7.1

7.2

73

7.4

1.5

7.6

s

Covalent Bonding and
Electron-Dot Structures

Only (a) is labeled incorrectly. The bonds in SiCl, are polar covalent.

H is positively polarized (blue). O is negatively polarized (red). This is consistent with
the electronegativity values for O (3.5) and H (2.1). The more negatively polarized atom
should be the one with the larger electronegativity.

1D
3.336x10°°C'm

x 100% = 55.6%

u=Qxr=(1.60x 107" C)(zzsxlo-”m)( ] =10.94D

% ionic character for AgCl = 6.08 D

Li-H AEN=EN(H)-EN(Li)=2.1-1.0=1.1

H-F AEN=EN(F)-ENH)=4.0-2.1=1.9

Based on the larger AEN value, you would predict that HF would have the higher % ionic
character. The calculations below show the opposite is in fact the case.

1D
3.336x 107 C-m

x 100% = 78.2%

LiH; p=Qxr=(1.60x 10" C)(160 x 10~ m)( } =7.67D

% ionic character for LiH = 6.00D

1D
3.336x 107 Cm

HF; p=Qxr=(1.60x 10" C)92x 107> m)[ J =441D

% ionic character for HF = 183D x 100% = 41.4%
441D

(c) H: S ‘H

(a) OF, (b) SiCl,

(a) is incorrect, the least electronegative atom (P) should be placed in the center.
(b) correct

(c) is incorrect, oxygen does not have a complete octet.

(d) is incorrect, there are 2 too many valence electrons.
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78 (3 H (b) :f;'l——zlu—(:j:lz ©r &8 T
H—.(IZ—E} sGle :§—c::1—§)::
| 0
(d) :61: (e) e =c|5= (Y] (e) [ H *
P e~ '
G- /PC(:J.I: . H—N—H
:gl Ql: 'Y 'Y H

79 (d) :C=0:

7.10 (e) Both (b) and (c) are correct.

7.11 (c)is the correct structure because it has 19 valence electrons, the two oxygens have
complete octets, and the odd electron is on the chlorine.

7.12 O, is aradical and the presence of an unpaired electron leads to a highly reactive species.

713 (a) IiI ) b 1|{ Ill (©) H—Q'—_Q'—H (d) PII 111
H—C—N—H H—C=C—H H—N—N—H
0 oH
7.14 H H H H
H—(ll—(ll—:—H and H—(lj—(:):——(ll—H
b B

7.15 Molecular formula: C,H,N,O

N c//
H\oc // - \uo
) —c\ /N—
H —C
/ \
H H
e w by g
H—C= _c=c—c=c—1'\|‘I—H :ITI—H
Il |
I
H
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v Py
H—N—C—C—0—H H—(:):—(IZ——C——I.\{—H
H H

717 (@) N=N=—0O:

® N

N=N=—=Q: - :f\I—NEO:

Y
N’:

N=b: - :NEN—Q:

7.18 (a) 3 ;
P2 S HE S

O
0

(b) PR P o

7.19 (a) T H o H
Y
A d'e
N=C *N H
H H H
This is a valid resonance structure.

(b) T H H O:
VAR
Hee o \C/C\C/C\-d/H
N AVA
N=C N H
TN
H H H
This is not a valid resonance structure. The N with two double bonds has 10 electrons,
not 8.

.. H
\O/
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720 (a) PII
I N
C C g H
D
=
H/ ~N (I: =z \H
H
o |
AN A NP NS S,
C ) L C C Ny H C C C —\—H
el e I
H/ \T/ \H H/ \Cl/ \H
H H
| |
H R 1O H N NP W
C C C—H C C CT—H
N ~N
PP
=
0 \T/ Ny 0 \Cl/ Ny
H H
7.21 v .« ™
[:N=C=0:]
For nitrogen: Isolated nitrogen valence electrons 5
Bound nitrogen bonding electrons 4
Bound nitrogen nonbonding electrons 4
Formal charge =5 - '2(4) -4 = -1
For carbon: Isolated carbon valence electrons 4
Bound carbon bonding electrons 8
Bound carbon nonbonding electrons 0
Formal charge =4~ (8)-0=0
For oxygen: Isolated oxygen valence electrons 6
Bound oxygen bonding electrons 4
Bound oxygen nonbonding electrons 4

Formal charge =6~ '2(4)-4=0
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722 @ oy (V-

].\}—._—C:a - [:NEC—é:]_

‘A AT . -
N=C=——"O - [:]}{—CEO :l

®) [N=c=0

For nitrogen: Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge =5 - 142(4) -4 =~1

For carbon: Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge =4 - 4(8)-0=0

For oxygen: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge =6 - %(4)-4=0

:N=Cc—o0:|

For nitrogen: Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge=5-%(6)-2=0

For carbon: Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge =4 -%(8)-0=0

For oxygen: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6 — 15(2) — 6 = -1
:ﬁ—CEO .|
For nitrogen: Isolated nitrogen valence electrons
Bound nitrogen bonding electrons

Bound nitrogen nonbonding electrons
Formal charge=5-%(2)-6=-2
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For carbon: Isolated carbon valence electrons 4
Bound carbon bonding electrons 8
Bound carbon nonbonding electrons 0

Formal charge =4 - 2(8)-0=0

For oxygen: Isolated oxygen valence electrons 6
Bound oxygen bonding electrons 6
Bound oxygen nonbonding electrons 2

Formal charge = 6 — '2(6) -2 =+1
-2

.o +
‘N—C=0:

> |IN=—=C—O:

T

The first two structures make the largest contribution to the resonance hybrid because the
-1 formal charge is on either of the electronegative N or O. The third structure has a +1
formal charge on O and does not significantly contribute to the resonance hybrid.

(c) Carbon-nitrogen because of the triple bond contribution to the resonance hybrid.

7.23

0:
S
DI e All atoms in this structure have 0 formal charge.
H/T 9
H
oo g -1
:0:
o | /+1
NN
—C o)
H | .e
H
For top oxygen: Isolated oxygen valence electrons 6
Bound oxygen bonding electrons 2
Bound oxygen nonbonding electrons 6
Formal charge =6 - '2(2) - 6 = -1
For right oxygen: Isolated oxygen valence electrons 6
Bound oxygen bonding electrons 6
Bound oxygen nonbonding electrons 2

Formal charge = 6 — 2(6) -2 = +1
All the other atoms in this structure have 0 formal charge.

The structure without formal charges makes a larger contribution to the resonance hybrid
because energy is required to separate + and — charges. Thus, the actual electronic
structure of acetic acid is closer to that of the more favorable, lower energy structure.
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7.24
-1 +1
H H H /

NI N N NI N N NS DN NP
C C C~— u C C C~ q C C C— H
Lol T T L

= X =

H/ \T/ \H H/ \T/ \H H/ \T/ \H

H H H
1 2 3
All atoms in structures 1 and 2 have 0 formal charge.
In structure 3:
For carbon: Isolated carbon valence electrons 4
Bound carbon bonding electrons 6
Bound carbon nonbonding electrons 2
Formal charge =4 - 4(6) -2 =-1
For oxygen: Isolated oxygen valence electrons 6
Bound oxygen bonding electrons 6
Bound oxygen nonbonding electrons 2

Formal charge = 6 — %4(6) - 2 = +1
All the other atoms in structure 3 have 0 formal charge.

The structures 1 and 2 without formal charges make the larger contribution to the
resonance hybrid because energy is required to separate + and — charges.

7.25 (a) AEN(P=0) = 1.4 and AEN(P=S) = 0.4. Both bonds are polar covalent, but the
phosphorus-oxygen bond is more polar.
(b) For the reaction between the organophosphate insecticide and the enzyme to occur,
the phosphorus atom must bear a positive charge. Greater positive charge leads to
increased rate of reaction and increased toxicity of the insecticide. Since oxygen is more
electronegative than sulfur it has greater ability to pull shared electrons toward itself.
Therefore, the molecule with the P=0 bond is more toxic due to the greater positive
charge on phosphorus.

7.26  For the reaction between an organophosphate insecticide and the enzyme to occur, the
phosphorus atom must bear a positive charge. Greater positive charge leads to increased
rate of reaction and increased toxicity of the insecticide. The more electronegative the X
group, the more positive the phosphorus.  (a) Cl (b) CF,

7.27 Phosphorus is in the third row of the periodic table and can utilize d orbitals to hold extra
electrons, and therefore form more than four bonds.
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728 C,H,N,PSO,

H T H
/
\C
| H
H—C— Cé—' H
| H
H \ H
C .
N NN S : C— C//H
PN =
AN AN N
H C o”\ _H
| o—¢ H
H [ NeLn
H "\
H
7.29 H g
0: \C//H
F—Ll—b‘—c/—ﬂ
| - AN o—H
C N
/TN H
H H H
H
For phosphorus: Isolated phosphorus valence electrons 5
Bound phosphorus bonding electrons 10
Bound phosphorus nonbonding electrons 0
Formal charge =5 - %(10)-0=0
For top oxygen: Isolated oxygen valence electrons 6
Bound oxygen bonding electrons 4
Bound oxygen nonbonding electrons 4
Formal charge =6 - 4(4)-4=0
For right oxygen: Isolated oxygen valence electrons 6
Bound oxygen bonding electrons 4
Bound oxygen nonbonding electrons 4
Formal charge =6 - %(4)-4=0
For fluorine: Isolated fluorine valence electrons 7
Bound fluorine bonding electrons 2
Bound fluorine nonbonding electrons 6

Formal charge =7 - %(2)-6=0
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For carbon:

For fluorine:

For phosphorus:

For top oxygen:

Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge=4-'%(8)-0=0

H

Isolated fluorine valence electrons
Bound fluorine bonding electrons
Bound fluorine nonbonding electrons
Formal charge=7-%(2)-6=0

Isolated phosphorus valence electrons
Bound phosphorus bonding electrons
Bound phosphorus nonbonding electrons
Formal charge =5 - %(10)-0=0

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6 — %4(2) - 6 = -1

For right oxygen: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge = 6 — /4(6) — 2 = +1
(b) -1
N HoH
+1 10 \C//H
r-!Z =—p—0 c/ H
. e \C __H
C N
20 \ "H
H H H
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For fluorine: Isolated fluorine valence electrons
Bound fluorine bonding electrons
Bound fluorine nonbonding electrons
Formal charge =7 - 2(4) -4 = +1

& A~

For phosphorus: Isolated phosphorus valence electrons
Bound phosphorus bonding electrons 10
Bound phosphorus nonbonding electrons
Formal charge =5 -'2(10)-0=10

(o)}

For top oxygen: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons 6
Formal charge =6 - '2(2) - 6 = -1

N

For right oxygen: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge =6-%(4)-4=0

LR )

The problem 7.29 structure without formal charges makes the largest contribution to the
resonance hybrid because energy is required to separate + and — charges.

Conceptual Problems

731 (a) A (b) D (c) B d C

7.32 C-D is the stronger bond. A-B is the longer bond.

7.33  As the electrostatic potential maps are drawn, the Li and Cl are at the tops of each map.
The red area is for a negatively polarized region (associated with Cl). The blue area is for
a positively polarized region (associated with Li). Map (a) is for CH,Cl and Map (b) is
for CH,Li.

7.34 (a) fluoroethane (b) ethane  (c) ethanol (d) acetaldehyde

7.35 (a) is ionic; (b) and (c) are covalent.

736 (a) CgH,NO,

H
N 0
H\ /C—__ \ /C!\ _H
——C\\ //C—N\ C\—HH
C—cC H
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737 (a) CH,N,0,

7.38 H o

7.39

Section Problems
Covalent Bonds (Sections 7.1)

7.40 (a) ionic (b) nonpolar covalent (c) covalent

741 (a) Attractive forces between the positively charged nuclei and the electrons in both
atoms occur when the atoms are close together and a covalent bond forms.

Strengths of Covalent Bonds (Section 7.2)

742 C-F 450kJ/mol AEN=EN(F)-EN(C)=4.0-2.5=1.5
N-F  270kJ/mol AEN=EN(F)-~EN(N)=4.0-3.0=1.0
O-F 180kJ/mol AEN =EN(F)-EN(0)=4.0-3.5=0.5
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7.43

7.44

7.45

F-F 159 kJ/mol

AEN = EN(F) - EN(F) =4.0-4.0=0

In general, increased bond polarity leads to increased bond strength.

C-F 450 kJ/mol
C-Cl 330 kJ/mol
C-Br 270 kJ/mol
C-1 240 kJ/mol

AEN = EN(F) - EN(C)=4.0-2.5=1.5
AEN = EN(C]) - EN(C) =3.0-2.5=0.5
AEN = EN(Br) - EN(C) =2.8-2.5=0.3
AEN = EN(I) - EN(C)=2.5-2.5=0

In general, increased bond polarity leads to increased bond strength.

N-H AEN=ENN)-EN(H)=3.0-2.1=09

O-H AEN=EN(O)-ENH)=35-21=14

S-H AEN=EN(S)-ENH)=2.5-2.1=04

In general, increased bond polarity leads to increased bond strength. The most polar bond
is the O—H bond and should be the strongest of the three.

All three bonds are nonpolar. In general, the longer the bond length, the weaker the bond.
[ > Br > Cl. The I-I bond is the longest and should be the weakest of the three.

Polar Covalent Bonds: Electronegativity (Section 7.3)

7.46

7.47

7.48

7.49

7.50

154

Electronegativity increases from left to right across a period and decreases down a group.

Z = 119 would be below francium and have a very low electronegativity.

K<L <Mg<Pb<C<Br

Cl>C>Cu>Ca>Cs

(a) HF

(b) HI

(c) PdCl,

(d) BBr,

fluorine
hydrogen

iodine
hydrogen

chlorine
palladium

bromine
boron

EN=4.0
EN=2.1
AEN=19

EN=25
_EN=2.1
AEN = 0.4

EN=3.0
EN=22
AEN=0.8

EN=2.8
EN=2.0
AEN=0.8

HF is polar covalent.

HI is polar covalent.

PdCl, is polar covalent.

BBr, is polar covalent.
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7.51

7.52

7.53

7.54

7.55

7.56

(e) NaOH
OH"

(f) CH,Li

Na* - OH" is ionic

oxygen EN=3.5
hydrogen EN=2.1
AEN = 1.4
lithium EN=1.0
carbon EN=2.5
AEN=1.5

OH" is polar covalent.

CH,Li is polar covalent.

The electronegativity for each element is shown in parentheses.

(a) C(2.5),H (2.1),C1(3.0): The C-Cl bond is more polar than the C-H bond because
of the larger electronegativity difference between the bonded atoms.

(b) Si(1.8),Li(1.0), Cl(3.0): The Si—Cl bond is more polar than the Si-Li bond because
of the larger electronegativity difference between the bonded atoms.

(c) N (3.0), C1(3.0), Mg (1.2): The N-Mg bond is more polar than the N-Cl bond
because of the larger electronegativity difference between the bonded atoms.

(@) & 3+ o+ &-
C-H C -Cli
- &+
(¢) N-Cl N — Mg
o— o o+
@ f_g ® 7 _g
o— o— O+
@ Br-B © o-mn
(a) MgO, BaCl, (b) P,
(a) CaCl,, NaF, LiF (b) S;
(a) CCl, chlorine EN=3.0
carbon EN=25
AEN=0.5
(b) BaCl, chlorine EN=3.0
barium EN=0.9
AEN=2.1
(c) TiCl, chlorine EN=3.0
titanium EN=1.5
AEN=1.5

Copyright © 2020 Pearson Education, Inc.

o- o+ 3+ o-
O Si - Cl
o- o+
© ¢c1-pd
o~ o+
® ¢_u

(c¢) CdBr,, BrF,, NF,, POCl,, LiBr

(¢) SOCl,, CBr,, BrCl, AsH,
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(d) CL,O oxygen EN=3.5 Vs
chlorine EN=3.0
AEN=10.5

Increasing ionic character: CCl, ~ ClO, < TiCl; < BaCl,

7.57 (a) NH, nitrogen EN=3.0
hydrogen EN=2.1
AEN=0.9
(b) NCl, nitrogen EN=3.0
chlorine EN=3.0
AEN=0.0
(c) Na,N nitrogen EN=3.0
sodium EN=0.9
AEN=2.1
(d) NO, oxygen EN=3.5
nitrogen EN=3.0
AEN=0.5

Increasing ionic character: NCl, < NO, < NH,; < Na,N s

758 (a) MgBr, (b) PBr,
759 (a) CaCl,  (b) SiCl,

1D
3.336x10°3°C'm
0.518D

x 100% = 5.05%
D

760 pn=Qxr=(1.60x10"C)213.9x10™" m)( ] =10.26D

% ionic character for BrCl =

1D
3.336x107°C-m
0.887D

x 100% = 11.4%
D

761 p=Qxr=(1.60x 10" C)(162.8 x 1072 m)( ) =781D

% ionic character for CIF =

A Comparison of Ionic and Covalent Compounds (Section 7.4)

7.62 (b) and (c) are ionic compounds; (a) is a covalent compound and is most likely a gas at
room temperature.

7.63 (a) and (b) are covalent compounds; (c) is an ionic compound and is most likely a solid at Vi W
room temperature.

156 Copyright © 2020 Pearson Education, Inc.



™

Chapter 7 — Covalent Bonding and Electron-Dot Structures

Electron-Dot Structures and Resonance (Sections 7.5-7.7)

7.64

7.65

7.66

7.67

7.68

7.69

7.70

7.71

7.72

The octet rule states that main-group elements tend to react so that they attain a noble gas
electron configuration with filled s and p sublevels (8 electrons) in their valence electron
shells. The transition metals are characterized by partially filled d orbitals that can be
used to expand their valence shell beyond the normal octet of electrons.

(a) AICl; Al has only 6 electrons around it. ~ (c) PCl; P has 10 electrons around it.
(a) :]]3'r: ®) C1— I_l (c) PII ITI (d) i _
.'. h S B H : H et W P 3 M (1] | Y
.gr (|: oor. .(0::1. H cl: ? gl. :E'—‘B—.IE:
:Br: H H IIT

P

9 5—g—

Cle
@ IF ©) :fliz ® :cl—se—ar:
H— _P_6_H .o .o .o
=../|P\P: I .
.0 .F. ('Y :O:

(c) is the correct electron-dot for XeF," because it accounts for the required number of
bonding (10) and lone pair (32) electrons.

LN BT
:0: H:O:H
hydronium ion

(I? (")
ng-d-dgn

:S=C===S: ; CS, has two double bonds.

(a) The anion has 32 valence electrons. Each CI has seven valence electrons (28 total).
The minus one charge on the anion accounts for one valence electron. This leaves three
valence electrons for X. X is Al
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(b) The cation has eight valence electrons. Each H has one valence electron (4 total).
X is left with four valence electrons. Since this is a cation, one valence electron was
removed from X. X has five valence electrons. X is P.

7.73  (a) This fourth-row element has six valence electrons. Itis Se.
(b) This fourth-row element has eight valence electrons. It is Kr.

774 (a) O: H (b) PII
O T H—(—C=C—H
B i
775 (@ O H (b) ﬁl
H—P:—l.lg—H H—$—CEN—§:
H
7'76 H—ﬁ=ﬁ—H H\ o o0 /H
N—N
/7 A Y
H H

N,H, has the stronger N-N bond because of the higher bond order.

7.77 N=0: :“=I:I——(:):: -—> ::O:—N=6:

NO has the stronger N-O bond because of the higher bond order.

778 (a) H
zi::_..? g

:.13:

® H 5:

7.79 :(Ijlz :tIS—H
:§§1—(|:—C—§—H
:gl: H
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Electron-Dot Structures for Molecules with Second-Row Elements (Section 7.8)

7.80 H

7.81

7.82 CH,

7.83

)

(y

jun
m_
:I'._

Resonance (Section 7.9)

. Te I~ Y .o _
7.84  (a) H——-I\fi——.N—r;I: ~—> H—N=—=N=—=N: <—> H—N-—N=N:
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7.85

7.86

7.87

7.88

160

(b)

I IN=N—/"70:! =-=» N—N=—=/7/0

I - :f\i——NEO:

(C) .o
0: O
7 /
N <> N
o No:
0=N—N/ -—» O—N——N - 6=N=N
O A\ Y '
(a) yes (b) no (c) yes (d) yes
(a) yes (b) no (c) yes
.. H .. H
:(l)/ (‘ ﬁ/

H C H H H H_ .. _C H
\C/V\C/ \cf NG
Nl =i I =1

A
H/ \T/ \H H/ \T/ H H/ \T/ \H
H H H
H H H H
e < —c=N
H/ l H H/ | H
H H
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7.90 (a) T Pll
H\cjcéc/H NN
ol — 1
=
H/ \Cl,/ \H H/ \T/ \H
H H
(b) ii)
791 :('15:_ :'I':— i s
:(I) : < :(I): - 0+
:0=S—0¢" ~:0—s=0s T0—S—0¢
+2 +2 +2
For :E?g
:(l):
:0=5—0
For oxygen: Isolated oxygen valence electrons 6
(top) Bound oxygen bonding electrons 2
Bound oxygen nonbonding electrons 6
Formal charge = 6 ~ %2(2) - 6 = -1
For oxygen: Isolated oxygen valence electrons 6
(middle) Bound oxygen bonding electrons 4
Bound oxygen nonbonding electrons 4
Formal charge =6 - '4(4)-4=0
For oxygen: Isolated oxygen valence electrons 6
(left) Bound oxygen bonding electrons 4
Bound oxygen nonbonding electrons 4
Formal charge =6 - %(4)-4=0
For oxygen: Isolated oxygen valence electrons 6
(right) Bound oxygen bonding electrons 2
Bound oxygen nonbonding electrons 6
Formal charge = 6 - 14(2) - 6 =-1
For sulfur: Isolated sulfur valence electrons 6
Bound sulfur bonding electrons 8
Bound sulfur nonbonding electrons 0

Formal charge =6 — '4(8) - 0 =+2
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For : | :
:(I):
:0—S=0:
For oxygen: Isolated oxygen valence electrons 6
(top) Bound oxygen bonding electrons 2
Bound oxygen nonbonding electrons 6
Formal charge =6 — '2(2) - 6 = -1
For oxygen: Isolated oxygen valence electrons 6
(middle) Bound oxygen bonding electrons 4
Bound oxygen nonbonding electrons 4
Formal charge =6 - 2(4)-4=0
For oxygen: Isolated oxygen valence electrons 6
(left) Bound oxygen bonding electrons 2
Bound oxygen nonbonding electrons 6
Formal charge =6 — %2(2) - 6 = -1
For oxygen: Isolated oxygen valence electrons 6
(right) Bound oxygen bonding electrons 4
Bound oxygen nonbonding electrons 4
Formal charge =6 - 2(4)-4=0
For sulfur: Isolated sulfur valence electrons 6
Bound sulfur bonding electrons 8
Bound sulfur nonbonding electrons 0
Formal charge =6 - %2(8) -0 =+2
For :Elig
7
:0—S—0:
For oxygen: Isolated oxygen valence electrons 6
(top) Bound oxygen bonding electrons 2
Bound oxygen nonbonding electrons 6
Formal charge =6 - 12(2) - 6 = -1
For oxygen: Isolated oxygen valence electrons 6
(middle) Bound oxygen bonding electrons 6
Bound oxygen nonbonding electrons 2

Formal charge =6 — %2(6) — 2 = +1
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For oxygen: Isolated oxygen valence electrons 6
(left) Bound oxygen bonding electrons 2
Bound oxygen nonbonding electrons 6
Formal charge =6 - 12(2) - 6 = -1
For oxygen: Isolated oxygen valence electrons 6
(right) Bound oxygen bonding electrons 2
Bound oxygen nonbonding electrons 6
Formal charge = 6 - 2(2) - 6 =-1
For sulfur: Isolated sulfur valence electrons 6
Bound sulfur bonding electrons 8
Bound sulfur nonbonding electrons 0
Formal charge = 6 — %4(8) - 0 = +2
7.92 (a) T T
H C C H
Can Can C
H H
S [
H C C H H C C H
\C¢ \C/\/‘\C/ \C/ \C/ \C/
WA Al
> X AN
H/ \T/ \T/ \H H/ \T/ \T/ \H
H H H H
7.93  Structures (a) and (b) are resonance hybrids of the same molecule.
Formal Charges (Section 7.10)
7.94 :C=0:
For carbon: Isolated carbon valence electrons 4
Bound carbon bonding electrons 6
Bound carbon nonbonding electrons 2

Formal charge =4 - 14(6) -2 =-1
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7.95

164

For oxygen: Isolated oxygen valence electrons 6
Bound oxygen bonding electrons 6
Bound oxygen nonbonding electrons 2
Formal charge = 6 — 2(6) -2 =+1

(a) III

H—N—0—H

For hydrogen: Isolated hydrogen valence electrons 1
Bound hydrogen bonding electrons 2
Bound hydrogen nonbonding electrons 0
Formal charge=1-'2(2)-0=0

For nitrogen: Isolated nitrogen valence electrons 5
Bound nitrogen bonding electrons 6
Bound nitrogen nonbonding electrons 2
Formal charge =5 - '%(6)-2=0

For oxygen: Isolated oxygen valence electrons 6
Bound oxygen bonding electrons 4
Bound oxygen nonbonding electrons 4
Formal charge =6 - '2(4)-4=0

(b) H -

o0 I
H—I.\{——(ll—H
H

For hydrogen: Isolated hydrogen valence electrons 1
Bound hydrogen bonding electrons 2
Bound hydrogen nonbonding electrons 0
Formal charge=1-12(2)-0=0

For nitrogen: Isolated nitrogen valence electrons 5
Bound nitrogen bonding electrons 4
Bound nitrogen nonbonding electrons 4
Formal charge =5 - %2(4) -4 =-1

For carbon: Isolated carbon valence electrons 4
Bound carbon bonding electrons 8
Bound carbon nonbonding electrons 0

Formal charge =4 - '2(8)-0=0
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(© (I) :
:g—p—Q:

HOH
[ 1)
For chlorine:

For oxygen:
For phosphorus:

7'96 [ 13 [ 1) [ 1] -
{:Q——Cl———g%

For both oxygens:

For chlorine:

[o-g=8]

For left oxygen:

For right oxygen:

Isolated chlorine valence electrons
Bound chlorine bonding electrons
Bound chlorine nonbonding electrons
Formal charge=7-%(2)-6=0

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge =6 - 4(2) - 6 =-1

Isolated phosphorus valence electrons
Bound phosphorus bonding electrons
Bound phosphorus nonbonding electrons
Formal charge =5 - /4(8) - 0 =+1

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge =6 - 14(2) - 6 = -1

Isolated chlorine valence electrons
Bound chlorine bonding electrons
Bound chlorine nonbonding electrons
Formal charge =7 - 12(4) - 4 = +1

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge =6 — 14(2) - 6 =-1

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge=6 - '2(4)-4=0
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7.97

166

For chlorine:

:(”):
HO—$—0

For sulfur:

For doubly
bound oxygen:

For oxygen
bound to
hydrogen:

For hydrogen:

:('|5:
HO—s—0H

For sulfur:

For oxygen not
bound to
hydrogen:

For oxygen
bound
to hydrogen:

Isolated chlorine valence electrons
Bound chlorine bonding electrons
Bound chlorine nonbonding electrons
Formal charge =7 - %2(6)-4=0

Isolated sulfur valence electrons
Bound sulfur bonding electrons
Bound sulfur nonbonding electrons
Formal charge =6 - '2(8)~2=0

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge =6 - '2(4)-4=0

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge =6 -'2(4)-4=0

Isolated hydrogen valence electrons
Bound hydrogen bonding electrons
Bound hydrogen nonbonding electrons
Formal charge =1-"(2)-0=0

Isolated sulfur valence electrons
Bound sulfur bonding electrons
Bound sulfur nonbonding electrons
Formal charge = 6 — 2(6) =2 = +1

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge =6 — 2(2)-6=-1

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge =6 ~%(4)-4=0
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Chapter 7 — Covalent Bonding and Electron-Dot Structures

For hydrogen:

798 (a) H\
C=N=N3:
H
For hydrogen:

For nitrogen:
(central)

For nitrogen:
(terminal)

For carbon:

(b) H\ se [
L—N=N:
H

For hydrogen:

For nitrogen:
(central)

For nitrogen:
(terminal)

Isolated hydrogen valence electrons
Bound hydrogen bonding electrons
Bound hydrogen nonbonding electrons
Formal charge=1-%(2)-0=0

Isolated hydrogen valence electrons
Bound hydrogen bonding electrons
Bound hydrogen nonbonding electrons
Formal charge=1-(2)-0=0

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge =5 - %4(8) - 0 =+1

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge =5 - 4(4) -4 =~-1

Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge =4 -%(8)-0=0

Isolated hydrogen valence electrons
Bound hydrogen bonding electrons
Bound hydrogen nonbonding electrons
Formal charge=1-%(2)-0=0

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge =5-%(6)-2=0

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge =5 - 12(4) -4 =-1
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Chapter 7 — Covalent Bonding and Electron-Dot Structures

For carbon: Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge =4 - 2(6) - 0 = +1

(== e W

Structure (a) is more important because of the octet of electrons around carbon.

7.99 0 -
Il
I
H
For oxygen: Isolated oxygen valence electrons 6
Bound oxygen bonding electrons 4
Bound oxygen nonbonding electrons 4
Formal charge =6 - '2(4)-4=0
For left carbon: Isolated carbon valence electrons 4
Bound carbon bonding electrons 8
Bound carbon nonbonding electrons 0
Formal charge =4 - '2(8)-0=0
For right carbon: Isolated carbon valence electrons 4
Bound carbon bonding electrons 6
Bound carbon nonbonding electrons 2
Formal charge =4 - "2(6) -2 = -1
(l) : -
w S
I
H
For oxygen: Isolated oxygen valence electrons 6
Bound oxygen bonding electrons 2
Bound oxygen nonbonding electrons 6
Formal charge =6 - '2(2) - 6 =-1
For left carbon: Isolated carbon valence electrons 4
Bound carbon bonding electrons 8
Bound carbon nonbonding electrons 0
Formal charge =4 - 2(8)-0=0
For right carbon: Isolated carbon valence electrons 4
Bound carbon bonding electrons 8
Bound carbon nonbonding electrons 0

Formal charge =4 - '2(8)-0=0
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7.100

7.101

The second structure is more important because of the —1 formal charge on the more

electronegative oxygen.

:flflz (")

:Cl—C—N

o8 | + e
:gl:

For chlorine:

For carbon:
For nitrogen:

For oxygen:
(double bonded)

For oxygen:
(single bonded)

.— |
: «—>» CI—C—N=O0:
+

Isolated chlorine valence electrons
Bound chlorine bonding electrons
Bound chlorine nonbonding electrons
Formal charge =7 -1%(2)-6=0

Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge=4-%(8)-0=0

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge =5 - %(8) - 0=+1

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge =6 -4(4)-4=0

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge =6 — %2(2) - 6 =~1

0=N—Cl: <«—— 0—N=(I

For chlorine:
(single bonded)

For chlorine:
(double bonded)

Isolated chlorine valence electrons
Bound chlorine bonding electrons
Bound chlorine nonbonding electrons
Formal charge =7 -%(2)-6=0

Isolated chlorine valence electrons
Bound chlorine bonding electrons
Bound chlorine nonbonding electrons
Formal charge =7 - %2(4) — 4 = +1
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Chapter 7 — Covalent Bonding and Electron-Dot Structures

For nitrogen: Isolated nitrogen valence electrons 5
Bound nitrogen bonding electrons 6
Bound nitrogen nonbonding electrons 2
Formal charge =5 -'%(6)-2=0

For oxygen: Isolated oxygen valence electrons 6

(double bonded) Bound oxygen bonding electrons 4
Bound oxygen nonbonding electrons 4
Formal charge =6 - 2(4)-4=0

For oxygen: Isolated oxygen valence electrons 6

(single bonded) Bound oxygen bonding electrons 2
Bound oxygen nonbonding electrons 6

Formal charge =6 - 2(2) = 6 = -1

O=N—Cl: is the larger contributor to the resonance hybrid because it has no formal
charges.

7.102 H
H :0: H

H—C—C=—=C—C—H

H H H
All atoms have 0 formal charge.

(=)

For oxygen: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons 2
Formal charge = 6 — "2(6) ~ 2 = +1

(o)}

For carbon: Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge = 4 — 12(6) -2 = -1

NN B

All other atoms have 0 formal charge.
The original structure is the larger contributor.
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7.103 H\_,/H

For nitrogen: Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge =5 - 4(8) -0 =+1

For carbon: Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge =4 - 15(6) -2 = -1

All other atoms have 0 formal charge.
The original structure is the larger contributor.

7.104 (a) reactants

i
F—B H;C—0—CH;,
F
For boron: Isolated boron valence electrons

Bound boron bonding electrons
Bound boron nonbonding electrons
Formal charge =3 - '4(6)-0=0
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7.105

172

For oxygen:

product
1 o
F—B—O{
S ¢

For boron:

For oxygen:

@ g—c=N—=§:

For hydrogen:
For carbon:
For nitrogen:

For sulfur:

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge =6 —2(4)—-4=0

Isolated boron valence electrons
Bound boron bonding electrons
Bound boron nonbonding electrons
Formal charge =3 —%(8)-0=-1

Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge =6 — %(6) -2 = +1

Isolated hydrogen valence electrons
Bound hydrogen bonding electrons
Bound hydrogen nonbonding electrons
Formal charge=1-%(2)-0=0

Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge =4 - 2(8)~0=0

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge =5 —'2(8) - 0=+1

Isolated sulfur valence electrons
Bound sulfur bonding electrons
Bound sulfur nonbonding electrons
Formal charge =6 ~ 2(2) - 6 = -1
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Chapter 7 — Covalent Bonding and Electron-Dot Structures

() H—N=c==S:
For hydrogen:

For nitrogen:
For carbon:
For sulfur:

(¢) H—N=c==S:

7.106

i
T
H

For hydrogen:

For H—

For carbon:
(left)

For nitrogen:

—N=C=0:

Isolated hydrogen valence electrons
Bound hydrogen bonding electrons
Bound hydrogen nonbonding electrons
Formal charge =1-'2(2)-0=0

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge =5 - '4(6)-2=0

Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge =4 - %(8)-0=0

Isolated sulfur valence electrons
Bound sulfur bonding electrons
Bound sulfur nonbonding electrons
Formal charge=6 - '4(4)-4=0

Isolated hydrogen valence electrons
Bound hydrogen bonding electrons
Bound hydrogen nonbonding electrons
Formal charge =1-%(2)-0=0

Isolated carbon valence electrons
Bound carbon bonding electrons
Bound carbon nonbonding electrons
Formal charge =4 - %(8)-0=0

Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge =5 - %4(6)-2=0
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7.107

174

For carbon: Isolated carbon valence electrons 4
(right) Bound carbon bonding electrons 8
Bound carbon nonbonding electrons 0

Formal charge =4 - '2(8)-0=0

For oxygen: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge =6 - '2(4)-4=0

o))

|+ e
For H—?—NEC——Q:
H
For hydrogen: Isolated hydrogen valence electrons
Bound hydrogen bonding electrons

Bound hydrogen nonbonding electrons
Formal charge =1-'%(2)-0=0

SN =

For carbon: Isolated carbon valence electrons 4
(left) Bound carbon bonding electrons
Bound carbon nonbonding electrons 0

Formal charge =4 ~'2(8)-0=0

o0

i

For nitrogen: Isolated nitrogen valence electrons
Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge =5 - '2(8) - 0 =+1

(== )

For carbon: Isolated carbon valence electrons 4
(right) Bound carbon bonding electrons
Bound carbon nonbonding electrons 0

Formal charge =4 - '2(8)-0=0

[~-]

For oxygen: Isolated oxygen valence electrons
Bound oxygen bonding electrons
Bound oxygen nonbonding electrons
Formal charge =6 — 2(2) -6 = -1

@ (1) [6— CEN:] - @ [:__:c:f:T] -3 [:650 I_\Iz] -

AN

(1]

(b) Structure (1) makes the greatest contribution to the resonance hybrid because of the
—1 formal charge on the oxygen. Structure (3) makes the least contribution to the
resonance hybrid because of the +1 formal charge on the oxygen.
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Multiconcept Problems

(b) . o

R NP L :0 : : of
e +_oo N\ s N _.. b ** _.. *

:.—. .—.: :(.)./+ SRR H o"//+ * +\\9:

@ oo °s (e) oo oo ® o &

: bid //Oz ;('Q\N_6_N// ¢ .9\ _oo (o)o.

//NI-D—OO I-ﬂ\ se () +_+ +\(0)0. o2 13.1_9_ +N\ .
¢ z("kN—6= g ® :é\N S5=N 2
o +\§: Cf o of

7.109

7.110

Copyright © 2020 Pearson Education, Inc.

Structures (a) — (d) make more important contributions to the resonance hybrid because of
only —1 and 0 formal charges on the oxygens. A +1 formal charge is unlikely.

(a) Assume a 100.0 g sample. From the percent composition data, a 100.0 g sample
contains 47.5 g S and 52.5 g Cl.

47588 x M8 _ 48 mals
32065 S

1 mol Cl
35.453 gCl
Because the two mole quantities are the same, the empirical formula is SCI.

525¢gCl x = 1.48 mol Cl

G—§—§—

:1:

Isolated sulfur valence electrons
Bound sulfur bonding electrons
Bound sulfur nonbonding electrons
Formal charge =6 - 4(4)-4=0

For sulfur:

LA )Y

~

Isolated chlorine valence electrons
Bound chlorine bonding electrons
Bound chlorine nonbonding electrons 6
Formal charge=7-%(2)-6=0

For chlorine:

[\S]

(a) Assume a 100.0 g sample. From the percent composition data, a 100.0 g sample
contains 47.5 g S and 52.5 g Cl.

1 molN
14.007gN

1 mol S

_— = 2.17molN
32.065gS

69.6gS x = 2.17mol S; 304gN x
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176

Because the two mole quantities are the same, the empirical formula is SN.

The empirical formula weight = 47.07

Multiple = I‘nT)lecular welght. _ 1843 _ 4.00
empirical formula weight  47.07

The molecular formula is S,N,.

ORI
:Ilq 74 "\:SI .
$S¢ Nz
\ e
N—¢

For sulfur: Isolated sulfur valence electrons

(1 lone pair) Bound sulfur bonding electrons
Bound sulfur nonbonding electrons
Formal charge =6 — }2(6) -2 = +1

For sulfur: Isolated sulfur valence electrons

(2 lone pairs) Bound sulfur bonding electrons
Bound sulfur nonbonding electrons
Formal charge =6 ~ 2(4)-4=0

For nitrogen: Isolated nitrogen valence electrons

(1 lone pair) Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge =5 - %(6)-2=10

For nitrogen: Isolated nitrogen valence electrons

(2 lone pairs) Bound nitrogen bonding electrons
Bound nitrogen nonbonding electrons
Formal charge =5 - 2(4) -4 =-1

N

] 0

S N:

R

Ny

For sulfur: Isolated sulfur valence electrons

(1 lone pair) Bound sulfur bonding electrons
Bound sulfur nonbonding electrons
Formal charge = 6 — %2(6) -2 = +1

For sulfur: Isolated sulfur valence electrons

(2 lone pairs) Bound sulfur bonding electrons

Bound sulfur nonbonding electrons
Formal charge =6 — %4(6) -4 = -1
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Chapter 7 - Covalent Bonding and Electron-Dot Structures

For nitrogen: Isolated nitrogen valence electrons 5
Bound nitrogen bonding electrons 6
Bound nitrogen nonbonding electrons 2

Formal charge =5 - '2(6)-2=0

molecular weight =22 _196=9
empirical formula weight  47.07 '
The molecular formula is S,N,. Two possible structures are shown here.

(c) Multiple =

o8 L 1] (4]

N=S N—Nz
| |l
=QS._ ..: O.—QS.:
7.111 (a) . - :0—H
[5-n] '

(b) The oxygen in OH has a half-filled 2p orbital that can accept the additional electron.
Fora2porbital,n=2and /=1.

(c) The electron affinity for OH is slightly more negative than for an O atom because
when OH gains an additional electron, it achieves an octet configuration.

7.112 (a) (4 orbitals)(3 electrons) = 12 outer-shell electrons
(b) 3 electrons
(c) 15°25°2p%  :X:
(d XX

7.113 (a) -

All formal charges are zero except for the two single bonded oxygens which each have a
formal charge of -1.

(b) Each Cr atom has 6 pairs of electrons around it.

Copyright © 2020 Pearson Education, Inc. 177



