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Media Walkthrough
This section highlights the electronic media that supports Chemistry, Seventh Edition,
and shows how the entire package fits together. Use the pieces that work best for
you, or use them all! See pages xxiv-xxviii for complete descriptions of print and media
products.

The textbook is the
foundation for all of the
course tools. Use the
printed text or the e-Text.
The e-Text includes many
of the tools that follow,
or hotlinks to them.

Instructor Media

Instructor’s Online Learning Center (OLC) is a
secure, book-specific website. The OLC is the
doorway to a library of resources for
instructors.

The OLC is also the doorway for students to
access almost all of the media for Chemistry,
Seventh Edition. The OLC includes self-
assessment quizzes, resources, key-term
flashcards with audio pronunciation, and
more. Read on!

The guide explains what
is available and gives
suggestions for using
media effectively in the
classroom.

PowerPoint Presentation,
organized by chapter and
section, is ready for the
classroom, or you can
customize your lecture.
This is an exciting lecture
that goes beyond the
presentation provided on
the Chemistry, Seventh
Edition, VRL.

e-Text

Media
Integration

Guide

Content available
specifically for WebCT
users includes:

• Interactive Student
Study Guide

• Reading quizzes
• Homework questions

Student Media

Online Learning
Center (OLC)

Essential Study
Partner (ESP)

The Essential Study Partner
(ESP) is just that—the
essential tool for review,
interaction, and self-
assessment! Students can
access the entire ESP, or the
ESP by chapter for
Chemistry, Seventh Edition,
to work through a basic
review of core concepts in
ten units. 

ESP animations allow
students to really see the
activity behind chemical
concepts.

Also included in the e-Text.
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All of the following tools are
available on the OLC or in a
cartridge for your course
delivery system:

• Chemistry, Seventh
Edition, Test Bank

• Instructor’s Solutions
Manual (odd problems
from this manual)

• Instructor’s Manual
• Visual Resource Library

images
• Instructor narratives for

select animations
• Essential Study Partner

link to home page
• FAQ list for Chemistry

Animations VRL

CD-ROM set includes over
300 animations that can be
used directly from the CD
or imported into your own
lecture presentation. CD-ROM set includes electronic

files of all full-color images in
the text. Import the images
into your own presentation, or
use the PowerPoint
presentations provided for
each chapter.

ESP interactives
encourage students to
test comprehension, and
provide a fun way to
review concepts.

ESP key terms include pop-
up definitions and an audio
pronunciation, so students
can hear the language of
chemistry.

Also included in the e-Text.

e-Learning sessions are
based on the Chemistry,
Seventh Edition, text outline,
and include animations and
interactives from the ESP.
This provides an easy, visual
review of chapter content.
Each animation in the 
e-Learning session includes 
a short quiz.

Click on NetTutor when
you need extra help with
an end-of-chapter
problem.
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Chemical Mysteries: These readings help develop and
enhance students’ problem-solving skills, especially
with respect to non-mathematical, conceptual
problems. “Chemical Clues” give students an
opportunity to apply chemical principles and
techniques to solve the mysteries. Some clues require
the synthesis of material in more than one of the
preceding chapters, and others challenge students to
extend their knowledge beyond what is presented in
the book. This new edition of Chemistry contains ten
Chemical Mysteries.

Pedagogy icon: Step-by-step explanations of problem-solving strategies are
highlighted by a special icon in the margin.

Worked Examples and Practice Exercises: Careful study of the solved, numbered
examples in the body of each chapter will help to develop students’ problem-solving
skills. The Practice Exercise that follows each worked example allows students to check
their ability to solve the type of problem illustrated in the Worked Example. Answers to
the Practice Exercises can be found at the very end of the chapter, following the
Questions and Problems. The number of a Similar Problem is shown in the margin next
to the Worked Example to encourage additional practice. Many Worked Examples have
been revised to more clearly show steps in problem-solving.
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Art Program: Art throughout the text is enhanced with molecular art images created by
Raymond Chang using the Spartan molecular modeling program. These images enable
students to gain a better understanding of the three-dimensionality of molecules and the
details of chemical reactions. Much of the art program is revised or new with an emphasis
on pedagogical use of color.

Animation icon: This new icon points to material that is further illustrated by an
animation. Students can use the animations to review challenging concepts in motion.
Twenty-nine animations are referenced.

10.4 Hybridization of Atomic Orbitals

The concept of atomic orbital overlap should apply also to polyatomic molecules.
However, a satisfactory bonding scheme must account for molecular geometry. We
will discuss three examples of VB treatment of bonding in polyatomic molecules.

sp3 Hybridization

Consider the CH4 molecule. Focusing only on the valence electrons, we can repre-
sent the orbital diagram of C as

2s 2p

hhhg
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FIGURE 10.6 Top to bottom: As two H atoms approach each other, their 1s orbitals begin to
interact and each electron begins to feel the attraction of the other proton. Gradually, the
electron density builds up in the region between the two nuclei (red color). Eventually, a stable H2

molecule is formed when the inter

nuclear distance is 74 pm.

Hybridization

Consider, for example, the helium atom, which has the ground-state electron con-
figuration 1s2. Helium’s two protons give the nucleus a charge of 2, but the full attrac-
tive force of this charge on the two 1s electrons is partially offset by electron-electron
repulsion. Consequently we say that the 1s electrons shield each other from the nucleus.
The effective nuclear charge (Zeff), which is the charge felt by an electron, is given by

Zeff Z

where Z is the actual nuclear charge (that is, the atomic number of the element) and
(sigma) is called the shielding constant (also called the screening constant). The

shielding constant is greater than zero but smaller than Z.
One way to illustrate electron shielding is to consider the amounts of energy

required to remove the two electrons from a helium atom. Measurements show that it
takes 2373 kJ of energy to remove the first electron from 1 mole of He atoms and 5251 kJ
of energy to remove the remaining electron from 1 mole of He ions. The reason it takes
so much more energy to remove the second electron is that with only one electron pres-
ent, there is no shielding, and the electron feels the full effect of the 2 nuclear charge.

For atoms with three or more electrons, the electrons in a given shell are shielded
by electrons in inner shells (that is, shells closer to the nucleus) but not by electrons
in outer shells. Thus, in a neutral lithium atom, whose electron configuration is 1s22s1,
the 2s electron is shielded by the two 1s electrons, but the 2s electron does not have
a shielding effect on the 1s electrons. In addition, filled inner shells shield outer elec-
trons more effectively than electrons in the same subshell shield each other.

Atomic Radius

A number of physical properties, including density, melting point, and boiling point,
are related to the sizes of atoms, but atomic size is difficult to define. As we saw in
Chapter 7, the electron density in an atom extends far beyond the nucleus, but we
normally think of atomic size as the volume containing about 90 percent of the total
electron density around the nucleus. When we must be even more specific, we define
the size of an atom in terms of its atomic radius, which is one-half the distance
between the two nuclei in two adjacent metal atoms.

For atoms linked together to form an extensive three-dimensional network,
atomic radius is simply one-half the distance between the nuclei in two neighboring
atoms [Figure 8.4(a)]. For elements that exist as simple diatomic molecules, the
atomic radius is one-half the distance between the nuclei of the two atoms in a par-
ticular molecule [Figure 8.4(b)].

Figure 8.5 shows the atomic radii of many elements according to their posi-
tions in the periodic table, and Figure 8.6 plots the atomic radii of these elements
against their atomic numbers. Periodic trends are clearly evident. In studying the
trends, bear in mind that the atomic radius is determined to a large extent by the
strength of the attraction between the outer-shell electrons and the nucleus. The
larger the effective nuclear charge, the stronger the hold of the nucleus on these
electrons, and the smaller the atomic radius. Consider the second-period elements
from Li to F, for example. Moving from left to right, we find that the number of
electrons in the inner shell (1s2) remains constant while the nuclear charge increases.
The electrons that are added to counterbalance the increasing nuclear charge are
ineffective in shielding one another. Consequently, the effective nuclear charge
increases steadily while the principal quantum number remains constant (n 2).

2978.3
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The increase in ef fective nuclear
charge from left to right acr oss a
period and fr om bottom to top in
a group for r epresentative
elements.

Atomic and ionic radius

1. Write the skeletal structure of the compound, using chemical symbols and
placing bonded atoms next to one another. For simple compounds, this task is
fairly easy. For more complex compounds, we must either be given the
information or make an intelligent guess about it. In general, the least
electronegative atom occupies the central position. Hydrogen and fluorine
usually occupy the terminal (end) positions in the Lewis structure.

2. Count the total number of valence electrons present, referring, if necessary, to
Figure 9.1. For polyatomic anions, add the number of negative charges to that
total. (For example, for the CO3

2 ion we add two electrons because the 2
charge indicates that there are two more electrons than are provided by the
neutral atoms.) For polyatomic cations, we subtract the number of positive
charges from this total. (Thus, for NH4 we subtract one electron because the 1
charge indicates a loss of one electron from the group of neutral atoms.)

3. Draw a single covalent bond between the central atom and each of the
surrounding atoms. Complete the octets of the atoms bonded to the central atom.
(Remember that the valence shell of a hydrogen atom is complete with only two
electrons.) Electrons belonging to the central or surrounding atoms must be
shown as lone pairs if they are not involved in bonding. The total number of
electrons to be used is that determined in step 2.

4. If the octet rule is not satisfied for the central atom, try adding double or triple
bonds between the surrounding atoms and the central atom, using the lone pairs
from the surrounding atoms.

The following examples illustrate the four-step procedure for writing Lewis
structures of compounds and an ion.

CHEMICAL BONDING I: BASIC CONCEPTS
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Example 9.3 Write the Lewis str ucture for nitrogen trifluoride (NF3) in which all

three F atoms are bonded to the N atom.

Reasoning and Solution We follow the above procedure for writing Lewis str ucture.

Step 1: The N atom is less electr onegative than F, so the skeletal str ucture of NF3 is

F N F

F

Step 2: The outer-shell electron configurations of N and F are 2s22p3 and 2s22p5,

respectively. Thus there are 5 (3 7), or 26, valence electr ons to account for

in NF3.

Step 3: We draw a single covalent bond between N and each F , and complete the octets

for the F atoms. We place the remaining two electrons on N:

Because this str ucture satisfies the octet r ule for all the atoms, step 4 is not r equired. To

check, we count the valence electr ons in NF3 (in chemical bonds and in lone pairs). The

result is 26, the same as the number of valence electr ons on three F atoms and one N atom.

Practice Exercise Write the Lewis str ucture for carbon disulfide (CS2).
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NF3 is a colorless, odorless,
unreactive gas.

Similar problem: 9.43.

Chemistry in Action

Orbitals are essential to any bonding theory such as
hybridization. Yet, as we know, orbitals are wave
functions that cannot be directly observed. So are
orbitals just some theoretical model without any
physical significance? An important experiment per-
formed by scientists at the Arizona State University
(ASU) in 1999 provided an answer to this question.

These scientists studied the nature of bonding
in copper(I) oxide, Cu2O, in the solid state. The elec-
tron configuration of Cu is 4s13d10. Simply describ-
ing the metal centers in this compound as 1 ions
with 3d10 configuration (for Cu ), however, does
not account for the short Cu-Cu distance that sug-
gests covalent bonds between the metal atoms.
Therefore, a logical explanation is to assume that
copper’s 3d orbitals form hybrid orbitals with the 4s
orbitals. Hybridization would remove electrons
from the 3d orbitals, leaving holes in them, and
would result in new orbitals that could participate
in covalent bonds.

To test the theory, the ASU scientists measured
the electron density in the compound using the
combined techniques of electron diffraction and
X-ray diffraction. They then calculated the electron
density distribution assuming an ionic model.
When they subtracted the ionic contribution from
the measured electron density, they obtained a dif-
ference electron density map (see figure), which
shows a hole in electron density that looks just like
the 3dz2 orbital.

What does the result mean? If there were only
ionic bonds, then each Cu atom would be sur-
rounded by a spherical electron cloud and the dif-

ference map would be blank. Instead, the copper
atoms give up some electron density from their 3dz2

orbitals and share it with neighboring Cu atoms in
forming the covalent bonds. Thus, although the ex-
periment did not produce a direct image of the 3dz2

orbital itself, the results leave little doubt about
the existence of the 3dz2 orbital. So orbitals are real
after all.

A re Orbitals Real?
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10.6 Molecular Orbital Theory

Valence bond theory is one of the two quantum mechanical approaches that explain
bonding in molecules. It accounts, at least qualitatively, for the stability of the cova-
lent bond in terms of overlapping atomic orbitals. Using the concept of hybridization,
valence bond theory can explain molecular geometries predicted by the VSEPR
model. However, the assumption that electrons in a molecule occupy atomic orbitals
of the individual atoms can only be an approximation, since each bonding electron in

of the molecule as a whole.

Difference electr on density map of Cu 2O. The regions of
depleted electr on density (blue) appear on Cu atoms and
resemble the 3d z2 orbital while r egions of enhanced electr on
density (r ed) appear between Cu atoms, indicating covalent
bonding.

Color Codes for Molecular Models

H B C N O F

P S Cl

I

Br

Periodic Table icon: This new icon
illustrates the properties of elements
according to their positions in the periodic
table.

Elements that exist as
diatomic molecules

1A
2A 3A 4A 5A 6A 7A

8A

N O F
Cl
Br
I

H Chemistry in Action: New “Chemistry in
Action” essays have been added and many
others have been updated.

A Story That Will 
Curl Your Hair

where the red spheres represent different
protein molecules joined by the disulfide
bonds and thioglycolate (HS—CH2COO2 )
is the common reducing agent. The re-
duced hair is then wrapped around curlers
and set in the desired pattern. Next, the hair
is treated with an oxidizing agent to re-
form the disulfide bonds. Because the
S—S linkages are now formed between
different positions on the polypeptide
chains, the result is a new hairdo of wavy
hairs.

This process involves the denatura-
tion and renaturation of keratins.
Although disulfide bonds are formed at
different positions in the renatured pro-
teins, there is no biological consequence
because keratins in hair do not have any
specific functions. The word “perma-
nent’’ applies only to the portion of hair
treated with the reducing and oxidizing
agents, and the wave lasts until new and
untreated keratins replace it.

SSince ancient times people have experi-
mented with ways to change their hairs.
Today, getting a permanent wave is a rou-
tine procedure that can be done either in
a hairdresser shop or at home. Changing
straight hair to curly hair is a practical
application of protein denaturation and
renaturation.

Hair contains a special class of pro-
teins called keratins, which are also pres-
ent in wool, nails, hoofs, and horns. X-ray
studies show that keratins are made of �-
helices coiled to form a superhelix. The
disulfide bonds (—S—S—) linking the
�-helices together are largely responsible
for the shape of the hair. The figure on
p. 1001 shows the basic steps involved in
a permanent wave process. Starting with
straight hair, the disulfide bonds are first
reduced to the sulfhydryl groups (—SH)

2HS—CH2COO2
1 ●—S—S—● —n

2 OOCCH2—S—S—CH2COO2
1 2 ●

—SH

Chemical Mystery

1001

Chemical Clues

1. Describe the bonding in the —S—S— linkage.
2. What are the oxidation numbers of S in the disulfide bond and in the sulfhydryl

group?
3. In addition to the disulfide bonds, the helices are joined together by hydrogen

bonds. Based on this information, explain why hair swells a bit when it is wet.
4. Hair grows at the approximate rate of 6 in per year. Given that the vertical

distance for a complete turn of an helix is 5.4 Å (1 Å 10 8 cm), how many
turns are spun off every second?

5. In the 1980s an English heiress died from a long illness. Autopsy showed that
the cause of death was arsenic poisoning. The police suspected that her husband
had administered the poison. The year prior to her death the heiress had taken
three 1-month trips to America to visit friends on her own. Discuss how forensic
analysis eventually helped the law enforcement build their case against her
husband. [Hint: Arsenic poisoning was discussed in another chemical mystery in
Chapter 4 (see p. 150). Studies show that within hours of ingesting as little as 3
mg of arsenic trioxide (As2O3), arsenic enters in the blood and becomes trapped
and carried up the follicle in the growing hair. At the time of her death, the
heiress had shoulder-length hair.]

8n 8n 8n

–S—S–

–S—S–

–S—S–

Straight hair

Wet hair
on curler

Reduced hair
on curler

–S—S–
–S—S–

–S—S–

Oxidized hair
off curler

(permanent wave)

–S—S–
–S—S–

–S—S–

–SH HS–
–SH HS–

–SH HS–
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