metalloid antimony is weakly basic. Bismuth, the most
metallic of the group, forms a basic oxide that is insoluble in water

but that forms a salt and water with acid:
Biy05(s) + 6HNO;(ag) —> 2Bi(NO3)s(aq) + 3H0(/)

Note that as the elements become less metallic across a period, their oxides

orm oxides that are ampho-

e € Transparency/ARIS resentation Centr,
become more acidic. In Period 3, sodium and magnesium form the strongly basic "ty oy

oxides Na,O and MgO. Metallic forms, oxide
(AL,03), which reacts with acid or with base:

ALOs(s) + 6HCl(ag) —> 2AICl3(agq) + 3H0(1)
AlLOs(s) + 2NaOH(ag) + 3H,0(/) —> 2NaAl(OH)4(aq)
Silicon dioxide is weakly acidic, forming a salt and water with base:
Si0,(s) + 2NaOH(ag) —> Na,SiOs(aq) + HO(1)

The common oxides of phosphorus, sulfur, and chlorine form acids of increasing
strength: HsPO,, H,$O,, and HCIO,.
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Figure 8.24 The trend in acid-base
behavior of element oxides. The trend
in acid-base behavior for some common
oxides of Group 5A(15) and Period 3
elements is shown as a gradation in color
(red = acidic; blue = basic). Note that the
metals form basic oxides and the
nonmetals form acidic oxides. Aluminum
forms an oxide (purple) that can act as an
acid or as a base. Thus, as atomic size
increases, ionization energy decreases,
and oxide basicity increases.

Section Summary

A stepwise process converts a molecular formula into a Lewis structure, a two-
dimensional representation of a molecule (or ion) that shows the placement of atoms
and distribution of valence electrons among bonding and lone pairs. ® When two or
more Lewis structures can be drawn for the same relative placement of atoms, the
actual structure is a hybrid of those resonance forms. ® Formal charges are often use-
ful for determining the most important contributor to the hybrid. e Electron-deficient
molecules (central Be or B) and odd-electron species (free radicals) have less than
an octet around the central atom but often attain an octet in reactions. ¢ In a mol-
ecule (or ion) with a central atom from Period 3 or higher, the atom can hold more
than eight electrons because it is larger and uses d orbitals to expand its valence shell.
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Chapter Review Guide

A rich assortment of study aids ends each chapter to help you review its content.

e Learning Objectives are listed, with section and/or sample problem numbers, to focus you on key concepts and
skills.

e Key Terms that are boldfaced within the chapter are listed here by section (with page numbers) and defined again
in the end-of-book Glossary.
Key Equations and Relationships are screened and numbered within the chapter and listed here with page numbers.
Highlighted Figures and Tables are listed with page numbers so that you can review their essential content.
Brief Solutions to Follow-up Problems double the number of worked problems by offering multistep
calculations at the end of the chapter, rather than just numerical answers at the back of the book.
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End-of-Chapter Problems

An exceptionally large number of problems end each chapter. These include three types of problems keyed by chapter
section followed by a number of comprehensive problems:

PROBLEMS °

The lonic Bonding Model
(Sample Problem 9.1)

Concept Review Questions test your qualitative understanding of
key ideas.

Skill-Building Exercises are presented in pairs that cover a similar
idea, with one of each pair answered in the back of the book. These
exercises begin with simple questions and increase in difficulty,
gradually eliminating your need for multistep directions.

e Problems in Context apply the skills learned in the Skill-Building
Exercises to interesting scenarios, including examples from industry,
medicine, and the environment.

Problems with colored numbers are answered in Appendix E

and worked in detail in the Student Solutions Manual. Prob-

lem sections match those in the text and provide the num-

bers of relevant sample problems. Most offer Concept

Review Questions, Skill-Building Exercises (grouped in

pairs covering the same concept), and Problems in Context.

The Comprehensive Problems are based on material from

any section or previous chapter.

Atomic Properties and Chemical Bonds

@ Concept Review Questions

9.1 In general terms, how does each of the following
atomic properties influence the metallic character of the

4 period?

@ Concept Review Questions
9.16 If energy is required to form monatomic ions from metals °
and nonmetals, why do ionic compounds exist?
9.17 () In general, how does the lattice energy of an ionic com-
pound depend on th es and sizes of the ions? (b) Ton
arrangements of three general salts are represented below. Rank
them in order of increasing lattice energy

(b) Atomic radius
(©) Number of outer electrons
(d) Effective nuclear charge

9.2 Three solids are represented below. What is the predominant
type of intramolecular bonding in each?

9.18 When gaseous Na* and C1~ ions form gaseous NaCl ion
pairs, 548 k/mol of energy is released. Why, then, does NaCl
occur as a solid under ordinary conditions?

9.19 To form S?~ ions from gaseous sulfur atoms requires
214 kJ/mol, but these ions exist in solids such as K5S. Explain.

@ skill-Building Exercises (grouped in similar pairs)

A B c

9.3 What is the relationship between the tendency of a main-
‘group element to form a monatomic ion and its position in the
periodic table? In what part of the table are the main-group ele-
ments that typically form cations? Anions?

@ skill-Building Exercises (grouped in similar pairs)

9.4 Which member of each pair is more metallic?

@NaorCs (b)) MgorRb  (¢) AsorN

9.5 Which member of each pair is less metallic?
(@ Tor0 (b) BeorBa  (c) SeorGe

9.6 State the type of bonding—ionic, covalent, or metallic—you
would expect in each: () CSF(s); (b) Na(g): (¢) Na(s).

9.7 State the type of bonding—ior lent, or metallic—you
would expect in each: (a) IClx(g): (b) N;O(g): (¢) LiCl(s).

9.8 State the type of bonding 1. or metallic—you
would expect in each: () O ): () BrOy(2).

9.9 State the type of bond 1 . or metallic—you
would expect in each: () Cr(s): (b) H,S(g): () CaO(s).

9.10 Draw a Lewis electron-dot symbol for (a) Rb; (b) Si; () L

9.1 Draw a Lewis electron-dot symbol for (2) Ba; (b) Kr: (¢) Br.

9.12 Draw a Lewis electron-dot symbol for (a) Sr; (b) P; (c) S.

9.13 Draw a Lewis electron-dot symbol for (a) As; (b) Se; (¢) Ga.

9.14 Give the group number and general electron configuration of
an element with each electron-dot symbol: (a) -X:  (b) X-

9.15 Give the group number and general electron configuration of
an element with each electron-dot symbol: (a) -x:  (b) -X

9.20 Use condensed electron configurations and Lewis electron-
dot symbols to depict the ions formed from each of the follow-
ing atoms, and predict the formula of their compound:

(@ Baand Cl (b) Srand O landF (d) Rband O

9.21 Use condensed electron configurations and Lewis electron
dot symbols to depict the ions formed from each of the follow-

ing atoms, and predict the formula of their compound:
@ Csand$ (b)) OandGa (c) NandMg (d) Brand Li
9.22 Identify the main group to which X belongs in each ionic
compound formula: (a) XF: (b) MgX: (¢) XSO,
9.23 Identify the mai 10 which X belongs in ea
10.49 State an ideal value for each of the Bond angles in'éach mol-
ecule, and note where you expect deviations

@ ) W © o

. - | - I

=g o= H—C—g—H
o HoH

@ Problems in Context
11050 Because both tin and carbon are members of G
they form structurally similar compounds. However
a of structures because it forms

d

(©) Sn(CHy),

phorus pentachloride exists as sepa
d phase, however, the compound is
I, and PCl, _ ions. What change(s)
) as PClg solidifies? How does the

(Sample Problem 10.9)
® Concept Review Questions.

10.52 For molecules of general formula AX, (where n >
do you determ
1053 How cana
Give an example.

2), how

i a molecule is polar?
lecule with polar covalent bonds not be polar?

Comprehensive Problems
10.61 In addition to a ia
drides: hydrazine (N;]
() Use Lewis structu
der of nitrogen-nitrogen bonds
(b) Tetrazene (atom sequence

rms three other hy-

ind tetrazene (NSH)
length, and or-

. diazene, and N

) decomposes above

. Draw a Lewis structure for

SiF, + F~ — SiF s~
(@) Wi below best illustrates

shape around Si? (b) Give the name and AX, £, designation of
each shape in the depiction chosen in part (a).

e Comprehensive Problems, based on realistic
applications, are more challenging and rely
on concepts and skills from any section of the
current chapter or from previous chapters.

Moreover, in this edition, 140 molecular-scene
problems are included.



