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Chapter 2 - Polar Covalent Bonds; Acids and Bases

Chapter Outline

I. Polar covalent bonds (Sections 2.1-2.3).
A. Electronegativity (Section 2.1).

1. Although some bonds are totally ionic and some are totally covalent,
bonds are polar covalent bonds.

a. In these bonds, electrons are attracted to one atom more tha
2. Bond polarity is due to differences in electronegativity (EN).

a. Elements on the right side of the periodic table are more elect
elements on the left side.

b. Carbon has an EN of 2.5.
c. Elements with EN > 2.5 are more electrone
d. Elements with EN < 2.5 are less electronega

3. The difference in EN between two elementssea i rity of a
bond.

If AEN < 0.4, a bond is nonpola
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1. The tail of the i e head of the arrow is electron-
rich

is measured in debyes (D).
used to measure charge separation.

have large values of D; methane and ethane have D = 0.
(Section 2.3).

rge (FC) indicates electron “ownership” in a molecule.

of Valence} 3 ‘: # of bonding electr()ns:| 3 |:# nonbonding}
2

electrons electrons

e (Sections 2.4-2.6).
emical structures and resonance (Section 2.4).

1. Some molecules (acetate ion, for example) can be drawn as two (or more) different
electron-dot structures.

a. These structures are called resonance structures.
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22 Chapter 2

b. The true structure of the molecule is intermediate between the resonance
structures.

c. The true structure is called a resonance hybrid.
2. Resonance structures differ only in the placement of 7 and nonbonding electron
a. All atoms occupy the same positions.
3. Resonance is an important concept in organic chemistry.
B. Rules for resonance forms (Section 2.5).
1. Individual resonance forms are imaginary, not real.
2. Resonance forms differ only in the placement of their 7 or nonbondin
a. A curved arrow is used to indicate the movement of electrons, not atoms.
3. Different resonance forms of a molecule don’t have to b i

a. Ifresonance forms are nonequivalent, the structur
resembles the more stable resonance form(s).

4. Resonance forms must obey normal rules of valg
5. The resonance hybrid is more stable than an

1. Any three-atom grouping with a multi
two resonance forms.

2. One atom in the grouping has a acant orbital or a single
electron.

3. By recognizing these three-at ¢ an be generated.
III. Acids and bases (Sections 2.7

ng acid has a small pKa, and a weak acid has a large pKa.

onjugate base of a strong acid is a weak base, and the conjugate base of a
weak acid is a strong base.

1cting acid—base reactions from pKa (Section 2.9).

a. An acid with a low pKa (stronger acid) reacts with the conjugate base of an acid

with a high pKa (stronger base).
b. In other words, the products of an acid—base reaction are more stable than the
reactants.
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6. Organic acids and organic bases (Section 2.10).
a. There are two main types of organic acids:
i. Acids that contain hydrogen bonded to oxygen.
ii. Acids that have hydrogen bonded to the carbon next toa C=0 g
b. The main type of organic base contains a nitrogen atom with a lo
C. Lewis acids and bases (Section 2.11).
1. A Lewis acid accepts an electron pair.
a. A Lewis acid may have either a vacant low-energy orbital o
hydrogen.
b. Examples include metal cations, halogen acids, group 3 compoun
transition-metal compounds.
2. A Lewis base has a pair of nonbonding electro

A. Dipole—dipole interactions occur
interactions among dipoles.
1. These interactions may
2. The attractive geom:
B. Dispersion forces result fr : yclectron distribution within
molecules.
1.

es don’t form hydrogen bonds and usually don’t dissolve in
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Solutions to Problems

2.1 After solving this problem, use Figure 2.2 to check your answers. The larger the number,

the more electronegative the element.

More electronegative Less electronegative
(@) H (2.1) Li (1.0)
(b) Br (2.8) B (2.0)
(c) Cl (3.0) I (25
(d)C (2.5 H Q.1

Carbon is slightly more electronegative than hydrogen.

2.2 Asin Problem 2.1, use Figure 2.2. The partial negative char
electronegative atom, and the partial positive charge is place

atom.
(@) (b)
0+ oO— o+ oO—
HyC—Cl H3C—NH>»
(d) e a

HaC —SH
Carbon and sulfur have
identical electronegativies.

o— O+
HyC — MgBr

2.3 Use Figure 2.2 to find t
answers in order of in

Carbon: EN=2.5 Fluorine:
Lithium; EN=0.8 Carbon:

<H3C — M¢Br <H3C —Li, Hs:C —F <H3C —K

EN =

the largest AEN. Thus, in order of increasing bond polarity:

ent. Calculate AEN and rank the

4.0
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2.4 In an electrostatic potential map, the color red indicates regions of a molecule that are
electron-rich. The map shows that chlorine is the most electronegative atom in
chloromethane, and the direction of polarity of the C—Cl bond is:

o
i
l l Chloromethane

H‘}g““H
H +

25

Ethylene glycol

carbon—oxygen bonds cancel.

2.6 For each bond, identify the
from the less electronegati
sum of the individual dipol
molecule.

(@)

0 dipole
moment

T net dipole

moment

Cl i S e
. ‘ g net dipole \"ﬁ 5 i net dipole
--C ‘)\\\ moment moment
N~

tIMal charge of an atom in a molecule, follow these two steps:

aw an electron-dot structure of the molecule.

(1

se the formula in Section 2.3 (shown below) to determine formal charge for each
atom. The periodic table shows the number of valence electrons of the element, and
the electron-dot structure shows the number of bonding and nonbonding electrons.

#of Valence:| |:# of bonding electrons:l |:# nonbonding :|
2

Formal charge (FC) = [

electrons electrons


https://testbanks.ac/product/9781305080485-SOLUTIONS-5/

[CLI CK HERE TO ACCESS THE COVPLETE Sol uti ong

26 Chapter 2

(a)
. Hoa 2
H,C=N=N: = H:iC:iN::N:
For carbon: FC = 4 - % -0 =
For nitrogen 1: FC = 5-— % -0 =
For nitrogen 2: FC = 5- % as B =

electrons are those electrons in lone pairs.

(b)

1

H
HBC—CEN—Q:z H:_Q: :::N:Q:
H

2

For carbon 1: FC =
For carbon 2: FC =
For nitrogen : FC =

For oxygen: FC =

(©)
‘e 2
HeC—N=C: = H:C:IN:::iC:
H
For carbon |: FC = 4 - % -0=0
For carbon 2: FC = 4 - —g— =2 =l
For nitrogen : FC = 5- % -0 = +1
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2.8
S o #(}f\ialenceJ [#ofbonding eIectmns] [# nonbonding]
Formal charge (FC) = [ electrons |~ 3 - electrons
2 2
1 4°0 s
H—EI? —O —Fl’ —lé: Methyl phosphate ’
H @]
4
Foroxygen I: FC = 6-— -4 =0
Foroxygen2: FC = 6- -4 =20

6 —

For oxygen 3 : FC

6—

For oxygen4: FC

l\)‘l\) l\)ll\) l\)‘-l‘—*» l\)l-h»

Oxygen atoms 3 and 4 each have a fi and oxygen |atorns 1 and 2 have a

formal charge of 0.

2.9 Try to locate the three-ato in resonance forms.

(a) e three-atom grouping (C—C

ital) 1S pictured on the right.

~ S EF

C
[
C

of each grouping.
psphate anion has 3 three-atom groupings and thus has 3 resonance forms.

,\1 :cl): :C1J:

"--._--._ .H. .. P‘::ll .H. i P -.._

R CHy0 ™V 2 CHz0” \ @
\ :Q:J e _:Q: - HOK

Recall from Chapter 1 that phosphorus, a third-row element, can form more than four
covalent bonds
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(b)
0 T\ 3 3
;T
/Nf\.. ) — .
E 0 O e
A J
(©)
+
H),C=CH—CH,  ——
(d)
0. :5_
Il |
- 3

2.11 When an acid loses a proton, the product is t of the acid. When a base

gains a proton, the product is the conjmaci
H—NO3 + :NH3 =—= NOj + NH,"

Acid Base Conjugate Conjugate
base acid

2.12 Recall from Section 2.8
larger pKa. Accordingly, p
(pKa = 2.83).

smaller pKa and a weaker acid has a
3) is a stronger acid than tryptophan

213 HO-H is
conjugate

ce HoN" is a stronger base than HO™, the
weaker acid than the conjugate acid of HO™ (HO-H).

2.14 Table 2.
er acid 1

of each acid. A reaction takes place as written if the

?

H—CN + CH3CO, Na* —— Na" "CN + CHyCO.H
pKu =-0.3 pKu =47
Weaker acid Stronger acid

that the lower the pKa, the stronger the acid. Thus CH3CO:2H, not HCN, is the
stronger acid, and the above reaction will not take place to a significant extent in them
direction written.
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(b) )
CH3CH,O—H + Na* "CN ——= CH3CH,O Na® + HCN

pK, =16 pi; =93
Weaker acid Stronger acid

Using the same reasoning as in part (a), we can see that the above reacti to

a significant extent.

2.15
9] O
Il [l
- o . ? P

HsC” ~CHz + Na* "INH, ——> HaC CHp:— Na* + :NHj

pK.=19 pK, =36
Stronger acid Weaker acid

mplethe large

nction to arrive at the answer

As written, the above reaction will take
difference in pKa values.

2.16 Enter —9.31 into a calculator an
K.=49x 10710,

curved arrow from the electron
he atom at the tail of the arrow
(Lewis acid).(Note: electron dots have

2.17 Locate the electron palr(s) 0
pair to the Lewis aci
(Lewis base) to t
been omitted fi

H

|
CHaCH,OH + H f’& === CHaCH,OH + CI

H
N

N(CHg), + HLCl === HN(CHy), + cI

+
cH3 + H—I == H—P(CHg)3 + CI
YR "
HO: + *CH, == HO—CHy4
2N

HOT + B(CHg)3 =—= HO—B(CHg)s

)8

—

HQT + MgBr, =<—= HO—MgBr,
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218 (a) The nitrogen on the left is more electron-rich and more basic. The indicated hydrogen
is most electron-poor (bluest) and is most acidic.

more basic (red)
T N
/I|\ N H Imidazole
N
H <«=—— most acidic (blue)
(b)
Ho+
N
A Jloma =+ L
H N N+
H H
N ]
bﬁH l \ " )\ \ "
. - 3 ~ \
H N H N H
[ATA:

several -OH groups 5% 4 oH

Vitamin A * = polar group Vitamin C

hilic) because it has several polar —OH groups that can
. Vitamin A is fat-soluble (hydrophobic) because most of
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221
HO 0

[buprofen

2.22 Electrostatic potential maps show that the electron-rich regions of't
same side of the double bond, leading to a net dipole moment. Becaus
regions of the trans isomer are symmetrical about the double bond, the in
dipole moments cancel, and the isomer has no overall dipAole moment.

net dipole moment zero dipole moment
Cl H
o, 1 o N
C=C C=C
/ \ pi \)\\
H H H cl
cis-1,2-Dichloroethylene rans-1.2-Dichloroethylene
2.23 (a)
N
.|
I-\I-
/
H

Adenine Cytosine

M echani

Y
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(b)
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2.26
* NAAYNA
NN, T N Yy
(b) ° - . [
= \/ﬁ\
g %
(©)

Problems
ivity and Dipole Moments

e Figure 2.2 if you need help. The most electronegative element is starred.

* * % *
(a) CHFC1 (b) FCH2CH2CH2Br (c) HOCH2CH2NH2 (d) CHsOCH:Li
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2.29 More polar

Less polar
HyC —Cl Cl—Cl
(a) : .
O+ 0—
H—CI HAC —H
b ._ a3t :
O+ 0— 0— O+
- e
(cy HO—CHs (CHg)3Si ——CHg
o— o0+ O+ O—
) Li—OH HaC —Li
O+ 0— O— 0+
230 (a) (b) - ‘
CH OH J‘r no dipole
/

moment

) /O/OH
HO

electron separated by 100
m, = 6.53 D.

—Cl bond has (1.08 D/ 6.53 D) x

2.31 (a) In Section 2.2, we found that
pm, u =4.80 D. If the two cha

(b) Since the observed

100 % =16.5 % i

2.32 In phosgene, the individua

cancel, but in formaldehyde, the bond
polarities ad ach other.

s a smaller dipole moment than form
)

! i1

Sei O

PR A

Formaldehyde

ed dipole moment is due to the lone pair electrons on sulfur.
e
HzC—SH
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Formal Charges

2.35 To save space, molecules are shown as line-bond structures with lone pairs, rather than as
electron-dot structures.

(a)

{CH3)2-O.—BF3 Oxygen: FC = 6- % -2
Boron: FC = 3 - % -0
® .1 o 6
HoC—N =N: Carbon: FC = 4- 5
Nitrogen I: FC = 5- %
Nitrogen 2: FC = 5 - %
AN
©) (T‘H3 Carbon: FC = 4 - % -2 = -1
HQC_F; — g Phosphorus: FC = 5 - 8 -0 = +1
2
CHq
N -
(d) —ti—fi: e SR 8
HoC =N =N: Carbon: FC = 4 - 5 -0=0
Nitrogen 1: FC = 5-— % -0 = +1
Nitrogen 2: FC = 5-— % -4 = -1
R 7
Oxygen |: FC=6—%—4=0
Oxygen2: FC = 6 Jg— -
Oxyaen3: BFC =6 % -
. o s
Nitrogen: FC = 5- 5 -0 = +1
Oxygen: FC = 6 - % -6 = -1
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2.36 As in Problem 2.31, molecules are shown as line-bond structures with lone-pair electrons
indicated. Only calculations for atoms with non-zero formal charge are shown.

(a) (|:H3_ Oxygen: FC = 6 — -6 = -1

HgC—N—0:

1l
i
I

Nitrogen: FC -0 = +1

Nitrogen 1: FC
Nitrogen 2: FC

Nitrogen 3: FC

Nitrogen 1: FC
Nitrogen 2: FC

Nitrogen 3: FC

Resonance

2.37 Resonance forms do not
resonance forms beca
are different in the two

not resonance structures
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(©) INHo + NH, *NHo *NH,
Cos i 10 +_C o dOE
HoN™ SNH, HoN” NH, HoN” NH, HoN” NH,

The last resonance structure is a minor contributor because its carbo,
electron octet.

(d) = i g
HSC_:S._CHE - HSC—“SZCHE

A

e + +
© HyC=CH—CH =CH—CH —CHz =<— H,C=CH —CH —CH=CH —CHj

ch —CH =CH —CH =CH —CHj,4

os1t10n'arbon atoms are

2.39 The two structures are not resonance fox
different in the two forms.

Acids and Bases
2.40

CHSOH + HCl === CHgOH; + O

CHsoH + Na NH2 CH30 Na + = NH3

2.41 y - '

iﬁ :0: :0
C H C s B . et C
s v on/ R p s ol
R 1 N e /N, e
H H H H

en of acetic acid is more acidic than the C—H hydrogens. The —OH oxygen
onegative, and, consequently, the -O—H bond is more strongly polarized than the
onds. In addition, the acetate anion is stabilized by resonance.

- - (b) H H (©) H:B:H
:Br:Al:Br: H:C:C:N:H H
- Br: H H H
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(d) - (e) H H ®
o iE sy  £F -C|-
H:F H:C.:S:IC:H .

e CI Ti CI
H H ,
-CI:

The Lewis acids shown below can accept an electron pair either because they
orbital or because they can donate H'. The Lewis bases have nonbonding el

Lewis acids:  AlBra, BH3, HF, TiCl,

Lewis bases:  CHzCHoNHy, HgC—S—CHg

2.43
(@) CHLOH + H,SO; =—= CH:OH," + HSO,

3 2 4 3 2 4

stronger  stronger weaker weaker

base acid acid base

A

(b) CH,OH + NaNH, =<—= CHs0 Na* + NHj
stronger  stronger weaker weaker
acid base base acid

AN AN
(©) CHgNHz*CIm+ NaOH =—= CHgNH, + H,O + NaCl

stronger stronger weaker weaker
acid base base acid
2.44 The substances with th“thel least acidic.
Least ac‘ifﬁc = Most acidic
Q Q
|I [l [l
CHSCCHS < CHCCH,CCHy <  CHaCOH
pKy = 193 pK,; = 99 Kq =9 pKy = 4.76

99.9%) with NaOH, an acid must have a pKa at least 3 units smaller
s, all substances in the previous problem except acetone react

act compl

e acid (smaller pKa.), the weaker its conjugate base. Since NHs" is a stronger
sNH3*, CH3NHz is a stronger base than NH3.
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247
e &
HC—C—0 K' + H,0 — HgC—C—OH * K* “OH
CHq CHq
stronger acid weaker acid
The reaction takes place as written because water is a stronger acid t
Thus, a solution of potassium tert-butoxide in water can’t be prepared.
248 A

@] — 0O

+ Il

. —
: + H... C - AR .. C
\ 4 FOT  ten. \ E-d “CH3>
4

/
249 (a) Acetone: K, =5x107° id: K,

2.50 (a) Nitromethane: pK, =10.30 acid: pK, =4.25

A

Formic acid + H-O =—>= Formate~ + H;O0%
[ 0.050 M] [x] [x]

o= T8 = >
a * 0.050 — x

X = !.0 x 1073 and pH = 2.52. If you calculate x exactly
=2.9x 1073 and pH = 2.54.

251

0.050 —x = 0.
atic equati

2.52 On ith sodium bicarbonate. Acetic acid is the only substance in
ger acid than carbonic acid.
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General Problems

2.53 In maleic acid, the individual dipole moments add to produce a net dipole moment for the
whole molecule. The individual dipole moments in fumaric acid cancel, resulting in a zero
dipole moment.

HO— C\ C—OH
C=C
/ \
- H
Maleic acid

bicarbonate.

cids and bases; the stronger

2.55 Reactions (a) and (c) are reactions between
i ccur between Lewis acids and

acid and stronger base are identified.

bases.
(@) +
CHSOH + H E— CH30H2
base acid
A U
(b)
O
[l [l
CHyCCHg + TiCl; — CHgCCHg
base acid
. V
(©) O
H H
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2.56 Pairs (a) and (d) represent resonance structures; pairs (b) and (c) do not. For two structures
to be resonance forms, all atoms must be in the same positions in all resonance forms.

2.57 A
(a) wirs (b)) .. + = o of e
ok HOH 0=0—0: =— [0—0=0
+ +/ s “ " i s .
HeC—N, == HgC—N_

0 10!

(©) +  a T ol
HoC—=N=N: <=— H,C—N=N:

2.58 The cation pictured can be represented by two resona eaction ater can
occur at either positively charged carbon, I'CSW
H H OH
+ ] H,0 $ 7
C. .CHy & CH, +
HSC/ \?/ —_— HSC/ \(I;.} + H
H
1
Ca _CH,0OH %
Hae” clz’ # M
H
50 (d) =
Bl —C=N
E; 0 B O+ O
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2.61

:O:_ :O:_ H 8 HON s ()i
H\C/Q: ‘e =
/N -~ —~ - B
H H

When phenol loses a proton, the resulting anion is stabilized by resonance. Th
anion is not stabilized by resonance.

262 V ¥

. sy .
H NH,
4 +1
S N N
o 9 N
'0—P—0—P—O0CH,CH,  CHg L Gl
| |
o' o
- S gL
NH,
- =
+1
SAN BN

of carbonate ion is sp? and trigonal planar. The three resonance
qually to the overall resonance hybrid. Thus, the molecule has no

o8 107
—.oo/Ck
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(b) The oxygen is sp’ hybridized and tetrahedral. Therefore, there is a dipole pointing
towards the lone pairs.

[ ]
S
N
LN ]
S

0
- HsC™ CHa

(c) The carbocation is sp? hybridized and trigonal planar. Thus, t
CHs

+
C(CHz3)3
~

HsC

2.64 The equilibrium always favors the weaker acid/b

(a)
O
OH CO,
U
pKa 9.9 pK, 4.2
(b)
©
CH3CH20H20H CH3CH20H20 + NH3
pK, 16.1 pK, 36
The “a” in pKa
= CH,4 + CH,NO,

pK, 60

ydrogen bonding causes the carboxylic acids interact with one another and that
force is stronger than the dispersion forces between acetic acid and oil.
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