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10.1 Valence-Shell Electron-Pair Repulsion (VSEPR) Model
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Molecular Shape
AX, Tetrahedral
(e.g., CH,)

All bond angles
109.5°

AX;E
Trigonal pyramidal
(e.g., NH,)
Bond angle
less than 109.5°

AX,E, bent
(e.g., H,0)
Bond angle

less than109.5°
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Number of Number of Molecular Shape
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(Q) Predict the geometry of the following molecules or ions, using
the VSEPR method:

a. BeCl, b. NO,~ c. SiCl, d. ClO;™ e. OF,

f. TeCl, g. ICl;

» Applying the VSEPR Model to Larger Molecules
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10.2 Dipole Moment and Molecular Geometry

v dipole moment is a quantitative measure of the degree of

~of the polarity of the molecule
g = positive charge pm=q X d

— @ = negative charge

d =distance

10.43 AsF; has a dipole moment of 2.59 D. Which of the following

geometries are possible: trigonal planar,* or T-
shaped? ot



v dipole moment of HCl is 1.08 D.

v" Sl units: coulomb x meter (C-m) o
v 1D =3.34x10-% C'm WA
57 28T & ol >0
o\ QO\Q{CM’\QO O
Q== N >IN
<—+ +—> Dbond dipole H H H H

Table 10.1 Relationship Between Molecular Geometry and Dipole Moment v—" \5\’\9\ QQU\Q/\L
Formula Molecular Geometry Dipole Moment* \)QQ'\ ~ O
AX Linear Can be nonzero éle‘S/ j\")

A Q\(

AX, Lipeap ™" r s e e o o i " ’)m ; N :
Bent Can be nonzero gf") pd
AX; Trigonal planar Zero ’\’?

Trigonal pyramidal Can be nonzero
T-shaped Can be nonzero )‘[
AX, Tetrahedral Zero
SR S S—.
Seesaw ™Yl Can be nonzero
AXjs Trigonal bipyramidal Zero
Square pyramidal Can be nonzero 12

AX, Octahedral Zero



Exercise 10.4 Which of the following would be expected to
have a dipole moment of zero? Explain

a. SOCI, . SiF, c. OF, g

(Q) Explain why the dipole moment of NF; = O.ZﬁD, while that of
NH3 =147 D W\%\ Q\Q’é(fb‘*\msq\'\\’(\“}xs'f

10.45 Which of the following molecules would be expected
to have zero dipole moment on the basis of their geometry?
CS, TeF, SeCl, XeF,
10.46 Which of the following molecules would be expected

to have a dipole moment of zero because of symmetry?

‘ BeBr, H,Se AsF, ‘ SeF¢
» Effect of Polarity on Molecular Properties
S A N R
“a s BaN L
/>C=I=c<\ /}C—C{\
Cl Cl Cl H

&»l ,2-Dichloroethene >lrc&- |.2-Dichloroethene
ipole moment: 1.9D 0D
P (°C) ding 060t 60.2 > 485
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10.3 Valence Bond Theory

» Basic Theory

A bond forms between two atoms when the following conditions
are met: N7\

i

The orbitals containing the electrons @Vériap.
The sum of the electrons in both orbitals is no more than two.

4 b 00— @
1s’ 1s? > Total 2e in the newly formed H, orbital 1. s Is 1y
H H H,

He + He - He, (does not occur)
1s? 1s? - Total 4e (XXXXX)

v M
v To obtain maximum overlap, orbitals qth\er th bond aAly in

> Bonding in HCI w—'

H: 1s?' Cl:1s22s22p%3s23p°
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» Hybrid Orbitals

v Bonding in CH, ] ® ® - . X X
_p_ /—/i _l)— —— —
_~~ promotion
2 0 J‘A 25 Q

5
ed
g : @ @
\ \ ON b‘_j}} ES e S w—
Q_\éﬁ\QJ\")§ , N G},} C atom C atom
/@3 N /‘)Qﬂ(i‘b &;"“S\ T ND (ground state) (promoted)

v Experiment shows that the four C-H bonds in CH, are
identical. This implies that the carbon orbitals involved In
bonding are also equivalent.

v' 2 Hybrid orbitals are used



]

N

z g 1y,

= S e 1S s
C atom C atom
(ground state) (hybridized)

v' The number of hybrid orbitals formed always equals the number
of atomic orbitals used.
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v Shape of a single sp? hybrid orbital.

Oftes g 0Nel\o®

v Four hybrid orbitals are arranged tetrahedrally in space. (Small
lobes are omitted here for clarity, and large lobes are stylized
and greatly narrowed for ease in depicting the directional
bonding.)

v Bonding in CH,.

v' Each C—H bond is formed by the overlap of:

v' 1s orbital from a hydrogen atom + on* hybrid orbital
H of the carbon atom.
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v" Number of hybrid orbitals formed =
number of atomic orbitals used.

PR
S+p—2>2Xsp >
s+ 2p 2 3 X sp? =
s+ 3p > 4 X sp?

+
~ ZAxis
(; GRS S'SQL%Q‘\
Table 10.2 Kinds of Hybrid Orbitals
rid Orbitals Geometric Arrangement Number of Orbitals Example

Be in BeF,
B in BF;
Cin CH,
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How to figure out the hybridization via Lewis structures !
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» More Than Eight Electrons About a Central Atom
PF5; = spd



» Hybridization in BF;
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» Hybridization in H,O S
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10.4 Description of Multiple Bonding

v More than one orbital from each bonding atom might overlap
v One hybrid orbital is needed for each bond (whether a single or
a multiple bond) and for each lone pair

» Bonding in ethylene H,C=CH,

_p@ Q S 2/)@
H H
AN / . ®0 ®
/C:C\ | 7 @ STI” s s e
H J \l H S — -
L =
L o
6() /‘\ z?L QPi— é ls ! ls 9
e P D % % g\?" C atom C atom
'\\ S (ground state) (hybridized)
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The formation of a ¢ bond by
the overlap of two s orbitals.

o
\w‘*)\h)\ 5

o V™

A ¢ bond can also be formed
by the overlap of two p orbitals
along their axes. =

When tw‘ rbitals
sideways, a s bond is formed.

in R ovev\op 14 fuss
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> Bonding in acetylene H—C=C—H

| .o @‘P &/
7
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(Q) Describe the bonding on a given N atom in dinitrogen
difluoride, N,F,, using valence bond theory.

N i

7 \YOP ~ a‘\
(s 7 ot
77 }577 BRI\ O
) O'J\ ¢
= = = —~~N=Nm
|/“ /f ) (4 ) (1) (1 v\,f'/
D s i s 2 e 2 e
D © 4 D00
|T$/ 81)-; ; o— SP-A ; _\
28 ——— \ N=N 0
N—Fo
e —— — lone pair
o
3 — — —
g ® ® @
= 1 L ot £l
N atom N atom N atom
(ground state) (hybridized) (in N,F,)
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10.53 || Carbonyl fluoride, COF,, is an extremely poi-
sonous gas used in organofluorine synthesis. Give the va-
lence bond description of the carbonyl fluoride molecule.
(Both fluorine atoms are attached to the carbon atom.)
o Nitrogen, N,, makes up about 80% of the earth’s
atmosphere. Give the valence bond description of this
molecule.

1054 HN=NH 10.55 HCN

\C —C/ \C —C/
/ N / N,
H H H Cl
’l .2-Dichloroethene ’ 1.2-Dichloroethene




v' cis and trans isomers of N,F, Q

E
< VA \
ey ST TN ey
N\

F F F

<, trans < cis

v’ Lack of geometric isomers in 1,2-dichloroethane

S

. Because of rotation about
the carbon-carbon bond
in 1,2-dichloroethane,
geometric isomers are
not possible.

pictured at the left can be
twisted easily to give the
molecule pictured here.

( A'!‘rn N

\
0 e =f
| Note that the molecule <\ }/ @
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Main-Group Elements
s subshell fills

r N
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Atomic number
Symbol
Valence-shell configuration

Transition Metals
d subshell fills

Main-Group Elements
p subshell fills
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Inner Transition Metals
f subshell fills
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