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I+ 1-

3.5

III
1- 2+ l-

.N-O-C:\.
l- 1+

.N-o-c-N:
2+ l- l-

:N:O-C:I$.

Structure IB is best by the formal charge criterion, with no formal charges, and is expected

to be the most stable. None of the structures II or III are as good; they have unlikely charges (by

electronegativity arguments) or large charges.

,, l- l- r! 2- rr r+lr . a-N-N-y: <+ .)_--x-y: <+ :)-\:.-.'
The first resonance structure, which places the negative formal charge on the most

electronegative atom, provides a slightly better representation than the second structure, which

has its negative formal charge on the slightly less electronegative nitrogen. Experimental

measurements show that the nitrogen-nitrogen distance (112.6 pm) in NzO is slightly closer to

the triple bond distance (109.8 pm) in Nz than to the double bond distances found in other

nitrogen compounds, and thermochemical data are also consistent with the first structure

providing the best representation. The third resonance structure, with greater overall magnitudes

of formal charges, is the poorest representation.

3.6

3.7

'b:
/

H_O_N <+
\.
'.9j'-

Molecule Atom Group
Number

Unshared
Electrons ^( re"lz^*r,

Number of
Bonds

Formal
Charge

C=O C 4 2
( tstt \

^l 
| 

^oa- \z.s+q+3.6t)
3 -0.49

o 6 2 ^( 3.6r ),,-Zl-l=L,rt
\2.544+3.61)

J 0.49

N:O N 5 4 )( 3.066 )=no,- \:.ooe + l.otl
2 -0.84

o 6 4 2 -0.16

H-F H 0 2( 2'3oo l=o.tt
\ 2.300 + 4. I 93l

I 0.29

F 7 6 1( 4.1e3 )='ro'\z.zoo+q.D,
I -0.29

Surprisingly, CO is more polar than FH, and NO- is intermediate, with C and N the negative

atoms in CO and NO-.
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POCI3 is a distorted tetrahedron. The Cl-P-Cl angle is

compressed to 103.3' as a result of the phosphorus-oxygen
double bond.

IO+- is tetrahedral, with significant double bonding;
all bonds are equivalent.

IO(OH)5 has the oxygens arranged

on five of the six oxygens.
octahedrally, with hydrogens

o

tl
-s

'l;7

3.10

d.

o

tl

g. SOCI2 is trigonal pyramidal, with one lone pair
and some double bond character in the S-O bond.

h. CIOF+ is a square pyramid. The double bonded O - ll
and the lone pair occupy opposite positions. >+-...:

I

The F-Xe-F angle is nearly linear (174.7o), with the I
two oxygens and a lone pair in a trigonal planar configuration. o..---.--l
Formal charges favor double bond character in the Xe-O bonds. n/n'- '
The O-Xe-O angle is narrowed to 105.7o by lp-bp repulsion. I

F

^./U
I
IrlD
' - _ -'-t

-/ "\,.rnrlr
I

a. SOF6 is nearly octahedral around the S.

b. POF3 has a distorted tetrahedral shape, with F-P-F angles

of 101.3'.

o

ll

oy'tt\o
d.

'l;7'\.,
o
il

s6-.....11-----oH

"o/i\onI

o
H

NOz is another odd electron molecule, bent, with parlial double bond ^r'n\*
characterand an angle of 134.25". This is larger than the angle of ClOz O- -o

because there is only one odd electron on N, rather than the one pair and single electron

of cloz' 
's-s, 1J-

SzO+2-has SOz units with an angle of about 30o ,,t I i\
between their planes, in an eclipsed conformation. o J o f,

nr/
\l/

';;l'\,
c. ClOz is an odd electron molecule, with a bent shape, partial double bond

character, and an angle of Il7 .5".

N-N.I \''

e.

NzH+ has a trigonal pyramidal shape at each N, and a gauche
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.'5.'
110.9"

,zo\ .. ^.zo\-,,H-.c(*--)cH: H:Si--, t'-SiH:
I I 1.8' 144.1"

As the groups attached to oxygen become less electronegative, the oxygen atom is better able to

attractshared electrons to itself, increasing the electron-electron repulsions and increasing the

bond angle. In the case of O(SiH3)2, the very large increase in bond angle over O(CH3)2 suggests

that the size of the SiH3 group also has a significant effect on the bond angle.

3.15 C:Oz has the linear sttucture O:C:C:C:O, with zero formal charges'

N5* with the same electronic structure has formal charges of 1-, l+,
1+, 1+, 1-, unlikely because three positive charges are adjacent to

each other. Changing to N:N:N-N=N results in formal charges of
1-, 1+, 0, l+, 0, a more reasonable result with an approximately
trigonal angle in the middle. With triple bonds on each end, the

formal charges are 0, 1+, 1-, 1+, 0 and a tetrahedral angle. Some

contribution from this would reduce the bond angle.

':,zN-,1* 
.

'-.,,2t' ^ 
t-\.,

-.\ 
| l\..

I
I

V

l-+
-'l,, N':../- \,1-

.^4'' 
tr\N.

-1-
\I

^2"\^
"oz' | '\o.i

I
I
I

V

l-p
-'t

N_./'\^
,.n/t t\o:.

OCNCO* can have the structure O=C-N-C=O, with formal

charges of 1+, 0, 1-, 0, 1+ and two lone pairs on the central N.

This would result in an even smaller angle in the middle, but has

positive formal charges on O, the most electronegative atom'

O:C:N-C=O has a formal charge of l+ on the final O.

Resonance would reduce that formal charge, making this structure

and a trigonal angle more likely. The Seppelt reference also

mentions two lone pairs on N and cites "the markedly
higher electronegativity of the nitrogen atom with respect to the

central atom in C:Oz, which leads to a higher localization of
electron density in the sense of a nonbonding electron pair."
Therefore, the bond angles should be OCCCO > OCNCO-;' Ns".

130.7", and 108.3 to 112.3" (calculated), respectively.
Literature values are 180o.

3.16 L.

In ethylene, carbon has p orbitals not involved in sigma bonding. These orbitals interact

to form a pi bond between the carbons, resulting in planar geometry. (Sigma and pi

bonding are discussed further in Chapter 5.) In hydrazine each nitrogen has a steric

number of 4, and there is sigma bonding only; the steric number of 4 requires a 3-

dimensional structure.

\^_^./
,/t -t\

H H-'\ i'\l/N-N\
/ \'./ \HHHH
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Chapter 3 SimPle Bonding Theory

3.21 I(CF3)CI2 is roughly T-shaped, with the two cl atoms opposite each other and cl
the cF: g.oup und two lone pairs in the trigonal plane. The experimental I
CI-I-C angles are 88.7o ind 82.9", smaller than the 90o expected if there 

"-- ;l-C,p.
were no extrarepulsion from the lone pairs. Repulsion between the lone pairs '.- \ 

-- J

and the larger Ci3 group put them in the trigonal plane, where there is more L
room.

3.22 z. CF: has a greater attraction for electrons than CH3, so the P in PF2(CF3)3 is more

porltiu. than the p in pFz(CH3)3. This draws the F atoms in slightly, so the P-F
bonds are shofter in PFz(CF:): (160.1 pm vs' 168.5 pm)'

b. Al-O-Al could have an angle near 109o, like water, or could have double bonds

in both directions and a nearly linear structure. In fact, the angle is

about 140o. The single-bonOld picture is more probable; the high igi
electronegativity of O compared to Al draws the bonding pairs 

. Al/ \Al.
closer, opening up the bond angle. A Lewis structure with zero

formal .hu.g.r on all atoms can be drawn for this molecule with four electrons on each

Al.

c. cAl+ is tetrahedral. Again, a Lewis structure with zero formal

charses can be drawn with four electrons on each A1'

AI

I

,1;z'\,.
The distorted structures have the smallest outer atoms in

comparison with the size of the central atom. In these cases

there apparently is room for a lone pair to occupy a position

that can lead to distortion. In the octahedral cases there may

be too much crowding to allow a lone pair to distort the shape'

F

. a tt-"
I

F

3.23 Octahedral
SeClo2

TeClo2

clF6
lFo

3.24

D

I
I

.'----__! rr_r
-lXe- \:CCH-1

ovl
I

F

In FzOXeN=CCH3 the nitrogen-xenon bond is weak; see the reference for details on bond

distances and angles'

3.ZS a. O is more electronegative than N and can draw the electrons more strongly away from

the S. The -or. poritiue S in OSCI2 cons€Quently attracts bonding pairs in S-Cl bonds

closer to sulfur, increasing bp-bp repulsions and increasing the CI-S-CI angle (96.2" in

OSClz, 93.3" in NSCI2-)'

b. Because the sulfur in OSCIz attracts the S-Cl bonding pairs more strongly, these bonds

are shofter: 207.6 pm in OSClz, 242'3 pm in NSCIz-'
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Chapter 3 Simple Bonding Theory

3.32 By the LCp approach, from the structures of HOH and FOF the hydrogen radius would be

76 pm(half of the H.'.H distance) and the fluorine radius (half of the F"'F distance) would be

110 pm. Because the LCP model describes nonbonded outer atoms as being separated by the

sums of their radii, as if they were touching spheres, the H"'F distance in HOF would therefore

be the sum of the ligand radli,76 + 110: 186 pm, in comparison with the actual H"'F distance

of 1g3 pm. If the covalent O-H and O-F bonds in HOF are similar to the matching distances in

HOH and FOF, the H-O-F angle must be smaller than the other angles because of the H"'F
distance.

An alternative explanation considers the polarity in HOF. Because of the high 6*./o\
electronegativity of fluorine, the F atom in HOF acquires a parlial negative "' \ 6-

charge, which is attracted to the relatively positive H atom. By this alproach, 
I1'- - - - - - -\F

electrostatic attraction between H and F reduces the bond angle in HOF, giving it the smallest

angle of the three comPounds.

3.33 The electronegativity differences are given in parentheses:

d. O-Cl O is negative (0.741)

e. P-Br Br is negative Q'a32)

f. S-Cl Cl is negative (0.280)

The overall order of polarity is O-Cl > N-O > C-N > P-Br > S-Cl > C-I'

a. C-N N is negative (0.522)

b. N-O O is negative (0.544)

c. C-I C is negative (0.185)

3.34 a. VOCI3 has a distorted tetrahedral shape,

with Cl-V-Cl angles of 111", and

CI-V-O ansles of 108'.

o

tl

'li/ i
pcl: has a trigonal pyramidal shape with cl-P-cl angles of 100.4'

SOF+ has a distorted trigonal bipyramidal shape'

The axial fluorine atoms are nearly linear with
the S atom;the equatorial F-S-F angle is 100"'

SO: is trigonal with equal bond angles of 120"'

"Jz'\.,
F

\F-_ l

,2s,-o^l
r

o

il

orl"\o
ICI: would be expected to have two axial lone patrs, causlng

distortion to reduce the Cl (axial)-I-Cl (equatorial) angles to

< 90o. However, reaction of Iz with Cl2 yields dimeric I2Cl6,

which readily dissociates into ICI and Clz.

CI

l:>i-.'
\
CI
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I

SnCl2 has a bond angle of 95o in the vapor phase, smaller than the J"
trigonal angle. As a solid, it forms polymeric chains with bridginE Ct/ \at
chlorines and bond angles near 80"'

KrFz is linear: F-KI-F. VSEPR predicts three lone pairs on krypton in equatorial

positions, with the fluorine atoms in axial positions.

IOzFs2- has a steric number of 7 on iodine, with oxygen atoms occupying axial positions.

3.36 Polar: VOC13, PCl3, SOFa,ICl3, CFzClz

3.37 Polar: PH3, H2Se, SeFa,IF5, XeO3, BFzCl, SnClz

h.

j.
1_o -l-

tl

'<.|,>'\-/ll\-'l
'----li----'

o

3.38 L. The H-O bond of methanol is more polar than the H-S bond of methyl mercaptan'

As a result, hydrogen bonding holds the molecules together and requires more

energy for vaporization. The larger molecular weight of methyl mercaptan has a

simiiar effect, but the hydrogen bonding in methanol has a stronger influence'

b. CO and N2 have nearly identical molecular weights, but the polarity of CO leads to

dipole-dipole attractions that help hold CO molecules together in the solid and liquid

smtes.

c. The ortho isomer of hydroxybenzoic acid can form

intramolecular hydrogen bonds, while the meta and para

isomers tend to form dimers and larger aggregates in their

hydrogen bonding. As a result of their better ability to

form hydrogen bonds between molecules (intercnoleculat

hydrogen bonds), the meta and para isomers have higher

melting points (ortho, 1 59" ; meta, 20I.3' ; p ara, 21' 4-
215").

H Intramolecular

d.

ox^_-l f 
hYdroeenbond

!'Hll
d/oV

The London (dispersion) forces between atoms increase with the number of electrons,

so the noble gases with Iarger Z have larger interatomic forces and higher boiling points.

Acetic acid can form hydrogen-bonded dimers in the gas o-H- - - -o

phase, so the total number of particles in the gas is haif H.c-/ \.-.".
the number expected by using the ideal gas law. \ - _ _"_J


