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as you need using instantaneous feedback to master each chemical concept and skill. Easy to use, Organic
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contact your Thomson Brooks/Cole representative.

* A fee-based code is required for access to Organic OWL. If you purchased a new book, you may already have access. Register by following the directions on the card
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Preface

I love to write. I get real pleasure from taking a complicated subject, turning it
around until I see it clearly, and then explaining it in simple words. I write to
explain chemistry to students today the way [ wish it had been explained to me
years ago.

The enthusiastic response to the six previous editions has been very gratity-
ing and suggests that this book has served students well. I hope you will find
that this seventh edition of Organic Chemistry builds on the strengths of the first
six and serves students even better. I have made every effort to make this new
edition as effective, clear, and readable as possible; to show the beauty and logic
of organic chemistry; and to make organic chemistry enjoyable to learn.

Organization and Teaching Strategies This seventh edition, like its predeces-
sors, blends the traditional functional-group approach with a mechanistic
approach. The primary organization is by functional group, beginning with the
simple (alkenes) and progressing to the more complex. Most faculty will agree
that students new to the subject and not yet versed in the subtleties of mecha-
nism do better this way. In other words, the what of chemistry is generally eas-
ier to grasp than the why. Within this primary organization, however, I place
heavy emphasis on explaining the fundamental mechanistic similarities of reac-
tions. This emphasis is particularly evident in the chapters on carbonyl-group
chemistry (Chapters 19-23), where mechanistically related reactions like the
aldol and Claisen condensations are covered together. By the time students
reach this material, they have seen all the common mechanisms and the value
of mechanisms as an organizing principle has become more evident.

The Lead-O0ff Reaction: Addition of HBr to Alkenes Students usually attach great
importance to a text’s lead-off reaction because it is the first reaction they see and
is discussed in such detail. I use the addition of HBr to an alkene as the lead-off to
illustrate general principles of organic chemistry for several reasons: the reaction
is relatively straightforward; it involves a common but important functional
group; no prior knowledge of stereochemistry or kinetics in needed to understand
it; and, most important, it is a polar reaction. As such, I believe that electrophilic
addition reactions represent a much more useful and realistic introduction to
functional-group chemistry than a lead-off such as radical alkane chlorination.

Reaction Mechanisms In the first edition of this book, I introduced an innova-
tive format for explaining reaction mechanisms in which the reaction steps are
printed vertically, with the changes taking place in each step described next to
the reaction arrow. This format allows a reader to see easily what is occurring at
each step without having to flip back and forth between structures and text.
Each successive edition has seen an increase in the number and quality of these
vertical mechanisms, which are still as fresh and useful as ever.

XVii
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Organic Synthesis Organic synthesis is treated in this text as a teaching device to
help students organize and deal with a large body of factual information—the
same skill so critical in medicine. Two sections, the first in Chapter 8 (Alkynes) and
the second in Chapter 16 (Chemistry of Benzene), explain the thought processes
involved in working synthesis problems and emphasize the value of starting from
what is known and logically working backward. In addition, Focus On boxes,
including The Art of Organic Synthesis, Combinatorial Chemistry, and Enantiose-
lective Synthesis, further underscore the importance and timeliness of synthesis.

Modular Presentation Topics are arranged in a roughly modular way. Thus, cer-
tain chapters are grouped together: simple hydrocarbons (Chapters 3-8), spec-
troscopy (Chapters 12-14), carbonyl-group chemistry (Chapters 19-23), and
biomolecules (Chapters 25-29). I believe that this organization brings to these
subjects a cohesiveness not found in other texts and allows the instructor the
flexibility to teach in an order different from that presented in the book.

Basic Learning Aids In writing and revising this text, I consistently aim for
lucid explanations and smooth transitions between paragraphs and between
topics. New concepts are introduced only when they are needed, not before,
and they are immediately illustrated with concrete examples. Frequent cross-
references to earlier material are given, and numerous summaries are provided
to draw information together, both within and at the ends of chapters. In addi-
tion, the back of this book contains a wealth of material helpful for learning
organic chemistry, including a large glossary, an explanation of how to name
polyfunctional organic compounds, and answers to all in-text problems. For still
further aid, an accompanying Study Guide and Solutions Manual gives summaries
of name reactions, methods for preparing functional groups, functional-group
reactions, and the uses of important reagents.

Changes and Additions for the Seventh Edition

The primary reason for preparing a new edition is to keep the book up to date,
both in its scientific coverage and in its pedagogy. My overall aim is always to
refine the features that made earlier editions so successful, while adding new ones.

I The writing has again been revised at the sentence level, streamlining the
presentation, improving explanations, and updating a thousand small details.
Several little-used reactions have been deleted (the alkali fusion of arene-
sulfonic acids to give phenols, for instance), and a few new ones have been
added (the Sharpless enantioselective epoxidation of alkenes, for instance).

I Other notable content changes are:

Chapter 2, Polar Covalent Bonds; Acids and Bases—A new Section 2.13 on non-
covalent interactions has been added.

Chapter 3, Organic Compounds: Alkanes and Their Stereochemistry—The chap-
ter has been revised to focus exclusively on open-chain alkanes.

Chapter 4, Organic Compounds: Cycloalkanes and Their Stereochemistry—The
chapter has been revised to focus exclusively on cycloalkanes.

Chapter 5, An Overview of Organic Reactions—A new Section 5.11 comparing
biological reactions and laboratory reactions has been added.
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Chapter 7, Alkenes: Reactions and Synthesis—Alkene epoxidation has been
moved to Section 7.8, and Section 7.11 on the biological addition of radicals
to alkenes has been substantially expanded.

Chapter 9, Stereochemistry—A discussion of chirality at phosphorus and sulfur
has been added to Section 9.12, and a discussion of chiral environments has
been added to Section 9.14.

Chapter 11, Reactions of Alkyl Halides: Nucleophilic Substitutions and
Eliminations—A discussion of the E1cB reaction has been added to Section 11.10,
and a new Section 11.11 discusses biological elimination reactions.

Chapter 12, Structure Determination: Mass Spectrometry and Infrared
Spectroscopy—A new Section 12.4 discusses mass spectrometry of biological
molecules, focusing on time-of-flight instruments and soft ionization meth-
ods such as MALDI.

Chapter 20, Carboxylic Acids and Nitriles—A new Section 20.3 discusses bio-
logical carboxylic acids and the Henderson-Hasselbalch equation.

Chapter 24, Amines and Heterocycles—This chapter now includes a discussion
of heterocycles, and a new Section 24.5 on biological amines and the Hen-
derson-Hasselbalch equation has been added.

Chapter 25, Biomolecules: Carbohydrates—A new Section 25.7 on the eight
essential carbohydrates has been added, and numerous content revisions have
been made.

Chapter 26, Biomolecules: Amino Acids, Peptides, and Proteins—The chapter has
been updated, particularly in its coverage of solid-phase peptide synthesis.

Chapter 27, Biomolecules: Lipids—The chapter has been extensively revised,
with increased detail on prostaglandins (Section 27.4), terpenoid biosynthesis
(Section 27.5), and steroid biosynthesis, (Section 27.7).

Chapter 28, Biomolecules: Nucleic Acids—Coverage of heterocyclic chemistry
has been moved to Chapter 24.

Chapter 29, The Organic Chemistry of Metabolic Pathways—The chapter has
been reorganized and extensively revised, with substantially increased detail
on important metabolic pathways.

Chapter 30, Orbitals and Organic Chemistry: Pericyclic Reactions—All the art in
this chapter has been redone.

I The order of topics remains basically the same but has been changed to
devote Chapter 3 entirely to alkanes and Chapter 4 to cycloalkanes. In addi-
tion, epoxides are now introduced in Chapter 7 on alkenes, and coverage of
heterocyclic chemistry has been moved to Chapter 24.

I The problems within and at the end of each chapter have been reviewed, and
approximately 100 new problems have been added, many of which focus on
biological chemistry.

I Focus On boxes at the end of each chapter present interesting applications of
organic chemistry relevant to the main chapter subject. Including topics from
biology, industry, and day-to-day life, these applications enliven and reinforce
the material presented within the chapter. The boxes have been updated,
and new ones added, including Where Do Drugs Come From? (Chapter 5),
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Green Chemistry (Chapter 11), X-Ray Crystallography (Chapter 22), and Green
Chemistry II: Ionic Liquids (Chapter 24).

I Biologically important molecules and mechanisms have received particu-
lar attention in this edition. Many reactions now show biological counterparts
to laboratory examples, many new problems illustrate reactions and mecha-
nisms that occur in living organisms, and enhanced detail is given for major
metabolic pathways.

More Features

I Why do we have to learn this? I've been asked this question so many times by
students that I thought that it would be appropriate to begin each chapter
with the answer. The Why This Chapter? section is a short paragraph that
appears at the end of the introduction to every chapter and tells students why
the material about to be covered is important.

I Thirteen Key Ideas are highlighted in the book. These include topics pivotal to
students’ development in organic chemistry, such as Curved Arrows in Reac-
tion Mechanisms (Chapter 5) and Markovnikov’s Rule (Chapter 6). These Key
Ideas are further reinforced in end-of-chapter problems marked with a A icon.
A selection of these problems are also assignable in OWL, denoted by a m.

I Worked Examples are now titled to give students a frame of reference.
Each Worked Example includes a Strategy and a worked-out Solution, and
then is followed by problems for students to try on their own. This book has
more than 1800 in-text and end-of-chapter problems.

I An overview chapter, A Preview of Carbonyl Chemistry, follows Chapter 18 and
highlights the author’s belief that studying organic chemistry requires both
summarizing and looking ahead.

I Thorough media integration with Organic Knowledge Tools: ThomsonNOW
for Organic Chemistry and Organic OWL are provided to help students prac-
tice and test their knowledge of the concepts. ThomsonNOW is an online
assessment program for self-study with interactive tutorials. Organic OWL is
an online homework learning system. Icons throughout the book direct stu-
dents to ThomsonNOW at www.thomsonedu.com. A fee-based access code is
required for Organic OWL.

I About 15 to 20 end-of-chapter problems per chapter, denoted with a ® icon,
are assignable in the OWL online homework system. These questions are algo-
rithmically generated, allowing students more practice.

I OWL (Online Web-based Learning) for Organic Chemistry, developed at the
University of Massachusetts, Amherst; class-tested by thousands of students;
and used by more than 50,000 students, provides fully class-tested questions
and tutors in an easy-to-use format. OWL is also customizable and cross-
platform. The OWL Online Web-based Learning system provides students
with instant grading and feedback on homework problems, modeling
questions, and animations to accompany this text. With parameterization,
OWL for Organic Chemistry offers nearly 6000 different questions as well as
MarvinSketch for viewing and drawing chemical structures.
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I A number of the figures are animated in ThomsonNOW. These are designated
as Active Figures in the figure legends.

I The Visualizing Chemistry Problems that begin the exercises at the end of each
chapter offer students an opportunity to see chemistry in a different way by
visualizing molecules rather than by simply interpreting structural formulas.

I Summaries and Key Word lists help students by outlining the key concepts of
the chapter.

I Summaries of Reactions, at the ends of appropriate chapters, bring together
the key reactions from the chapter in one complete list.

Companions to This Text

Supporting instructor materials are available to qualified adopters. Please con-
sult your local Thomson Brooks/Cole representative for details.

Visit www.thomsonedu.com to:

Find your local representative
Download electronic files of text art and ancillaries
Request a desk copy

Ancillaries for Students

Study Guide and Solutions Manual, by Susan McMurry, provides answers and
explanations to all in-text and end-of-chapter exercises. (0-495-11268-2)

ThomsonNOW Website To further student understanding, the text features sen-
sible media integration through ThomsonNOW, a powerful online learning
companion that helps students determine their unique study needs and provides
them with individualized resources. This dynamic learning companion com-
bines with the text to provide students with a seamless, integrated learning sys-
tem. The access code that is required for ThomsonNOW may be included with a
new copy of the text or purchased separately. Visit www.thomsonedu.com to
register for access (or to purchase access) to ThomsonNOW.

OWL for Organic Chemistry, authored by Steve Hixson and Peter Lillya of the
University of Massachusetts, Amherst, and William Vining of the State Univer-
sity of New York at Oneonta. Class-tested by thousands of students and used by
more than 50,000 students, OWL (Online Web-based Learning) provides fully
class-tested content in an easy-to-use format. OWL is also customizable and
cross-platform. The OWL Online Web-based Learning system provides students
with instant analysis and feedback on homework problems, modeling ques-
tions, and animations to accompany this text. With parameterization, OWL for
Organic Chemistry offers more than 6000 questions as well as MarvinSketch, a
Java applet for viewing and drawing chemical structures.

This powerful system maximizes the students’ learning experience and, at
the same time, reduces faculty workload and helps facilitate instruction. OWL
also uses the MDL Chime application to assist students with viewing structures
of organic compounds. New to this edition are 15 to 20 end-of-chapter problems
per chapter, denoted by a m icon, which are assignable in OWL. A fee-based
access code is required for OWL.
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Pushing Electrons: A Guide for Students of Organic Chemistry, third edition, by
Daniel P. Weeks. A workbook designed to help students learn techniques of
electron pushing, its programmed approach emphasizes repetition and active
participation. (0-03-020693-6)

Spartan Model Electronic Modeling Kit, A set of easy-to-use builders allow for the
construction and 3-D manipulation of molecules of any size or complexity—
from a hydrogen atom to DNA and everything in between. This kit includes the
SpartanModel software on CD-ROM, an extensive molecular database, 3-D
glasses, and a Tutorial and Users Guide that includes a wealth of activities to help
you get the most out of your course. (0-495-01793-0)

Ancillaries for Instructors

Powerlecture A dual-platform digital library and presentation tool that pro-
vides art and tables from the main text in a variety of electronic formats that are
easily exported into other software packages. Also contains simulations, molec-
ular models, and QuickTime movies to supplement lectures as well as electronic
files of various print supplements. Slides use the full power of Microsoft Power-
Point® and incorporate videos, animations, and other media assets from Thom-
sonNOW. Instructors can customize their lecture presentations by adding their
own slides or by deleting or changing existing slides (0-495-11265-8). Power-
Lecture also includes:

I ExamView Testing This easy-to-use software, containing questions and
problems authored specifically for the text, allows professors to create, deliver,
and customize tests in minutes.

I JoinIn on Turning Point for Organic Chemistry Book-specific JoinIn™
content for Response Systems tailored to Organic Chemistry allows you to
transform your classroom and assess your students’ progress with instant in-
class quizzes and polls. Our exclusive agreement to offer TurningPoint soft-
ware lets you pose book-specific questions and display students’ answers
seamlessly within the Microsoft PowerPoint slides of your own lecture, in con-
junction with the “clicker” hardware of your choice. Enhance how your stu-
dents interact with you, your lecture, and one another. Contact your local
Thomson representative to learn more.

WebCT/NOW Integration Instructors and students enter ThomsonNOW
through their familiar Blackboard or WebCT environment without the need for
a separate user name or password and can access all of the ThomsonNOW
assessments and content. Contact your local Thomson representative to learn
more.

Transparency Acetates Approximately 200 full-color transparency acetates
of key text illustrations, enlarged for use in the classroom and lecture halls.
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CHAPTER 1

Michel-Eugene Chevreul
(1786-1889) was born in Angers,
France. After studies at the
Collége de France in Paris, he
became professor of physics at
the Lycée Charlemagne in 1813
and professor of chemistry in
1830. Chevreul's studies of soaps
and waxes led him to patenta
method for manufacturing
candles. He also published work
on the psychology of color per-
ception and of aging. All France
celebrated his 100th birthday in
1886.

Friedrich Wohler (1800-1882)
was born in Eschersheim,
Germany, and studied at Heidel-
berg under Leopold Gmelin. From
1836 to 1882, he was professor of
chemistry at Gottingen. Wohler
developed the first industrial
method for preparing aluminum
metal, and he discovered several
new elements. In addition, he
wrote textbooks about both inor-
ganic and organic chemistry.

William Thomas Brande
(1788-1866) was born in London,
England. Trained as an apothe-
cary, he became a lecturerin
chemistry at the University of

London in 1808 and was a profes-

sor at the Royal Institution from
1813 to 1852. His scientific
achievements were modest,
although he was the first person
to discover naphthalene, now
used in mothballs.

Structure and Bonding

Although the drawings may appear unintelligible at this point, don’t worry.
Before long they’ll make perfectly good sense and you’ll be drawing similar
structures for any substance you're interested in.

The foundations of organic chemistry date from the mid-1700s, when chem-
istry was evolving from an alchemist’s art into a modern science. At that time,
unexplainable differences were noted between substances obtained from living
sources and those obtained from minerals. Compounds obtained from plants
and animals were often difficult to isolate and purify. Even when pure, they were
often difficult to work with, and they tended to decompose more easily than
compounds obtained from minerals. The Swedish chemist Torbern Bergman in
1770 was the first to express this difference between “organic” and “inorganic”
substances, and the term organic chemistry soon came to mean the chemistry of
compounds found in living organisms.

To many chemists of the time, the only explanation for the differences in
behavior between organic and inorganic compounds was that organic com-
pounds must contain a peculiar “vital force” as a result of their origin in living
sources. One consequence of this vital force, chemists believed, was that organic
compounds could not be prepared and manipulated in the laboratory as could
inorganic compounds. As early as 1816, however, this vitalistic theory received
a heavy blow when Michel Chevreul found that soap, prepared by the reaction
of alkali with animal fat, could be separated into several pure organic com-
pounds, which he termed fatty acids. For the first time, one organic substance
(fat) was converted into others (fatty acids plus glycerin) without the interven-
tion of an outside vital force.

NaOH
Animal fat ———— Soap + Glycerin
H30*
Soap = “Fatty acids”

Little more than a decade later, the vitalistic theory suffered still further
when Friedrich Wo6hler discovered in 1828 that it was possible to convert the
“inorganic” salt ammonium cyanate into the “organic” substance urea, which
had previously been found in human urine.

[l
Heat C

H2N/ ~

NH,* ~OCN
NH,

Ammonium cyanate Urea

By the mid-1800s, the weight of evidence was clearly against the vitalistic
theory. As William Brande wrote in 1848, “No definite line can be drawn
between organic and inorganic chemistry. . . . Any distinctions . . . must for the
present be merely considered as matters of practical convenience calculated to
further the progress of students.” Chemistry today is unified, and the same prin-
ciples explain the behaviors of all substances, regardless of origin or complexity.
The only distinguishing characteristic of organic chemicals is that all contain the
element carbon.
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Figure 1.1 The position of
carbon in the periodic table.
Other elements commonly
found in organic com-
pounds are shown in the
colors typically used to rep-
resent them.

1.1

1.1 Atomic Structure: The Nucleus 3

Organic chemistry, then, is the study of carbon compounds. But why is
carbon special? Why, of the more than 30 million presently known chemical
compounds, do more than 99% of them contain carbon? The answers to these
questions come from carbon’s electronic structure and its consequent position
in the periodic table (Figure 1.1). As a group 4A element, carbon can share four
valence electrons and form four strong covalent bonds. Furthermore, carbon
atoms can bond to one another, forming long chains and rings. Carbon, alone
of all elements, is able to form an immense diversity of compounds, from the
simple to the staggeringly complex—from methane, with one carbon atom, to
DNA, which can have more than 100 hundred million carbons.

Group
1A 8A
H | on 3A 4A 5A BA 7A | He
Li | Be Bl{C|N|O|F |Ne
Na | Mg Allsi|P]|s|cl|Ar

K |Ca|Sc| T V [ Cr|Mn|Fe [Co| Ni [Cu|Zn| Ga| Ge | As Se.Kr

Rb| Sr| Y | Zr |Nb|Mo| Tc | Ru | Rh |Pd |Ag|[Cd | In |Sn |Sb | Te | I | Xe
Cs|Ba|La|Hf | Ta|W |Re|Os| Ir | Pt |Au|Hg| Tl | Pb | Bi | Po | At | Rn
Fr | Ra | Ac

Not all carbon compounds are derived from living organisms, of course, and
chemists over the years have developed a remarkably sophisticated ability to
design and synthesize new organic compounds. Medicines, dyes, polymers,
food additives, pesticides, and a host of other substances are now prepared in
the laboratory. Organic chemistry touches the lives of everyone. Its study is a
fascinating undertaking.

WHY THIS CHAPTER?

We'll ease into the study of organic chemistry by first reviewing some ideas
about atoms, bonds, and molecular geometry that you may recall from your
general chemistry course. Much of the material in this chapter and the next is
likely to be familiar to you, but it’s nevertheless a good idea to make sure you
understand it before going on.

Atomic Structure: The Nucleus

As you probably know, an atom consists of a dense, positively charged nucleus sur-
rounded at a relatively large distance by negatively charged electrons (Figure 1.2).
The nucleus consists of subatomic particles called neutrons, which are electrically
neutral, and protons, which are positively charged. Because an atom is neutral
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Figure 1.2 A schematic view of
an atom. The dense, positively
charged nucleus contains most
of the atom’s mass and is sur-
rounded by negatively charged
electrons. The three-dimensional
view on the right shows calcu-
lated electron-density surfaces.
Electron density increases
steadily toward the nucleus and
is 40 times greater at the blue
solid surface than at the gray
mesh surface.

1.2

Structure and Bonding

overall, the number of positive protons in the nucleus and the number of nega-
tive electrons surrounding the nucleus are the same.

Although extremely small—about 10714 to 10715 meter (m) in diameter—
the nucleus nevertheless contains essentially all the mass of the atom. Electrons
have negligible mass and circulate around the nucleus at a distance of approxi-
mately 10710 m. Thus, the diameter of a typical atom is about 2 X 10~19 m, or
200 picometers (pm), where 1 pm = 10~12 m. To give you an idea of how small
this is, a thin pencil line is about 3 million carbon atoms wide. Many organic
chemists and biochemists, particularly in the United States, still use the unit
angstrom A) to express atomic distances, where 1 A=10"19m =100 pm, but
we'll stay with the SI unit picometer in this book.

Nucleus (protons + neutrons)

\Volume around nucleus
occupied by orbiting electrons

A specific atom is described by its atomic number (Z), which gives the num-
ber of protons in the atom’s nucleus, and its mass number (A), which gives the
total of protons plus neutrons in its nucleus. All the atoms of a given element
have the same atomic number—1 for hydrogen, 6 for carbon, 15 for phospho-
rus, and so on—but they can have different mass numbers, depending on how
many neutrons they contain. Atoms with the same atomic number but differ-
ent mass numbers are called isotopes. The weighted average mass in atomic
mass units (amu) of an element’s naturally occurring isotopes is called the ele-
ment’s atomic mass (or atomic weight)—1.008 amu for hydrogen, 12.011 amu for
carbon, 30.974 amu for phosphorus, and so on.

Atomic Structure: Orbitals

How are the electrons distributed in an atom? You might recall from your gen-
eral chemistry course that, according to the quantum mechanical model, the
behavior of a specific electron in an atom can be described by a mathematical
expression called a wave equation—the same sort of expression used to describe
the motion of waves in a fluid. The solution to a wave equation is called a wave
function, or orbital, and is denoted by the Greek letter psi, .

By plotting the square of the wave function, ¢, in three-dimensional space,
the orbital describes the volume of space around a nucleus that an electron is
most likely to occupy. You might therefore think of an orbital as looking like a
photograph of the electron taken at a slow shutter speed. The orbital would
appear as a blurry cloud indicating the region of space around the nucleus where
the electron has been. This electron cloud doesn’t have a sharp boundary, but
for practical purposes we can set the limits by saying that an orbital represents
the space where an electron spends most (90%-95%) of its time.
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Figure 1.3 Representations of
s, p, and d orbitals. The s orbitals
are spherical, the p orbitals are
dumbbell-shaped, and four of
the five d orbitals are cloverleaf-
shaped. Different lobes of

p orbitals are often drawn for
convenience as teardrops, but
their true shape is more like that
of a doorknob, as indicated.

Figure 1.4 The energy levels of
electrons in an atom. The first
shell holds a maximum of 2 elec-
trons in one 1s orbital; the
second shell holds a maximum
of 8 electrons in one 2s and three
2p orbitals; the third shell holds a
maximum of 18 electrons in one
3s, three 3p, and five 3d orbitals;
and so on. The two electrons in
each orbital are represented by
up and down arrows, T!.
Although not shown, the energy
level of the 4s orbital falls
between 3p and 3d.

1.2 Atomic Structure: Orbitals 5

What do orbitals look like? There are four different kinds of orbitals,
denoted s, p, d, and f, each with a different shape. Of the four, we’ll be concerned
primarily with s and p orbitals because these are the most common in organic
and biological chemistry. The s orbitals are spherical, with the nucleus at
their center; p orbitals are dumbbell-shaped; and four of the five d orbitals are
cloverleaf-shaped, as shown in Figure 1.3. The fifth d orbital is shaped like an
elongated dumbbell with a doughnut around its middle.

A d orbital

An s orbital A p orbital

The orbitals in an atom are organized into different layers, or electron
shells, of successively larger size and energy. Different shells contain different
numbers and kinds of orbitals, and each orbital within a shell can be occupied
by two electrons. The first shell contains only a single s orbital, denoted 1s, and
thus holds only 2 electrons. The second shell contains one 2s orbital and three
2p orbitals and thus holds a total of 8 electrons. The third shell contains a
3s orbital, three 3p orbitals, and five 3d orbitals, for a total capacity of 18 elec-
trons. These orbital groupings and their energy levels are shown in Figure 1.4.

3rd shell o g
(capacity—18 electrons) 3p -H_ -H_ -H_
3s +H-
>
g 2nd shell 2p H H H
s (capacity—S8 electrons) 2s +H-
1st shell
(capacity—2 electrons) Ts -H_

The three different p orbitals within a given shell are oriented in space
along mutually perpendicular directions, denoted py, py, and p,. As shown in
Figure 1.5, the two lobes of each p orbital are separated by a region of zero elec-
tron density called a node. Furthermore, the two orbital regions separated by
the node have different algebraic signs, + and —, in the wave function. As we’ll
see in Section 1.11, the algebraic signs of the different orbital lobes have impor-
tant consequences with respect to chemical bonding and chemical reactivity.
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