THE BASICS: BONDING AND
MOLECULAR STRUCTURE

SOLUTIONS TO PROBLEMS

Another Approach to Writing Lewis Structures

When we write Lewis structures using this method, we assemble the molecule
or ion from the constituent atoms showing only the valence electrons (i.e., the elec-
trons of the outermost shell). By having the atoms share electrons, we try to give
each atom the electronic structure of a noble gas. For example, we give hydrogen
atoms two electrons because this gives them the structure of helium. We give car-
bon, nitrogen, oxygen, and fluorine atoms eight electrons because this gives them
the electronic structure of neon. The number of valence electrons of an atom can
be obtained from the periodic table because it is equal to the group number of the
atom. Carbon, for example, is in Group IVA and has four valence electrons; fluo-
rine, in Group VIIA, has seven; hydrogen, in Group 1A, has one. As an illustration,
let us write the Lewis structure for CH;F. In the example below, we will at first
show a hydrogen’s electron as x, carbon’s electrons as 0’s, and fluorine’s electrons as
dots.

Example A

3HY, °¢°, and F are assembled as

HES?E: or H:C:F:
H H

If the structure is an ion, we add or subtract electrons to give it the proper charge.
As an example, consider the chlorate ion, ClO;~.

Example B

3(:3:1-, and 202 and an extra electron x are assembled as

0036: (-1} ) .o :Q: .e )
30:Cl:Qs| ©f :0:C1:0:

00 e oo
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1.1 !¥N, 7 protons and 7 neutrons; 15N, 7 protons and 8 neutrons
1.2 (a) one (b) seven () four  (d) three  (e) eight (f) five

13 @0 BN (o .(d) S

1.4 (a) ionic  (b) covalent  (c) covalent  (d) covalent

B :Cl:
15 | . [ .
. (a)H—(|3—E= b H—(lj—(_:_lz
H :Ql:
i
1.6 H—cl:—Q—H
H
Ij_I .-ﬁ'.
1.7 H—(IS—C—H
H
18 (a) H—F: (d) H—0—N=0 ®) H—Q—lf—Q'—H
O—H
() F—F ® H—0—S—0—H () H—0~ “M0—H
H H N

.. |
© H—|c—§: () | —B—H

H H

19 :0—P—0:"




THE BASICS: BONDING AND MOLECULAR STRUCTURE

i
110 (a) H—(I:—(:j:‘ (©) ":C=N:
H .
o
. _ //
(b) H—II‘I= (d) H—C\
H @:):‘
i T
111 (@ H—C—C* (d) H—C—H
[\ |
H H
H H
- L1,
(b) H——(l)—H © H—(l:—II\I—H
H H H
’.ﬁ.‘ H_.IOLH
© _C_ (f) H—?—H
H ) H
H H H

Jneggtond in]
1.12 H—(IZ—Q—CIJ—(IZ‘——H
H H H

i
113 CH3CHCH(|3HCH3 or
CH; CH,

CH;
114 (a) éH

CH;” cu;y

CHj; =

CH;

|
(b) CH CH, =
CHy” cu;’  OH

.'O'.
g
(© H—07 N0.-

(f) H—C=cC:"

(g H—C—C=N:

(h) H—C—N=N:

(CH3),CHCH(CH3)CH(CHz),

PN
)\/\OH

3



Rk

0
(8) g CH CH =
2 3
cH;. “cH;  cHy
Ci CH;
®  n _tn - 7
CHy” “cH; CH, /K)\

1.15 (a) and (d) are constitutional isomers with the molecular formula CsHy,.
(b) and (e) are constitutional isomers with the molecular formula C;H,;,0.

(c) and (f) are constitutional isomers with the molecular formula Cg¢Hjs.

H
H H \C/H
-

HCHHOH lg N, CC
L B2\ TR H
116 (a) H—(I:—(lj—-(':—(lj—c—?—n © (l: cIJ H
H HHH H Hic (-H
/ N\
H H
0—H
H H\C/
(b) H\I C/H
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117 (a) (l: (Note that the Cl atom and the three H atoms

1.18

1.19

q \" H may be written at any of the four positions.)

(b) I or I and so on

‘ and others (d) H (|: cl and others
Br~ \""H /
H H

aO—

4
(a) H— C\ <> H—C
.0~
(b) and (c). Since the two resonance structures are equivalent, each should make an equal

contribution to the overall hybrid. The C—O bonds should therefore be of equal length (they
should be of bond order 1.5), and each oxygen atom should bear a 0.5 negative charge.
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Ies:

CH CH
© (j : @ : [::] - [ ]
2 CH
2
+ +

ot

CH

ot

iy
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:ﬁ'. :‘?
—/C\ /C\
) H,Cy "CH; <—> HC CH;
ol'n =
[
& .C R
H,C~ CHj

.q + +
(g) CH3—S —CH2 e S TR CH3’—§ =CH2

ot ot
CH3—8===CH,
- O~ O-

+C/:)v' 2+/

(h) CH;—N <—> CH3;—N <—> CH;—N
Xo- X _
o (minor)
o¥
+/
CH;—N
\ 5
(0]
N iy
121 (a) H N. . H Ly
e \CH3<—> ~ C/If\ CH, CH;=N(CH3); because all atoms
l
H i
have a complete octet (rule 3), and there are more covalent bonds (rule 1).
. O" :6: - . O.' .
15 / /  because it has no charge

(b) CH3— C\ > CH3_C\\ CH;— C\ separation (rule 2).

Co—H O-—H :0—H

(c) &-H?—CEG‘\E - ItIH2=C= N‘ :NH,— C=N: because it has no charge
separation (rule 2).

1.22 (a) Cis-trans isomers are not possible.

CH H
(b CH;  ,CHj CH;
=c and =<

H H H CH;

(c) Cis-trans isomers are not possible.

(d) CH3CH2\ /Cl CH3CH2\ /H
/ N\ / N\
H H H al
123 sp?

1.24 sp?
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125 sp?
1.26 sp _
127 (a) / BN There are four bonding pairs. £ 3
H= \H The geometry is tetrahedral.
(b) F— Be— F There are two bonding pairs about
the central atom. The geometry is linear.
© H T
',I]\I There are four bonding pairs.
HZ//->H The geometry is tetrahedral.

(d) @

There are two bonding pairs and two nonbonding pairs.

—S . .
H™/ % The geometry is tetrahedral and the shape is angular.
H . .
(e) | There are three bonding pairs. The geometry
_B__ is trigonal planar,
H H
®
C \ There are four bonding pairs around the central
F/"/\F atom. The geometry is tetrahedral.
® I
'S|1 There are four bonding pairs around the central atom.
FZj->F The geometry is tetrahedral.
(b) @ il There are three bonding pairs and one nonbonding pair
o around the central atom. The geometry is tetrahedral and
Cl// AN 1 the shape is trigonal pyramidal.
Cl
F 12795’> £ F
1.28 (a) /C=C\)120° trigonal planar at each carbon atom
F F
180° 180°

(b) CH;£C=C—CH; finear () HXCEN:  linear




1.29

1.30

1.31

1.32
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Problems
Electron Configuration

(a) Na™ has the electronic configuration, 1522522p5, of Ne.

(b) CI” has the electronic configuration, 1522522p53523p6 of Ar.
(¢) F* and (h) Br* do not have the electronic configuration of a noble gas.
(d) H~ has the electronic configuration, 152, of He.

(e) Ca?* has the electronic configuration, 1525%2p3523p5, 6f Ar.

(f) S?" has the electronic configuration, 1522522p63523p6, of Ar.

(2) O has the electronic configuration, 15s22522p5, of Ne.

Lewis Structures
(@) g ®) :Cl 1ll : () Cl\l/q: @ H—6—N
a) . v :Cl—P— - —0—
':gl/..\.Cl: .s I e / \CI.. oe \ .
’ :Cl: ) N0
.'lol'. .'IOI°.
(a) CHs—é—lsl—ééf © o—ﬁ—o
0.~ 0.
O:~ o
(b) CH;—S—CH, (d) CH;—S—0:~
"6/H -
1 4N 0
(@ 5 ® © FM
H + / oZ s~ +Br :Cl:
N l e by
N
N
s ST
~ .
d B Br:
() /—M"r (e) /O\/”\/E\
N
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Structural Formulas and Isomerism

1.33 (a) (CH,),CHCH,0H ©) HZ(!:——(le2
HC=CH s
.‘ﬁ‘.
(b) (CH3),CHCCH(CHy),  (d) (CH;),CHCH,CH,0H

134 (a) C4H,,0 () C4Hg
(b) C;H,,0 (d) CsH;,0
1.35 (a) Different compounds, not isomeric (i) Different compounds, not isomeric
(b) Same compound (j) Same compound
(c) Same compound (k) Constitutional isomers
(d) Same compound (1) Different compounds, not isomeric
(e) Same compound (m) Same compound
() Constitutional isomers (n) Same compound
(g) Different compounds, not isomeric (o) Same compound
(h) Same compound (p) Constitutional isomers

o . OH
1.36 (a) /\/U\ @ /W
)] (&) A" or W

(c) >k/\/OH )
137 — R N
O >—




T
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H o H -
1.38 | +7 | +/
H—C—N <——>» H—C—N
LN RN
H O H .0 5
.‘(”)'.
H—O—C—T—H
H

H—?—@-N=q

H (Other structures are possible.)

0
Va
-~
.v@A
H,

N. -
1.40 \fi’ P~ \W/\E:j/
' . /I-S\

e

Resonance Structures

1.39

141 (a) %O/ ) _:AQ_,_/
‘O™ :0: :0:
(b) /l{/\ -~ /k\/\ -~ /l\/+\
+ N +
© MNHZ SH = > ANH, = Mllmz

o -f,)+
m)/“E; -~ /“Ei -~ /&ET

(C)M+<—>//\Y\_F/\<——*+\\

:0: O: ()
e -~
® }L.,o,/ o So7
L:O: :0: :0:
) /U\N e e . ’;\I g < ~ iI _
| l l
(0) (0} O







