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Note in the representations of methanol and methyllithium in Figure 2.3 
that a crossed arrow  is used to indicate the direction of bond polarity. By 
convention, electrons are displaced in the direction of the arrow. The tail of the 
arrow (which looks like a plus sign) is electron-poor ( !!), and the head of the 
arrow is electron-rich ( !").

Note also in Figure 2.3 that calculated charge distributions in molecules can 
be displayed visually with what are called electrostatic potential maps, which use 
color to indicate electron-rich (red; !") and electron-poor (blue; !!) regions. In 
methanol, oxygen carries a partial negative charge and is colored red, while the 
carbon and hydrogen atoms carry partial positive charges and are colored blue-
green. In methyllithium, lithium carries a partial positive charge (blue), while 
carbon and the hydrogen atoms carry partial negative charges (red). Electro-
static potential maps are useful because they show at a glance the electron-rich 
and electron-poor atoms in molecules. WeÕll make frequent use of these maps 
throughout the text and will see many examples of how electronic structure 
correlates with chemical reactivity.

When speaking of an atomÕs ability to polarize a bond, we often use the term 
inductive effect. An inductive effect is simply the shifting of electrons in a " bond 
in response to the electronegativity of nearby atoms. Metals, such as lithium and 
magnesium, inductively donate electrons, whereas reactive nonmetals, such as 
oxygen and nitrogen, inductively withdraw electrons. Inductive effects play a 
major role in understanding chemical reactivity, and weÕll use them many times 
throughout this text to explain a variety of chemical observations.

Problem 2.1
Which element in each of the following pairs is more electronegative?
(a) Li or H (b) B or Br (c) Cl or I (d) C or H

Problem 2.2
Use the !!/!" convention to indicate the direction of expected polarity for each of the 
bonds indicated.
(a) H3CÐCl (b) H3CÐNH2 (c) H2NÐH
(d) H3CÐSH (e) H3CÐMgBr (f)  H3CÐF

Figure ! ."  (a) Methanol, CH3OH, 
has a polar covalent C # O bond, and 
(b) methyllithium, CH3Li, has a polar 
covalent C # Li bond. The computer-
generated representations, called 
electrostatic potential maps, use color 
to show calculated charge distributions, 
ranging from red (electron-rich; !!) 
to blue (electron-poor; !").
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Problem ! ."
Use the electronegativity values shown in Figure 2.2 to rank the following bonds from 
least polar to most polar: H3C–Li, H3C–K, H3C–F, H3C–MgBr, H3C–OH

Problem ! .#
Look at the following electrostatic potential map of chloromethane, and tell the direction 
of polarization of the C ! Cl bond:

H
H

Cl

HCChloromethane

2.2  Polar Covalent Bonds: Dipole Moments
Just as individual bonds are often polar, molecules as a whole are often polar 
also. Molecular polarity results from the vector summation of all individual 
bond polarities and lone-pair contributions in the molecule. As a practical mat-
ter, strongly polar substances are often soluble in polar solvents like water, 
whereas less polar substances are insoluble in water.

Net molecular polarity is measured by a quantity called the dipole moment 
and can be thought of in the following way: assume that there is a center of 
mass of all positive charges (nuclei) in a molecule and a center of mass of all 
negative charges (electrons). If these two centers don’t coincide, then the mole-
cule has a net polarity.

The dipole moment, ! (Greek mu), is de! ned as the magnitude of the 
charge Q at either end of the molecular dipole times the distance r between the 
charges, ! " Q # r. Dipole moments are expressed in debyes (D), where 1 D " 
3.336 # 10!30 coulomb meter (C · m) in SI units. For example, the unit charge 
on an electron is 1.60 # 10!19 C. Thus, if one positive charge and one negative 
charge are separated by 100 pm (a bit less than the length of a typical covalent 
bond), the dipole moment is 1.60 # 10!29 C · m, or 4.80 D.
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Dipole moments for some common substances are given in Table 2.1. Of 
the compounds shown in the table, sodium chloride has the largest dipole 
moment (9.00 D) because it is ionic. Even small molecules like water (! " 
1.85 D), methanol (CH3OH; ! " 1.70 D), and ammonia (! " 1.47 D), have 
substantial dipole moments, however, both because they contain strongly 
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 Predicting the Direction of a Dipole Moment
Worked Example
2.1

Make a three-dimensional drawing of methylamine, CH! NH" , a substance responsible for 
the odor of rotting Þsh, and show the direction of its dipole moment (!  !  #.!#).

Strategy
Look for any lone-pair electrons, and identify any atom with an electronegativity sub-
stantially di$erent from that of carbon. (Usually, this means O, N, F, Cl, or Br.) Electron 
density will be displaced in the general direction of the electronegative atoms and the 
lone pairs.

Solution
Methylamine contains an electronegative nitrogen atom with a lone-pair electrons. The 
dipole moment thus points generally from  "  CH!  toward the lone pair.

H
H

N

HC

Methylamine
(!  = 1.31)

H
H

Problem ! ."
Ethylene glycol, HOCH"CH"OH, has zero dipole moment even though carbonÐoxygen 
bonds are strongly polar and oxygen has two lone-pairs of electrons. Explain.

Problem ! .#
Make three-dimensional drawings of the following molecules, and predict whether each 
has a dipole moment. If you expect a dipole moment, show its direction.
(a) H"C P CH"  (b) CHCl!  (c) CH"Cl"  (d) H"C P CCl"

2.3  Formal Charges
Closely related to the ideas of bond polarity and dipole moment is the con-
cept of assigning formal charges to specific atoms within a molecule, particu-
larly atoms that have an apparently “abnormal” number of bonds. Look at 
dimethyl sulfoxide (CH3SOCH3), for instance, a solvent commonly used for 
preserving biological cell lines at low temperature. The sulfur atom in 
dimethyl sulfoxide has three bonds rather than the usual two and has a for-
mal positive charge. The oxygen atom, by contrast, has one bond rather 
than the usual two and has a formal negative charge. Note that an electro-
static potential map of dimethyl sulfoxide shows the oxygen as negative 
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Problem 2.7
Calculate formal charges for the nonhydrogen atoms in the following molecules:

Diazomethane,(a)

H3CMethyl isocyanide,(c) N C

C NAcetonitrile oxide,(b)H2C N N H3C O

Problem 2.8
Organic phosphate groups occur commonly in biological molecules. Calculate formal 
charges on the four O atoms in the methyl phosphate dianion.

Methyl phosphate ion

H

H C

H 2–

PO O

O

O

2.4  Resonance
Most substances can be represented unambiguously by the Kekulé line-bond 
structures we’ve been using up to this point, but an interesting problem some-
times arises. Look at the acetate ion, for instance. When we draw a line-bond 
structure for acetate, we need to show a double bond to one oxygen and a single 
bond to the other. But which oxygen is which? Should we draw a double bond 
to the “top” oxygen and a single bond to the “bottom” oxygen, or vice versa?
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Double bond to this oxygen?

Acetate ion Or to this oxygen?
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Although the two oxygen atoms in the acetate ion appear different in line-
bond structures, experiments show that they are equivalent. Both carbon– 
oxygen bonds, for example, are 127 pm in length, midway between the length 
of a typical C ! O single bond (135 pm) and a typical C"O double bond 
(120 pm). In other words, neither of the two structures for acetate is correct by 
itself. The true structure is intermediate between the two, and an electrostatic 
potential map shows that both oxygen atoms share the negative charge and 
have equal electron densities (red).
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Acetate ionÑtwo resonance forms

      Copyright 2010 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 

Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

48 CHAPTER 2 | Polar Covalent  Bonds; Acids and Bases

In the second resonance form, the unpaired electron is next to another double bond,  
giving another three-atom grouping and leading to another resonance form.

Three-atom grouping
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Thus, the three resonance forms for the pentadienyl radical are:
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Problem ! ."
Which of the following pairs of structures represent resonance forms, and which do not? 
Explain.

H

+

+

and

C
H

C

H H(a)

and

(b)

C
C

H
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H2C

CH3 CH2CH3

CH3
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CH3 CH2CH3

CH2

Problem ! .#$
Draw the indicated number of resonance forms for each of the following species:
(a) The methyl phosphate anion, CH! OPO!

" !  (! )
(b) The nitrate anion, NO!

!  (! )
(c) The allyl cation, H"CP CHO CH"

"  (" )
(d) The benzoate anion (#)

CO2
–

2.7  Acids and Bases: The Brønsted–Lowry 
De! nition

Perhaps the most important of all concepts related to electronegativity and 
polarity is that of acidity and basicity. WeÕll soon see, in fact, that the acidÐbase 
behavior of organic molecules explains much of their chemistry. You may recall 
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  Exercises 67 

!  Problems linked to Key Ideas in this chapter

Additional Problems

Electronegativity and Dipole Moments
2.24 Identify the most electronegative element in each of the following molecules:

(a) CH2FCl (b)  FCH2CH2CH2Br
(c) HOCH 2CH2NH 2 (d)  CH3OCH 2Li

2.25 Use the electronegativity table given in Figure 2.2 on page 35 to predict which 
bond in each of the following pairs is more polar, and indicate the direction 
of bond polarity for each compound.
(a) H3C !  Cl or Cl  !  Cl  (b)  H3C !  H or H  !  Cl
(c) HO !  CH3 or (CH 3)3Si !  CH3 (d)  H3C !  Li or Li  !  OH

2.26 Which of the following molecules has a dipole moment? Indicate the expected 
direction of each.

OH(a) (b) (c) (d)OH

OH

OHHO OH

HO

2.27 (a)  The H !  Cl bond length is 136 pm. What would the dipole moment of HCl 
be if the molecule were 100% ionic, H !  Cl " ?

(b)   The actual dipole moment of HCl is 1.08 D. What is the percent ionic 
character of the H  !  Cl bond?

2.28 Phosgene, Cl2C" O, has a smaller dipole moment than formaldehyde, H 2C" O, 
even though it contains electronegative chlorine atoms in place of hydrogen. 
Explain.

2.29 Fluoromethane (CH 3F, ! "  1.81 D) has a smaller dipole moment than chloro-
methane (CH 3Cl, ! "  1.87 D) even though fluorine is more electronegative 
than chlorine. Explain.

2.30 Methanethiol, CH 3SH, has a substantial dipole moment ( ! "  1.52) even 
though carbon and sulfur have identical electronegativities. Explain.

Formal Charges
2.31 Calculate the formal charges on the atoms shown in red.

N

N N(CH3)2OBF3

(e)

(b)

CH3

P

H2C

CH3

N N(c) H2C

OO(d)

(a)

(f)O

O

H2C

CH3
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!  Problems linked to Key Ideas in this chapter

Additional Problems

Electronegativity and Dipole Moments
2.24 Identify the most electronegative element in each of the following molecules:

(a) CH2FCl (b)  FCH2CH2CH2Br
(c)  HOCH2CH2NH2 (d)  CH3OCH2Li

2.25 Use the electronegativity table given in Figure 2.2 on page 35 to predict which 
bond in each of the following pairs is more polar, and indicate the direction 
of bond polarity for each compound.
(a) H3C ! Cl or Cl ! Cl (b)  H3C ! H or H ! Cl
(c)  HO ! CH3 or (CH3)3Si ! CH3 (d)  H3C ! Li or Li ! OH

2.26 Which of the following molecules has a dipole moment? Indicate the expected 
direction of each.

OH(a) (b) (c) (d)OH

OH

OHHO OH

HO

2.27 (a)  The H ! Cl bond length is 136 pm. What would the dipole moment of HCl 
be if the molecule were 100% ionic, H! Cl"?

(b)   The actual dipole moment of HCl is 1.08 D. What is the percent ionic 
character of the H ! Cl bond?

2.28 Phosgene, Cl2C"O, has a smaller dipole moment than formaldehyde, H2C"O, 
even though it contains electronegative chlorine atoms in place of hydrogen. 
Explain.

2.29 Fluoromethane (CH3F, ! " 1.81 D) has a smaller dipole moment than chloro-
methane (CH3Cl, ! " 1.87 D) even though fluorine is more electronegative 
than chlorine. Explain.

2.30 Methanethiol, CH3SH, has a substantial dipole moment (! " 1.52) even 
though carbon and sulfur have identical electronegativities. Explain.

Formal Charges
2.31 Calculate the formal charges on the atoms shown in red.
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!  Problems linked to Key Ideas in this chapter

Additional Problems

Electronegativity and Dipole Moments
2.24 Identify the most electronegative element in each of the following molecules:

(a) CH2FCl (b)  FCH2CH2CH2Br
(c) HOCH 2CH2NH 2 (d)  CH3OCH 2Li

2.25 Use the electronegativity table given in Figure 2.2 on page 35 to predict which 
bond in each of the following pairs is more polar, and indicate the direction 
of bond polarity for each compound.
(a) H3C ! Cl or Cl  ! Cl  (b)  H3C ! H or H  ! Cl
(c) HO ! CH3 or (CH 3)3Si ! CH3 (d)  H3C ! Li or Li  ! OH

2.26 Which of the following molecules has a dipole moment? Indicate the expected 
direction of each.

OH(a) (b) (c) (d)OH

OH

OHHO OH

HO

2.27 (a)  The H ! Cl bond length is 136 pm. What would the dipole moment of HCl 
be if the molecule were 100% ionic, H !  Cl " ?

(b)   The actual dipole moment of HCl is 1.08 D. What is the percent ionic 
character of the H  ! Cl bond?

2.28 Phosgene, Cl2C"O, has a smaller dipole moment than formaldehyde, H 2C"O, 
even though it contains electronegative chlorine atoms in place of hydrogen. 
Explain.

2.29 Fluoromethane (CH 3F, !  " 1.81 D) has a smaller dipole moment than chloro-
methane (CH 3Cl, !  " 1.87 D) even though ! uorine is more electronegative 
than chlorine. Explain.

2.30 Methanethiol, CH 3SH, has a substantial dipole moment ( !  " 1.52) even 
though carbon and sulfur have identical electronegativities. Explain.

Formal Charges
2.31 Calculate the formal charges on the atoms shown in red.
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!  Problems linked to Key Ideas in this chapter

2.32 Assign formal charges to the atoms in each of the following molecules:

(a) (b) (c)N N N

CH3

CH3

NH3C

H3C H3C

O

N N N

Resonance
2.33 Which of the following pairs of structures represent resonance forms?

and

and

(a) (b)

and and

(c) (d)
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2.34 !  Draw as many resonance structures as you can for the following species:

(b) (c)

(e)

CH2
Ð

Ð
+

+

(a)

H3C

H

H

H

CH2 CH3(d) H3C

NH2

CH2N NH2

CH CH CH CHH2C

C

O

S
+

2.35 1,3-Cyclobutadiene is a rectangular molecule with two shorter double bonds 
and two longer single bonds. Why do the following structures not represent 
resonance forms?

Acids and Bases
2.36 Alcohols can act either as weak acids or as weak bases, just as water can. Show 

the reaction of methanol, CH 3OH, with a strong acid such as HCl and with a 
strong base such as Na!  " NH 2.

2.37 !  The O !  H hydrogen in acetic acid is more acidic than any of the C  ] H hydro-
gens. Explain this result using resonance structures.

Acetic acidH
OC

C

H H

H

O
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