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PrefACe

Goals of This Text

This text is designed for an introductory course in organic chemistry and assumes, as background, a 
prior course of general chemistry. Both its form and content have been shaped by our experiences in 
the classroom and by our assessment of the present and future direction of the brief organic course.

A brief course in organic chemistry must achieve several goals. First, most students who elect 
this course are oriented toward careers in science, but few if any intend to become professional 
chemists; rather, they are preparing for careers in areas that require a grounding in the  essentials of 
organic chemistry. here is the place to examine the structure, properties, and reactions of rather sim-
ple molecules. Students can then build on this knowledge in later course work and professional life.

Second, an introductory course must portray something of the scope and content of organic 
chemistry as well as its tremendous impact on the ways we live and work. To do this, we have in-
cluded specifc examples of pharmaceuticals, plastics, soaps and detergents, natural and synthetic 
textile fbers, petroleum refning, petrochemicals, pesticides, artifcial favoring agents, chemical 
ecology, and so on at appropriate points in the text.

Third, a brief course must convince students that organic chemistry is more than just a catalog 
of names and reactions. There are certain organizing themes or principles, which not only make the 
discipline easier to understand, but also provide a way to analyze new chemistry. The relationship 
between molecular structure and chemical reactivity is one such theme. electronic theory of organic 
chemistry, including lewis structures, atomic orbitals, the hybridization of atomic orbitals, and the 
theory of resonance are presented in chapter 1. chapter 2 explores the relationship between molecu-
lar structure and one chemical property, namely, acidity and basicity. Variations in acidity and basic-
ity among organic compounds are correlated using the concepts of electronegativity, the inductive 
 effect, and resonance. These same concepts are used throughout the text in discussions of molecular 
structure and chemical reactivity. Stereochemistry is a second theme that recurs throughout the text. 
The concept and importance of the spatial arrangement of atoms is introduced in chapter 3 with the 
concept of conformations in alkanes and cycloalkane, followed by cis/trans isomerism in chapters 3 
(in cycloalkanes) and 4 (in alkenes). Molecular symmetry and asymmetry, enantiomers and absolute 
confguration, and the signifcance of asymmetry in the biological world are discussed in chapter 6. 
The concept of a mechanistic understanding of the reactions of organic substances is a third major 
theme. Reaction mechanisms are frst presented in chapter 5; they not only help to minimize mem-
ory work but also provide a satisfaction that comes from an understanding of the molecular logic that 
governs how and why organic reactions occur as they do. in this chapter we present a set of fve fun-
damental patterns that are foundational to the molecular logic of organic reactions. An understand-
ing and application of these patterns will not only help to minimize memory work but also provide 
a satisfaction that comes from an understanding of how and why organic reactions occur as they do.

The audience

This book provides an introduction to organic chemistry for students who intend to pursue 
 careers in the sciences and who require a grounding in organic chemistry. For this reason, we make 
a special effort throughout to show the interrelation between organic chemistry and other areas of 
science, particularly the biological and health sciences. While studying with this book, we hope 
that students will see that organic chemistry is a tool for these many  disciplines, and that organic 
compounds, both natural and synthetic, are all around them—in pharmaceuticals, plastics, fbers, 
agrochemicals, surface coatings, toiletry preparations and cosmetics, food additives, adhesives, 

xvii



P r E Fa C E xviii

and elastomers. Furthermore, we hope that students will recognize that organic chemistry is a 
dynamic and ever-expanding area of science waiting openly for those who are prepared, both by 
training and an inquisitive nature, to ask questions and explore.

new to This Edition

●● “Mechanism” boxes have been added for each mechanism in the book. These Mecha-
nism boxes serve as road maps and are a new way of presenting mechanisms using basic 
steps and recurring themes that are common to most organic reaction mechanisms. This 
 approach  allows students to see that reactions have many steps in common, and it makes 
the reactions easier to understand and remember. By graphically highlighting the mecha-
nisms in the text, we emphasize the importance of mechanisms for learning organic chem-
sitry, and  mechanisms are easier for the students to locate quickly.

1375 . 3  What Are the Mechanisms of Electrophilic Additions to Alkenes?

Chemists account for the addition of HX to an alkene by a two-step mechanism, which 
we illustrate by the reaction of  2-butene with hydrogen chloride to give 2-chlorobutane. Let us 
frst look at this two-step mechanism in general and then go back and study each step in detail.

S T R AT E g Y

Use Markovnikov’s rule, which predicts that H adds to the least substituted carbon of the double bond and halogen adds to 
the more substituted carbon.

S O L U T I O N

(a)  CH3

 CH3
 ƒ
CCH3
ƒ
I

 (b)  Cl

CH3

the hydrogen of
HCl is added to

this carbon

2-Iodo-2-methylpropane 
1-Chloro-1-methylcyclopentane See problems 5.17–5.20, 5.28

p r o b l E m  5.2

Name and draw a structural formula for the major product of each alkene addition reaction:

(a)  CH3CH“CH2 + HI ¡  (b)  CH +HI   ¡2

Mechanism
electrophilic addition of hCl to 2-Butene

STEp 1: Add a proton. The reaction begins with the transfer of a proton from HCl to 2-butene, as shown 
by the two curved arrows on the left side of Step 1:

(a nucleophile) (an electrophile) sec-Butyl cation
(a 2° carbocation

intermediate)

Cl
-+CH3C

+
H ¬

H
ƒ

CHCH3

slow, rate
determining

H
d+

¬ Cl
d-

+CH3CH “ CHCH 3

⁄

⁄

 The first curved arrow shows the breaking of the pi bond of the alkene and its electron pair now 
forming a new covalent bond with the hydrogen atom of HCl. In this step, the carbon–carbon 
double bond of the alkene is the nucleophile (the electron-rich, nucleus-seeking species) and 
HCl is the electrophile (the electron-poor, electron-seeking species). The second curved arrow 
shows the breaking of the polar covalent bond in HCl and this electron pair being given entirely 
to chlorine, forming chloride ion. Step 1 in this mechanism results in the formation of an organic 
cation and chloride ion.

STEp 2:  Reaction of an electrophile and a nucleophile to form a new covalent bond. The reaction of the 
sec-butyl cation (an electrophile and a Lewis acid) with chloride ion (a nucleophile and a Lewis 
base) completes the valence shell of carbon and gives 2-chlorobutane:

(a nucleophile) (an electrophile)

Cl

Cl

Chloride ion sec -Butyl cation 2-Chlorobutane
(a Lewis base) (a Lewis acid)

CH3

ƒ
CHCH2CH3

fast "CH3C
+-

HCH2CH3+
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●● new “Group Learning Activities” appear with the end-of-chapter problems, and provide 
 students with the opportunity to learn organic chemistry collaboratively. This will encourage 
students to work in groups and foster more active learning in their studying.

5.55 Take turns quizzing each other on the reactions 
presented  in this chapter in the following ways:

(a)  Say the name of a reaction and ask each other 
to come up with the reagents and products of 
that reaction. For example, if you say “catalytic 
hydrogenation of an alkene” the answer should 
be “H2/Pt reacts to give an alkane.”

(b) Describe a set of reagents and ask each other 
what functional group(s) the reagents react 
with. For example, if you say “H2/Pt,” the 
answer should be “alkenes” and “alkynes.”

(c) Name a functional group or class of compound 
as a product of a reaction and ask what func-
tional group or class of compound could be 
used to synthesize that product. For example, 
if you say “alkene,” the answer should be 
“alkyne.”

GROUP LEARNING ACT IV IT IES

5.56 Using a piece of paper or, preferably, a whiteboard 
or chalkboard, take turns drawing the mechanisms 
of each reaction in this chapter from memory. If you 
forget a step or make a mistake, another member of 
the group should step in and finish it.

5.57 With the exception of ethylene to ethanol, the acid-
catalyzed hydration of alkenes cannot be used for the 
synthesis of primary alcohols. Explain why this is so.
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●● Due to overwhelming demand, we have combined the chapters on organic spectroscopic tech-
niques into one chapter, chapter 11, while still providing a sound conceptual treatise on 
organic spectroscopy. in combining the chapters, students are shown that the absorption of 
electromagnetic radiation and transitions between energy states are common themes to both 
infrared spectroscopy and nMR spectroscopy.

●● “Key Terms and Concepts” now appear within the “Summary of Key Questions.” in doing 
so, we shift the emphasis from simply memorizing a list of terms to seeing the terms (high-
lighted in bold) in the context of important conceptual questions.

●● We have reduced the length of the text. Using reviewer input and feedback from instructors 
who have used the text, we removed material that we identifed as being less important to our 
audience’s learning of organic chemistry. We also moved some chapters online, to the text 
website and to WileyPLUS. The result is a manageable amount of material that still provides 
a thorough introduction to organic chemistry. chapter 20, nucleic Acids, and chapter 21, 
The organic chemistry of Metabolism, will be available in WileyPLUS and at the text website: 
www.wiley.com/college/brown.

special Features

“How To” Boxes: have your students ever wished for an easy-to-follow, step-by-step guide to 
understanding a problem or concept? We have identifed topics in nearly every chapter that often 
give students a diffcult time and created step-by-step How To guides for approaching them.

H
O

W
 T

O
 5

.1

Mechanisms show how bonds are broken 
and formed. Although individual atoms 
may change positions in a reaction, the 
curved arrows used in a mechanism are 
only for the purpose of showing electron 
movement. Therefore, it is important to 
remember that curved arrow notation 
always shows the arrow originating from 
a bond or from an unshared electron pair 
(not the other way around).

Draw Mechanisms

a common mistake is to use curved arrows to indicate
the movement of atoms rather than electrons

Correct use of curved arrows...

H

H

H
H

H

H

H
H

H
H

H
H

HH H Br

H Br

+ + +

+++

-

Incorrect use of curved arrows...

≠≠
≠

≠≠
≠

Br≠≠ ≠
≠

-
Br≠≠ ≠

≠

Chemical Connection Boxes include applications of organic chemistry to the world around 
us, particularly to the biochemical, health, and biological sciences. The topics covered in 
these boxes represent real-world applications of organic chemistry and highlight the relevance 
between organic chemistry and the students’ future careers. 

“Putting It Together” Cumulative Review Questions: in this text, end-of-chapter problems are 
organized by section, allowing students to easily refer back to the chapter if diffculties arise. This 
way of organizing practice problems is very useful for learning new material. Wouldn’t it be help-
ful for students to know whether they could do a problem that wasn’t categorized for them (i.e., to 
know whether they could recognize that problem in a different context, such as an exam setting)? 
To help students in this regard, we have added a section called Putting It Together (piT) at the end 
of chapters 3, 6, 10, 14, and 17. each piT section is structured much like an exam would be or-
ganized, with questions of varying type (multiple choice, short answer, naming, mechanism prob-
lems, predict the products, synthesis problems, etc.) and diffculty (often requiring knowledge of 
concepts from two or more previous chapters). Students’ performance on the piT questions will 

www.wiley.com/college/brown
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aid them in assessing their knowledge of the concepts from these groupings of chapters. The solu-
tions to the putting it Together questions appear in the Student Solutions Manual.

Problem-Solving Strategies: one of the greatest diffculties students often encounter when 
 attempting to solve problems is knowing where to begin. To help students overcome this chal-
lenge, we include a Strategy step for every worked example in the text. The strategy step will help 
students to determine the starting point for each of the example problems. once students are 
familiar with the strategy, they can apply it to all problems of that type. 

E X A M P L E  5.5

Draw a structural formula for the product of the acid-catalyzed hydration of 1-methylcyclohexene.

S T R AT E G Y

Use Markovnikov’s rule, which states that the H adds to the carbon of the carbon–carbon double bond bearing the greater 
number of hydrogens and that OH adds to the carbon bearing the lesser number of hydrogens.

S O L U T I O N

1-Methylcyclohexene 1-Methylcyclohexanol

CH

+H2O
H2SO4

3
CH3

OH

See problems 5.19, 5.20, 5.28, 5.32

Quick Quizzes: Research on reading comprehension has shown that good readers self- monitor 
their understanding of what they have just read. We have provided a tool that will allow students 
to do this, called the Quick Quiz. Quick quizzes are a set of true or false questions at the end 
of every chapter designed to test students’ understanding of the basic concepts presented in the 
 chapter. The questions are not designed to be an indicator of their readiness for an exam. Rather, 
they are provided for students to assess whether they have the bare minimum of knowledge  needed 

 1. Catalytic reduction of an alkene is syn stereoselective. 
(5.6)

 2. Borane, BH3, is a Lewis acid. (5.5)

 3. All electrophiles are positively charged. (5.3)

 4. Catalytic hydrogenation of cyclohexene gives hexane. 
(5.6)

 5. A rearrangement will occur in the reaction of 2-methyl-
2-pentene with HBr. (5.4)

 6. All nucleophiles are negatively charged. (5.3)

 7. In hydroboration, BH3 behaves as an electrophile. (5.5)

 8. In catalytic hydrogenation of an alkene, the reducing 
agent is the transition metal catalyst. (5.6)

 9. Alkene addition reactions involve breaking a pi bond 
and forming two new sigma bonds in its place. (5.3)

 10. The foundation for Markovnikov’s rule is the relative 
stability of carbocation intermediates. (5.3)

 11. Acid-catalyzed hydration of an alkene is regioselective. 
(5.3)

 12. The mechanism for addition of HBr to an alkene involves 
one transition state and two reactive intermediates. (5.3)

 13. Hydroboration of an alkene is regioselective and stereo-
selective. (5.5)

 14. According to the mechanism given in the text for acid-
catalyzed hydration of an alkene, the H and OH 
groups added to the double bond both arise from the 
same molecule of H2O. (5.3)

 15. Acid-catalyzed addition of H2O to an alkene is called 
hydration. (5.3)

 16. If a compound fails to react with Br2, it is unlikely that the 
compound contains a carbon–carbon double bond. (5.3)

 17. Addition of Br2 and Cl2 to cyclohexene is anti-stereo-
selective. (5.3)

 18. A carbocation is a carbon that has four bonds to it and 
bears a positive charge. (5.3)

 19. The geometry about the positively charged carbon of a 
carbocation is best described as trigonal planar. (5.3)

 20. The carbocation derived by proton transfer to ethylene 
is CH3CH2 . (5.3)

 21. Alkyl carbocations are stabilized by the electron-with-
drawing inductive effect of the positively charged car-
bon of the carbocation. (5.3)

QUICK  QUIZ
Answer true or false to the following questions to assess your general knowledge of the concepts in this chapter. If 
you have difficulty with any of them, you should review the appropriate section in the chapter (shown in parenthe-
ses) before attempting the more challenging end-of-chapter problems.
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to begin approaching the end-of-chapter problems. The answers to the quizzes are provided at the 
bottom of the page, so that students can quickly check their progress, and if necessary, return to 
the appropriate section in the chapter to review the material.

More Practice Problems: it is widely agreed that one of the best ways to learn the material in 
organic chemistry is to have students do as many of the practice problems available as possible. We 
have increased the number of practice problems in the text by 15%, providing students with even 
more opportunities to learn the material. For example, we’ve included a section called Chemical 
Transformations in nearly every chapter, which will help students to familiarize themselves with 
the reactions covered both in that chapter and in previous chapters. These problems provide a 
constructivist approach to learning organic chemistry. That is, they illustrate how concepts con-
stantly build on each other throughout the course. 

Organic Synthesis: in this text, we treat organic synthesis and all of the challenges it presents 
as a teaching tool. We recognize that the majority of students taking this course are intending to 
pursue careers in the health and biological sciences, and that very few intend to become synthetic 
organic chemists. We also recognize that what organic chemists do best is to synthesize new com-
pounds; that is, they make things. Furthermore, we recognize that one of the keys to mastering 
organic chemistry is extensive problem solving. To this end, we have developed a large number 
of synthetic problems in which the target molecule is one with an applied, real-world use. our 
purpose in this regard is to provide drills in recognizing and using particular reactions within 
the context of real syntheses. it is not our intent, for example, that students be able to propose a 
synthesis for procaine (novocaine), but rather that when they are given an outline of the steps by 
which it can be made, they can supply necessary reagents.

Greater Attention to Visual Learning: Research in knowledge and cognition has shown that vi-
sualization and organization can greatly enhance learning. We have increased the number of call-
outs (short dialog bubbles) to highlight important features of many of the illustrations throughout 
the text. This places most of the important information in one location. When students try to 
recall a concept or attempt to solve a problem, we hope that they will try to visualize the relevant 
illustration from the text. They may be pleasantly surprised to fnd that the visual cues provided 
by the callouts help them to remember the content as well as the context of the illustration.

this carbon forms the
bond to hydrogen

2-Methylpropene Isobutyl cation
(a 1° carbocation)

CH3

C

C

H3

HCH2Cl

 

CH3

C

C

H3

HCH2H Cl
Cl

CH3

C

C

H3

CH2

1-Chloro-2-methylpropane
(not formed)

2-Methylpropene

CH3

C

C

H3

CH3

Cl

Cl
 

CH3

C

C

H3

CH3H

 

CH3

C

C

H3

CH2
this carbon forms 

the bond to
hydrogen 

tert -Butyl cation
(a 3° carbocation)

2-Chloro-2-methylpropane
(product formed)

Cl

Organization: an Overview

chapters 1–10 begin a study of organic compounds by frst reviewing the fundamentals of 
 covalent bonding, the shapes of molecules, and acid–base chemistry. The structures and typical 
reactions of several important classes of organic compounds are then discussed: alkanes, alkenes 
and alkynes, haloalkanes, alcohols and ethers, benzene and its derivatives, and amines, aldehydes, 
and ketones, and fnally carboxylic acids and their derivatives. 
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chapter 11 introduces iR spectroscopy, and 1h-nMR and 13c-nMR spectroscopy. 
 Discussion of spectroscopy requires no more background than what students receive in general 
chemistry. The chapter is freestanding and can be taken up in any order appropriate to a par-
ticular course.

chapters 12–16 continue the study of organic compounds, including aldehydes and 
 ketones, carboxylic acids, and fnally carboxylic acids and their derivatives. chapter 15 concludes 
with an introduction to the aldol, claisen, and Michael reactions, all three of which are important 
means for the formation of new carbon–carbon bonds. chapter 16 provides a brief introduction 
to organic polymer chemistry.

chapters 17–20 present an introduction to the organic chemistry of carbohydrates, amino 
acids and proteins, nucleic acids, and lipids. chapter 21, The organic chemistry of Metabo-
lism, demonstrates how the chemistry developed to this point can be applied to an understand-
ing of three major metabolic pathways—glycolysis, the b-oxidation of fatty acids, and the citric 
acid cycle.

WileyPLUS for Organic Chemistry—A Powerful 
Teaching and Learning Solution

WileyPLUS is an innovative, research-based online environment for effective teaching and 
learning.

WileyPLUS builds students’ confidence because it takes the guesswork out of studying by provid-
ing students with a clear road map: what they should do, how they should do it, and if they did it right. 
This interactive  approach focuses on:

CONFIDENCE: Research shows that students experience a great deal of anxiety over studying. 
That’s why we provide a structured learning environment that helps students focus on what to 
do, along with the support of immediate resources.

MOTIVATION: To increase and sustain motivation throughout the semester, WileyPLUS helps 
students learn how to do it at a pace that’s right for them. our integrated resources—available 
24/7—function like a personal tutor, directly addressing each student’s demonstrated needs with 
specifc problem-solving techniques.

SUCCESS: WileyPLUS helps to ensure that each study session has a positive outcome by putting 
students in control. Through instant feedback and study objective reports, students know if they 
did it right, and where to focus next, so they achieve the strongest results.

With WileyPLUS, our effcacy research shows that students improve their outcomes by as 
much as one letter grade. WileyPLUS helps students take more initiative, so you’ll have greater 
impact on their achievement in the classroom and beyond.

Four unique silos of assessment are available to instructors for creating online homework 
and quizzes and are designed to enable and support problem-solving skill development and con-
ceptual understanding:

Reaction Explorer—Students’ ability to understand mechanisms and predict synthesis reactions 
greatly impacts their level of success in the course. Reaction Explorer is an interactive system 
for learning and practicing reactions, syntheses, and mechanisms in organic chemistry with 
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advanced support for the automatic generation of random problems and curved arrow mechanism 
diagrams.

Mechanism explorer provides valuable practice of reactions and mechanisms:

Synthesis explorer provides meaningful practice of single and multistep synthesis: 

End-of-Chapter Problems—A subset of the end-of-chapter problems is included for use in 
WileyPLUS. Many of the problems are algorithmic and feature structure drawing/assessment 
functionality using MarvinSketch, with immediate answer feedback. 

Prebuilt Concept Mastery Assignments—Students must continuously practice and work 
 organic chemistry problems in order to master the concepts and skills presented in the course. 
Prebuilt concept mastery assignments offer students ample opportunities for practice in each 
chapter. each assignment is organized by topic and features feedback for incorrect answers. 
These assignments pull from a unique database of over 25,000 questions, over half of which 
 require students to draw a structure using MarvinSketch.
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Test Bank—A rich Test Bank, containing over 2,000 questions, is also available within 
WileyPLUS as an additional resource for creating assignments or tests.

What Do students receive with WileyPLUS ?
●● integrated, multimedia resources that address your students’ unique learning styles, levels of 

profciency, and levels of preparation by providing multiple study paths and that encourage 
more active learning. These include:

●● New* Chapter Zero: General Chemistry Refresher. To ensure that students have mas-
tered the necessary prerequisite content from General chemistry, and to eliminate the bur-
den on instructors to review this material in lecture, WileyPLUS now includes a complete 
chapter of core General chemistry topics with corresponding assignments. chapter Zero is 
available to students and can be assigned in WileyPLUS to ensure and gauge understanding 
of the core topics required to succeed in organic chemistry. 

●● Office Hour Videos, Solved Problem Videos, and Video Mini-Lectures. in each chap-
ter, several types of video assistance are included to help students with conceptual under-
standing and problem-solving strategies. The video mini-lectures focus on challenging con-
cepts; the offce hours videos take these concepts and apply them to example problems, 
emulating the experience that a student would get if she or he were to attend offce hours 
and ask for assistance in working a problem. The Solved problem videos use the solved 
problems from the book, audio, and a whiteboard. The goal is to illustrate good problem-
solving strategies.

●● Skill-Building Exercises utilize animated exercises, with instant feedback, to reinforce the 
key skills required to succeed in organic chemistry.

●● 3D Visualization Animations use the latest visualization technologies to help students 
visualize concepts with audio. instructors can assign quizzes based on these visualizations 
in WileyPLUS.

●● The complete digital textbook, saving students up to 60% off the cost of a printed text.
●● Question assistance, including links to relevant sections in the online digital textbook.
●● immediate feedback and proof of progress, 24/7.

What Do instructors receive with WileyPLUS ?
●● Four unique silos of assessment for creating online homework and quizzes.
●● Reliable resources that reinforce course goals inside and outside of the classroom.
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●● The ability to easily identify those students who are falling behind by tracking their progress 
and offering assistance early, even before they come to offce hours. WileyPLUS simplifes and 
automates such tasks as student performance assessment, creating assignments, scoring student 
work, keeping grades, and more.

●● Media-rich course materials and assessment content that allow you to customize your class-
room presentation with a wealth of resources and functionality from powerpoint slides to a 
database of rich visuals. you can even add your own materials to your WileyPLUS course.

support Package for students

Student Solutions Manual: Authored by Felix lee, of The University of Western ontario. The 
Student Study Guide contains detailed solutions to all problems, including the Quick Quiz ques-
tions and the putting it Together questions.

support Package for instructors

All instructor Resources are available within WileyPLUS or they can be accessed by contacting 
your local Wiley Sales Representative.

PowerPoint Presentations: Authored by William Brown, the ppT lecture slides provide a pre-
built set of approximately 700 slides corresponding to every chapter in the text. The slides include 
examples and illustrations that help reinforce and test students’ grasp of organic chemistry con-
cepts. An additional set of ppT slides, featuring the illustrations, fgures, and tables from the text, 
are also available. All ppT slide presentations are customizable to ft your course.

Test Bank: Authored by Stefan Bossmann of Kansas State University, the Test Bank for this 
 edition has been revised and updated to include over 2,000 short-answer, multiple-choice, and 
true-false questions. it is available in both printed and computerized versions. 

Digital Image Library: images from the text are available online in JpeG format. instructors 
may use these to customize their presentations and to provide additional visual support for  quizzes 
and exams.

Customization and Flexible Options to meet Your needs

Wiley Custom Select allows you to create a textbook with precisely the content you want, in a 
simple, three-step online process that brings your students a cost-effcient alternative to a tradi-
tional textbook. Select from an extensive collection of content at http://customselect.wiley.com, 
upload your own materials as well, and select from multiple delivery formats—full color or black 
and white print with a variety of binding options, or eBook. preview the full text online, get an 
instant price quote, and submit your order; we’ll take it from there.

WileyFLEX offers content in fexible and cost-saving options to students. our goal is to 
 deliver our learning materials to our customers in the formats that work best for them, whether 
traditional text, eTextbook, WileyPLUS, loose-leaf binder editions, or customized content through 
Wiley custom Select.
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01
Covalent Bonding  

and Shapes  
of Molecules

A model of the structure of diamond, one form of pure carbon. Each carbon atom in 
diamond is bonded to four other carbon atoms at the corners of a tetrahedron. Inset:  
A model of buckyball, a form of carbon with a molecular formula of C60. 
(Charles D. Winters)

1.1  How Do We Describe the Electronic Structure of 
Atoms?

1.2 What Is the Lewis Model of Bonding?

1.3  How Do We Predict Bond Angles and the Shapes 
of Molecules?

1.4  How Do We Predict If a Molecule Is Polar or Nonpolar?

1.5 What Is Resonance?

1.6  What Is the Orbital Overlap Model of Covalent 
Bonding?

1.7 What Are Functional Groups?

H O W  T O

1.1  How to Draw Lewis Structures for Molecules and 
Ions

C H E M I C A L  C O N N E C T I O N S

1A Buckyball: A New Form of Carbon

ACCORDING TO  the simplest defnition, organic chemistry is the study of the compounds 
of carbon. As you study this text, you will realize that organic compounds are everywhere 
around us—in our foods, favors, and fragrances; in our medicines, toiletries, and cosmetics; 
in our plastics, flms, fbers, and resins; in our paints and varnishes; in our glues and adhe-
sives; and, of course, in our bodies and in all living things.

Perhaps the most remarkable feature of organic chemistry is that it is the chemistry of 
carbon and only a few other elements—chiefy hydrogen, oxygen, and nitrogen. Chemists 

1
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C H A P T E R  1  Covalent Bonding and Shapes of Molecules2

have discovered or made well over 10 million organic compounds. While the majority of them 
contain carbon and just those three elements, many also contain sulfur, phosphorus, and a 
halogen (fuorine, chlorine, bromine, or iodine).

Let us begin our study of organic chemistry with a review of how carbon, hydrogen, 
oxygen, and nitrogen combine by sharing electron pairs to form molecules.

1.1 How Do We Describe the Electronic Structure 
of Atoms?

You are already familiar with the fundamentals of the electronic structure of atoms from a 
previous study of chemistry. Briefy, an atom contains a small, dense nucleus made of neu-
trons and positively charged protons (Figure 1.1a).

Electrons do not move freely in the space around a nucleus, but rather are confned 
to regions of space called principal energy levels or, more simply, shells. We number these 
shells 1, 2, 3, and so forth from the inside out (Figure 1.1b). 

Shells are divided into subshells designated by the letters s, p, d, and f, and within 
these subshells, electrons are grouped in orbitals (Table 1.1). An orbital is a region of space 
that can hold 2 electrons. In this course, we focus on compounds of carbon with hydrogen, 
oxygen, and nitrogen, all of which use only electrons in s and p orbitals for covalent bond-
ing. Therefore, we are concerned primarily with s and p orbitals.

FIGURE 1.1
A schematic view of an atom. (a) Most of the mass of an atom is concentrated in its small, dense nucleus, which 
has a diameter of 10-14 to 10-15 meter (m). (b) Each shell can contain up to 2n2 electrons, where n is the number 
of the shell. Thus, the first shell can hold 2 electrons, the second 8 electrons, the third 18, the fourth 32, and so on. 
(Table 1.1).

Shell A region of space 
around a nucleus where 
electrons are found.

Orbital A region of space 
where an electron or pair of 
electrons spends 90 to 95% 
of its time.

the frst shell contains a single 
orbital called a 1s orbital. The 

second shell contains one 2s orbital 
and three 2p orbitals. All p orbitals 
come in sets of three and can hold 
up to 6 electrons. The third shell 
contains one 3s orbital, three 3p 
orbitals, and fve 3d orbitals. All 

d orbitals come in sets of fve and 
can hold up to 10 electrons. All f 
orbitals come in sets of seven and 

can hold up to 14 electrons

T a b l e  1 . 1  Distribution of Orbitals within Shells

Shell Orbitals Contained in Each Shell

Maximum Number  
of Electrons Shell  

Can Hold

Relative Energies  
of Electrons in  

Each Shell

4 One 4s, three 4p, five 4d, and seven 4f  
orbitals

2 + 6 + 10 + 14 = 32 Higher

3 One 3s, three 3p, and five 3d orbitals 2 + 6 + 10 = 18

2 One 2s and three 2p orbitals 2 + 6 = 8

1 One 1s orbital 2 Lower

e

Nucleus
(protons and
neutrons)

Space
occupied by
electrons

Proton

Neutron

10–15 m

10–10 m(a)

Fourth shell (32 electrons)Nucleus
Third shell (18 electrons)

Second shell (8 electrons)

First shell (2 electrons)

electrons in the first shell are nearest to the
positively charged nucleus and are held

most strongly by it; these electrons are said
to be the lowest in energy

(b)
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A. Electron Confguration of Atoms

The electron confguration of an atom is a description of the orbitals the electrons in the 
atom occupy. Every atom has an infnite number of possible electron confgurations. At this 
stage, we are concerned only with the ground-state electron confguration—the electron 
confguration of lowest energy. Table 1.2 shows ground-state electron confgurations for 
the frst 18 elements of the Periodic Table. We determine the ground-state electron con-
fguration of an atom with the use of the following three rules:

Rule 1. Orbitals fll in order of increasing energy from lowest to highest (Figure 1.2).
Rule 2. Each orbital can hold up to two electrons with their spins paired. Spin pairing means that 

each electron spins in a direction opposite that of its partner (Figure 1.3). We show this 
pairing by writing two arrows, one with its head up and the other with its head down.

Rule 3. When orbitals of equivalent energy are available, but there are not enough electrons to 
fll them completely, then we add one electron to each equivalent orbital before we add a second 
electron to any one of them.

Ground-state electron 
configuration The 
electron confguration of 
lowest energy for an atom, 
molecule, or ion.

T a b l e  1 . 2  Ground-State Electron Configurations for Elements 1–18*

H  1 1s1

He  2 1s2

Li  3 1s2s1 [He] 2s1

Be  4 1s22s2 [He] 2s2

B  5 1s22s22px
1 [He] 2s22px

1

C  6 1s22s22px
12py

1 [He] 2s22px
12py

1

N  7 1s22s22px
12py

12pz
1 [He] 2s22px

12py
12pz

1

O  8 1s22s22px
22py

12pz
1 [He] 2s22px

22py
12pz

1

F  9 1s22s22px
22py

22pz
1 [He] 2s22px

22py
22pz

1

Ne 10 1s22s22px
22py

22pz
2 [He] 2s22px

22py
22pz

2

Na 11 1s22s22px
22py

22pz
23s1 [Ne] 3s1

Mg 12 1s22s22px
22py

22pz
23s2 [Ne] 3s2

Al 13 1s22s22px
22py

22pz
23s23px

1 [Ne] 3s23px
1

Si 14 1s22s22px
22py

22pz
23s23px

13py
1 [Ne] 3s23px

13py
1

P 15 1s22s22px
22py

22pz
23s23px

13py
13pz

1 [Ne] 3s23px
13py

13pz
1

S 16 1s22s22px
22py

22pz
23s23px

23py
13pz

1 [Ne] 3s23px
23py

13pz
1

Cl 17 1s22s22px
22py

22pz
23s33px

23py
33pz

1 [Ne] 3s23px
23py

23pz
1

Ar 18 1s22s22px
22py

22pz
23s23px

23py
23pz

2 [Ne] 3s23px
23py

23pz
2

* Elements are listed by symbol, atomic number, ground-state electron configuration, and  
shorthand notation for the ground-state electron configuration, in that order.
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Rule 1. Orbitals in these 
elements fll in the order 

1s, 2s, 2p, 3s, and 3p.

Rule 2. Notice that 
each orbital contains a 

maximum of two electrons. 
In neon. there are six 

additional electrons after 
the 1s and 2s orbitals are 

flled. These are written as 
2px

22py
22pz

2. Alternatively, 
we can group the three 

flled 2p orbitals and write 
them in a condensed 

form as 2p6.

Rule 3. Because the px, py, 
and pz orbitals are equal 

in energy, we fll each with 
one electron before adding 
a second electron. That is, 
only after each 3p orbital 
contains one electron do 
we add a second electron 

to the 3px orbital.
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2s

2p

3

3s

3p

3d

1
Principal
energy level

1s
Orbitals

FiGurE 1.2
Relative energies and 
order of filling of orbitals 
through the 3d orbitals.

a spinning electron
generates a tiny
magnetic field

when their tiny magnetic
fields are aligned N-S, the
electron spins are paired

N

S

S

N

1

2

spin-paired electrons
are commonly
represented this way

∆

3

FiGurE 1.3
The pairing of 
electron spins.
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B. Lewis Structures

In discussing the physical and chemical properties of an element, chemists often focus on 
the outermost shell of its atoms, because electrons in this shell are the ones involved in 
the formation of chemical bonds and in chemical reactions. We call outer-shell electrons 
valence electrons, and we call the energy level in which they are found the valence shell. 
Carbon, for example, with a ground-state electron confguration of 1s 22s 22p 2, has four 
valence (outer-shell) electrons.

To show the outermost electrons of an atom, we commonly use a representation called 
a Lewis structure, after the American chemist Gilbert N. Lewis (1875–1946), who devised 
this notation. A Lewis structure shows the symbol of the element, surrounded by a number 
of dots equal to the number of electrons in the outer shell of an atom of that element. 
In Lewis structures, the atomic symbol represents the nucleus and all flled inner shells. 
Table 1.3 shows Lewis structures for the frst 18 elements of the Periodic Table. As you study 
the entries in the table, note that, with the exception of helium, the number of valence 
electrons of the element corresponds to the group number of the element in the Periodic 
Table; for example, oxygen, with six valence electrons, is in Group 6A.

At this point, we must say a word about the numbering of the columns (families or 
groups) in the Periodic Table. Dmitri Mendeleev gave them numerals and added the letter 
A for some columns and B for others. This pattern remains in common use in the United 

E x a m p l E  1.1

Write ground-state electron configurations for these ele-
ments:
(a) Lithium (b) Oxygen (c) Chlorine

S T R AT E G Y

Locate each atom in the Periodic Table and determine its atomic 
number. The order of filling of orbitals is 1s, 2s, 2px,  2py,  2pz , 
and so on.

S O L U T I O N

(a)  Lithium (atomic number 3): 1s22s1. Alternatively, we 
can write the ground-state electron configuration as 
[He] 2s1.

(b)  Oxygen (atomic number 8): 1s2
 2s2

 2px  

2
 2py  

1
 2pz 

1. 
Alternatively, we can group the four electrons of the 
2p orbitals together and write the ground-state electron 
configuration as 1s 22s 22p 4. We can also write it as [He] 
2s 22p4.

(c)  Chlorine (atomic number 17): 1s2
 2s2

 2p6
 3s 2

 3p5. 
Alternatively, we can write it as [Ne] 3s 23p 5.

See problems 1.17–1.20

p r o b l E m  1.1

Write and compare the ground-state electron configurations 
for the elements in each set. What can be said about the out-
ermost shell of orbitals for each pair of elements?

(a) Carbon and silicon
(b) Oxygen and sulfur
(c) Nitrogen and phosphorus

Valence electrons 
Electrons in the valence 
(outermost) shell of an 
atom.

Valence shell The 
outermost electron shell of 
an atom.

Lewis structure of an 
atom The symbol of an 
element surrounded by a 
number of dots equal to the 
number of electrons in the 
valence shell of the atom.

T a b l e  1 . 3  Lewis Structures for Elements 1–18 of the Periodic Table

1A 2A 3A 4A 5A 6A 7A 8A

HD HeC

LiD BeC BB C DCB C DNb C COb C CF
A
CD CNea C

NaD MgC AlB C DSiB C DPb C CSb C CCl
A
CD CAra C

helium and neon have 
flled valence shells

neon and argon have 
in common an electron 

confguration in which the 
s and p orbitals of their 
valence shells are flled 

with eight electrons
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States today. In 1985, however, the International Union of Pure and Applied Chemistry 
(IUPAC) recommended an alternative system in which the columns are numbered 1 to 18 
beginning on the left and without added letters. Although we use the original Mendeleev 
system in this text, the Periodic Table on the inside back cover of the text shows both.

Notice from Table 1.3 that, for C, N, O, and F in period 2 of the Periodic Table, the va-
lence electrons belong to the second shell. It requires 8 electrons to fll this shell. For Si, P, 
S, and Cl in period 3 of the Periodic Table, the valence electrons belong to the third shell. 
With 8 electrons, this shell is only partially flled: The 3s and 3p orbitals are fully occupied, 
but the fve 3d orbitals can accommodate an additional 10 valence electrons. Because of 
the differences in number and kind of valence shell orbitals available to elements of the 
second and third periods, signifcant differences exist in the covalent bonding of oxygen 
and sulfur and of nitrogen and phosphorus. For example, although oxygen and nitrogen 
can accommodate no more than 8 electrons in their valence shells, many phosphorus-
containing compounds have 10 electrons in the valence shell of phosphorus, and many 
sulfur-containing compounds have 10 and even 12 electrons in the valence shell of sulfur.

1.2 What Is the Lewis Model of Bonding?

A. Formation of Ions

In 1916, Lewis devised a beautifully simple model that uni-
fed many of the observations about chemical bonding and 
reactions of the elements. He pointed out that the chemical 
inertness of the noble gases (Group 8A) indicates a high 
degree of stability of the electron confgurations of these 
elements: helium with a valence shell of two electrons (1s2), 
neon with a valence shell of eight electrons (2s22p6), argon 
with a valence shell of eight electrons (3s 23p6), and so forth.

The tendency of atoms to react in ways that achieve 
an outer shell of eight valence electrons is particularly common among elements of 
Groups 1A–7A (the main-group elements). We give this tendency the special name, the 
octet rule. An atom with almost eight valence electrons tends to gain the needed elec-
trons to have eight electrons in its valence shell and an electron confguration like that 
of the noble gas nearest it in atomic number. In gaining electrons, the atom becomes a 
negatively charged ion called an anion. An atom with only one or two valence electrons 
tends to lose the number of electrons required to have the same electron confguration 
as the noble gas nearest it in atomic number. In losing one or more electrons, the atom 
becomes a positively charged ion called a cation.

1 . 2  What Is the Lewis Model of Bonding?

Noble
Gas

Noble Gas
Notation

He 1s 2

Ne [He] 2s2
 2p6

Ar [Ne] 3s 2
 3p6

Kr [Ar] 4s2
 4p63d 10

Xe [Kr] 5s2
 5p64d 10

U
PI

/™
C

or
bi

s

Gilbert N. Lewis (1875–1946) 
introduced the theory of the 
electron pair that extended 
our understanding of covalent 
bonding and of the concept 
of acids and bases. It is in his 
honor that we often refer to an 
“electron dot” structure as a 
Lewis structure. 

Octet rule The tendency 
among atoms of Group 
1A–7A elements to react 
in ways that achieve an 
outer shell of eight valence 
electrons.

Anion An atom or group 
of atoms bearing a negative 
charge.

Cation An atom or group 
of atoms bearing a positive 
charge.

E x a m p l E  1.2

Show how the loss of one electron from a sodium atom to 
form a sodium ion leads to a stable octet:

Na  ¡   Na+   +   e-

 A sodium  A sodium An 
 atom ion electron

S T R AT E G Y

To see how this chemical change leads to a stable octet, 
write the condensed ground-state electron configuration 
for a sodium atom and for a sodium ion, and then compare 
the two to that of neon, the noble gas nearest to sodium in 
atomic number.

S O L U T I O N

A sodium atom has one electron in its valence shell. The loss 
of this one valence electron changes the sodium atom to a 
sodium ion, Na+, which has a complete octet of electrons 
in its valence shell and the same electron configuration as 
neon, the noble gas nearest to it in atomic number.

 Na (11 electrons): 1s22s22p6 3s 1

 Na+  (10 electrons): 1s22s22p6

 Ne (10 electrons): 1s22s22p6

See problems 1.22, 1.23
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B. Formation of Chemical Bonds

According to the Lewis model of bonding, atoms interact with each other in such a way that 
each atom participating in a chemical bond acquires a valence-shell electron confguration 
the same as that of the noble gas closest to it in atomic number. Atoms acquire completed 
valence shells in two ways:

1. An atom may lose or gain enough electrons to acquire a flled valence shell. An atom 
that gains electrons becomes an anion, and an atom that loses electrons becomes a 
cation. A chemical bond between an anion and a cation is called an ionic bond.

Na Cl ¡+
+ -

Na Cl

sodium (atomic number 11) loses
an electron to acquire a filled

valence shell identical to that of
neon (atomic number 10)

chlorine (atomic number 17)
gains an electron to acquire a
filled valence shell identical to

that of argon (atomic number 18)

2. An atom may share electrons with one or more other atoms to acquire a flled valence 
shell. A chemical bond formed by sharing electrons is called a covalent bond.

Cl Cl¡+Cl Cl

each chlorine (atomic number 17)
shares an electron with another

chlorine atom to effectively
supply each chlorine with a filled

valence shell

We now ask how we can fnd out whether two atoms in a compound are joined by an 
ionic bond or a covalent bond. One way to answer this question is to consider the relative 
positions of the two atoms in the Periodic Table. Ionic bonds usually form between a metal 
and a nonmetal. An example of an ionic bond is that formed between the metal sodium 
and the nonmetal chlorine in the compound sodium chloride, Na+Cl-. By contrast, when 
two nonmetals or a metalloid and a nonmetal combine, the bond between them is usually 
covalent. Examples of compounds containing covalent bonds between nonmetals include 
Cl2, H2O, CH4, and NH3. Examples of compounds containing covalent bonds between a 
metalloid and a nonmetal include BF3, SiCl4, and AsH4.

Another way to identify the type of bond is to compare the electronegativities of the 
atoms involved, which is the subject of the next subsection.

Show how the gain of two electrons by a sulfur atom to form a sulfide ion leads to a stable octet:

S + 2e - ¡ S2 -

p r o b l E m  1.2

Ionic bond A chemical 
bond resulting from the 
electrostatic attraction of an 
anion and a cation.

Covalent bond A chemical 
bond resulting from the 
sharing of one or more pairs 
of electrons.

Electronegativity A 
measure of the force of 
an atom’s attraction for 
electrons it shares in a 
chemical bond with another 
atom.
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C. Electronegativity and Chemical Bonds

Electronegativity is a measure of the force of an atom’s attraction for electrons that it shares 
in a chemical bond with another atom. The most widely used scale of electronegativities 
(Table 1.4) was devised by Linus Pauling in the 1930s. On the Pauling scale, fuorine, the 
most electronegative element, is assigned an electronegativity of 4.0, and all other elements 
are assigned values in relation to fuorine.

As you study the electronegativity values in this table, note that they generally increase 
from left to right within a period of the Periodic Table and generally  increase from bottom 
to top within a group. Values increase from left to right because of the increasing positive 
charge on the nucleus, which leads to a stronger attraction for electrons in the valence 
shell. Values increase going up a column because of the decreasing distance of the valence 
electrons from the nucleus, which leads to stronger attraction between a nucleus and its 
valence electrons.

Note that the values given in Table 1.4 are only approximate. The electronegativity of 
a particular element depends not only on its position in the Periodic Table, but also on its 
oxidation state. The electronegativity of Cu(I) in Cu2O, for example, is 1.8, whereas the 
electronegativity of Cu(II) in CuO is 2.0. In spite of these variations, electronegativity is still 
a useful guide to the distribution of electrons in a chemical bond.

Linus Pauling (1901–1994) 
was the first person ever to 
receive two unshared Nobel 
Prizes. He received the 
Nobel Prize for Chemistry 
in 1954 for his contributions 
to the nature of chemical 
bonding. He received the 
Nobel Prize for Peace in 
1962 for his efforts on behalf 
of international control 
of nuclear weapons and 
against nuclear testing. 

T a b l e  1 . 4  Electronegativity Values for Some Atoms (Pauling Scale)

<1.0
1.0 – 1.4

1.5 – 1.9
2.0 – 2.4

2.5 – 2.9
3.0 – 4.0

1A

3B 4B 5B 6B 7B
8B

1B 2B

3A 4A 5A 6A 7A2A

Li
1.0

Na
0.9

K
0.8

Rb
0.8

Cs
0.7

Mg
1.2

Ca
1.0

Sr
1.0

Ba
0.9

Sc
1.3

Y
1.2

La
1.1

Ti
1.5

Zr
1.4

Hf
1.3

V
1.6

Nb
1.6

Ta
1.5

Cr
1.6

Mo
1.8

W
1.7

Mn
1.5

Tc
1.9

Re
1.9

Fe
1.8

Ru
2.2

Os
2.2

Co
1.8

Rh
2.2

Ir
2.2

Ni
1.8

Pd
2.2

Pt
2.2

Cu
1.9

Ag
1.9

Au
2.4

Zn
1.6

Cd
1.7

Hg
1.9

B
2.0

Al
1.5

Ga
1.6

In
1.7

Tl
1.8

C
2.5

Si
1.8

Ge
1.8

Sn
1.8

Pb
1.8

N
3.0

P
2.1

As
2.0

Sb
1.9

Bi
1.9

O
3.5

S
2.5

Se
2.4

Te
2.1

Po
2.0

F
4.0

Cl
3.0

Br
2.8

I
2.5

At
2.2

Be
1.5

H
2.1

Partial Periodic Table showing commonly 
encountered elements in organic chemistry. 
Electronegativity generally increases from left to 
right within a period and from bottom to top within 
a group. Hydrogen is less electronegative than the 
elements in red and more electronegative than 
those in blue. Hydrogen and phosphorus have the 
same electronegativity on the Pauling scale.

Ionic Bonds
An ionic bond forms by the transfer of electrons from the valence shell of an atom of  
lower electronegativity to the valence shell of an atom of higher electronegativity. The more  
electronegative atom gains one or more valence electrons and becomes an anion; the less 
electronegative atom loses one or more valence electrons and becomes a cation.
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As a guideline, we say that this type of electron transfer to form an ionic compound 
is most likely to occur if the difference in electronegativity between two atoms is approxi-
mately 1.9 or greater. A bond is more likely to be covalent if this difference is less than 
1.9. Note that the value 1.9 is somewhat arbitrary: Some chemists prefer a slightly larger 
value, others a slightly smaller value. The essential point is that the value 1.9 gives us a 
guidepost against which to decide whether a bond is more likely to be ionic or more likely 
to be covalent.

An example of an ionic bond is that formed between sodium (electronegativity 0.9) 
and fuorine (electronegativity 4.0). The difference in electronegativity between these two 
elements is 3.1. In forming Na+F -, the single 3s valence electron of sodium is transferred 
to the partially flled valence shell of fuorine:

Na(1s 2  2s 2  2p 6  3s1 ) + F(1s 2  2s 2  2p5 ) ¡ Na+(1s2
 2s2

 2p6) + F-(1s2
 2s2

 2p6 )

As a result of this transfer of one electron, both sodium and fuorine form ions that have 
the same electron confguration as neon, the noble gas closest to each in atomic number. 
In the following equation, we use a single-headed curved arrow to show the transfer of one 
electron from sodium to fuorine:

Na + F ¡ Na+ F -

Covalent Bonds
A covalent bond forms when electron pairs are shared between two atoms whose difference 
in electronegativity is 1.9 or less. According to the Lewis model, an electron pair in a cova-
lent bond functions in two ways simultaneously: It is shared by two atoms, and, at the same 
time, it flls the valence shell of each atom.

The simplest example of a covalent bond is that in a hydrogen molecule, H2. When 
two hydrogen atoms bond, the single electrons from each atom combine to form an elec-
tron pair with the release of energy. A bond formed by sharing a pair of electrons is called 
a single bond and is represented by a single line between the two atoms. The electron pair 
shared between the two hydrogen atoms in H 2 completes the valence shell of each hydro-
gen. Thus, in H 2 , each hydrogen has two electrons in its valence shell and an electron 
confguration like that of helium, the noble gas nearest to it in atomic number:

HD + DH ¡ HiH   H 0 = -435 kJ>mol (-104 kcal>mol)

E x a m p l E  1.3

Judging from their relative positions in the Periodic Table, 
which element in each pair has the larger electronegativity?

(a) Lithium or carbon   (b) Nitrogen or oxygen
(c) Carbon or oxygen

S T R AT E G Y

Determine whether the pair resides in the same period (row) 
or group (column) of the Periodic Table. For those in the 
same period, electronegativity increases from left to right. 
For those in the same group, electronegativity increases 
from bottom to top.

S O L U T I O N

The elements in these pairs are all in the second period of 
the Periodic Table. Electronegativity in this period increases 
from left to right.

(a) C 7 Li (b) O 7 N (c) O 7 C

Judging from their relative positions in the Periodic Table, 
which element in each pair has the larger electronegativity?

(a) Lithium or potassium   
(b) Nitrogen or phosphorus   
(c) Carbon or silicon

p r o b l E m  1.3

See problem 1.24
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Nonpolar covalent bond 
A covalent bond between 
atoms whose difference in 
electronegativity is less than 
approximately 0.5.

Polar covalent bond 
A covalent bond between 
atoms whose difference in 
electronegativity is between 
approximately 0.5 and 1.9.

The Lewis model accounts for the stability of covalently bonded atoms in the follow-
ing way: In forming a covalent bond, an electron pair occupies the region between two 
nuclei and serves to shield one positively charged nucleus from the repulsive force of the 
other positively charged nucleus. At the same time, an electron pair attracts both nuclei. 
In other words, an electron pair in the space between two nuclei bonds them together and 
fxes the internuclear distance to within very narrow limits. The distance between nuclei 
participating in a chemical bond is called a bond length. Every covalent bond has a defnite 
bond length. In HiH, it is 74 pm, where 1 pm = 10 -12 m.

Although all covalent bonds involve the sharing of electrons, they differ widely in 
the degree of sharing. We classify covalent bonds into two categories—nonpolar cova-
lent and polar covalent––depending on the difference in electronegativity between the 
bonded atoms. In a nonpolar covalent bond, electrons are shared equally. In a polar 
covalent bond, they are shared unequally. It is important to realize that no sharp line 
divides these two categories, nor, for that matter, does a sharp line divide polar covalent 
bonds and ionic bonds. Nonetheless, the rule-of-thumb guidelines in Table 1.5 will help 
you decide whether a given bond is more likely to be nonpolar covalent, polar covalent, 
or ionic.

A covalent bond between carbon and hydrogen, for example, is classifed as non-
polar covalent because the difference in electronegativity between these two atoms is 
2.5 - 2.1 = 0.4 unit. An example of a polar covalent bond is that of HiCl. The differ-
ence in electronegativity between chlorine and hydrogen is 3.0 - 2.1 = 0.9 unit.

T a b l e  1 . 5  Classification of Chemical Bonds

Difference in Electronegativity 
between Bonded Atoms Type of Bond Most Likely Formed Between

Less than 0.5 Nonpolar covalent Two nonmetals or a nonmetal 
and a metalloid0.5 to 1.9 Polar covalent

Greater than 1.9 Ionic A metal and a nonmetal

f

E x a m p l E  1.4

Classify each bond as nonpolar covalent, polar covalent, or 
ionic:
(a) OiH
(b) NiH
(c) NaiF
(d) CiMg

S t r at e g y

Use the difference in electronegativity between the two 
atoms and compare this value with the range of values 
given in Table 1.5.

S o l u t i o N

On the basis of differences in electronegativity between the 
bonded atoms, three of these bonds are polar covalent and 
one is ionic:

Bond
Difference in  
Electronegativity Type of Bond

(a) OiH 3.5 - 2.1 = 1.4 polar covalent

(b) NiH 3.0 - 2.1 = 0.9 polar covalent

(c) NaiF 4.0 - 0.9 = 3.1 ionic

(d) CiMg 2.5 - 1.2 = 1.3 polar covalent

Classify each bond as nonpolar covalent, polar covalent, or ionic:
(a) SiH   (b) PiH   (c) CiF   (d) CiCl

p r o b l E m  1.4

See problem 1.25




