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Chapter 9 Section 1 Chapter 9  Section 1
o Molecular Geometry o Molecular Geometry
o JValence Shell Electron-Pair Repulsion (VSEPR) model o The VSEPR model is based on the assumption that:
helps to determine the molecular structure and geometry Bonding and nonbonding electron pairs in the
in 3-D in the space. valence shell are positioned around the central atom
o Even though it is not as precise as other models, the such that electron-pair repulsions are minimized.
VSERP model is a simple, extremely useful model.
o A central atom can be surrounded by:
o The VSEPR model deals with molecules of the general Bonding pairs (B)
type: AB can be single, double or triple bonds dEleCtr.(m
X Lone pairs (E) omarns
where the central atom A is surrounded by x of B atoms,
and x can take values from 2 to 6. ABX Ey
) where the number of electron domains = x + y
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Counting Electron Domains

o A central atom can be surrounded by:
Bonding pairs (B)

Chapter 9 Section 1

Counting Electron Domains

o A central atom can be surrounded by:
Bonding pairs (B)

Dr. A

2 Linear
<
2
83
o E }
5§ 3 Trigonal planar
s §
o
KR
2y
g
}%’ 4 Tetrahedral

can be single, double or triple bonds Elecnton Can be single, double or triple bonds Elemrfm
. domains . domains
Lone pairs (E) Lone pairs (E)
.
H .
oo oo L1 oo N
$Cl— BeCIg w | 0=—Cc=—0 H—N—H
(1] o0 :F - Ci F: LL] L]
L] oo H

o S . — &
25 5
= =
] 2 4 2 i 4 5

2 3

5 5
Dr. A. Al-Saadi Dr. A. Al-Saadi

Chapter 9  Section 1 Chapter 9  Section 1
° Arrangement of Electron Domains around Y Arrangement of Electron Domains around
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Che 9 s 1 o 0 e ) Lewis Electron- Molecular
pter s meeton Shapter g ecton structure domain geometry

([ J geometry

e Steps of Determining Molecular Geometry Molecular Geometry
1. Draw the molecule’s Lewis structure. 180°
2. Count the number of electron domains on the central . 1800 /a—
atom. AB, $Cl—LBeCI3 g, o Q
3. Determine the electron-domain geometry. T
4. Determine the molecular geometry.
- 120° o 120°
:F: / /
Lewis Electron-domain Molecular AB; ]Lw = :w
structure geometry geometry .o .o v p
Lok 6 O
i A AL Saadi 5 DA Al S Trigonal planar

Chapter 9 Sec ! Lewis Electron- Molecular Chater 9 Section 1 Lewis Electron- Molecular
Sapter s ecton structure domain geometry apter B section structure domain geometry

) geometry ) geometry
Molecular Geometry Molecular Geometry
R Is there another possible orientation that
eFe 90° can further minimize the repulsion
between the four electron domains O
ABs| ¢ d the C atom?? La
SF —C Fe around the C atom?? i PCl
oo . Trigonal e 9 5
‘ bipyramidal ' 20 ¥
“c
109.5°
€L
Ocahedral . SFs

109.5°

F Tetrahedral
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Chapter 9 Section 1 Chapter 9 Section 1
e Molecular Geometry for AB, Molecules ® Molecular Geometry for AB, Molecules
# of atoms # lone
) bonded to central  pairs on Electron-domain ~ Molecular
/_.'| ~. I Class atom central atom geometry geometry
L) L) { W ‘- . .
— g VAN <X AB, 2 0 linear linear
G trigonal trigonal
. . . AB; 3 0
Linear Trigonal planar Tetrahedral planar‘ planar‘
o s , 1 AB, 4 0 tetrahedral tetrahedral
T - . .
o S 1.9 A trigonal trigonal
= S Bs 5 0 bipyramidal bipyramidal
1800 = - /1 ,‘/l
109.5° i ABg 6 0 Octahedral ~ Octahedral
Trigonal Octahedral
bipyramidal
Dr. A. Al-Saadi 13 Dr. A. Al-Saadi 14
‘habter 9 Sec S . Lewis Electron- Molecular
Chapter 9  Section 1 Chapter 9  Section 1 Structure domain geometry
geometry
¢ Other Subclasses of Molecules ¢ AB,E Class Molecules
# lone # bonding Total # of
Main Other i i 1 lect woo= =
pairs on pairs on centra electron o SO I0—8=0 w—p O=8—0):
Class subclasses central atom atom domains : 2—8=Q =—0
ABZ None B - « Arrangement of the electron Molecular geometry is
AB3 A BZE 1 2 3 domains is trigonal planar. V-shaped or bent
Electron
AB, AB;E 1 S 4 bonding pairs & [ ]
AB,E, 2 2 4 ®
AB; AB,E 1 4 5 \ [ipS
AB;E, 2 3 5
AB.E 3 2 5 Electron lone
2=3 pair
AB, ABSE 1 5 6
, AB,E, 2 4 6 Dr. A AlSaadi L
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Chapter 9 Section 1 Chapter 9 Section 1
® The Geometry of AB; Class Molecules ° AB,E Class Molecules
# of atoms # lone .
. bonded to central  pairs on Electron-domain ~ Molecular o NH, H—N—H
Class atom central atom geometry geometry ‘
Trigonal Trigonal "
AB 3 (0] 19 19 « Arrangement of the electron .
3 planar planar domains is tetrahedral. MOle'CU’lar geometl:y 1s
Trigonal Pyramid
AB.E 2 1 Trigonal  V-shaped /
z planar bent
Dr. A. Al-Saadi Dr. A. Al-Saadi 18
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o AB,E, Class Molecules ® Geometry AB; and AB, Class Molecules
. # of atoms # lone
o H0 H—0—H bonded to central  pairs on Electron-domain ~ Molecular
Class atom central atom geometry geometry
* Arrangement of the electron . Trigonal Trigonal
domains is again tetrahedral. Molie;hllti;l;geoorfr;eet;})f/ 18 A B3 3 0 pl(?nar‘ plc?nar‘
AB.E 2 1 Trigonal  V-shaped /
2 planar bent
AB, 4 0 tetrahedral tetrahedral
AB3E 3 1 tetrahedral T'"'9°'.‘°'
pyramidal
AB,E, 2 2 tetrahedral V-shaped /
bent
Dr. A. ALSaadi 19 Dr. A. ALSaadi 20




27-Nov-11

Chapter 9  Section 1 Chapter 9 Section 1
e Geometry of Subclasses of AB; Molecules ® Geometry of Subclasses of AB; Molecules
Class iy e # of atoms # lone
o ) bonded to central  pairs on Electron-domain ~ Molecular
ABs %ﬁ' o Class atom central atom geometry geometry
AB, 5 0 'Tr'lgon.al .Trlgon'al
v PCly bipyramidal bipyramidal
AB,E ?5“' AB,E 4 1 Trigonal See-saw
{ bipyramidal
ABSE, 3%« ; »
. @
AB,E; %&) 3 @
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Chapter 9 Section 1 Chapter 9 Section 1
e Geometry of Subclasses of AB; Molecules e Geometry of Subclasses of AB; Molecules
# of atoms # lone # of atoms # lone
bonded to central pairs on Electron-domain ~ Molecular bonded to central pairs on Electron-domain ~ Molecular
Class atom central atom geometry geometry Class atom central atom geometry geometry
AB, 5 0 .Tr*lgon_r.xl _ngongl AB, 5 0 _ngongl .Trlgon_al
bipyramidal bipyramidal bipyramidal bipyramidal
ABE 4 1 Trigonal 500 gaw ABE 4 1 Trigonal g0 saw
bipyramidal bipyramidal
ABE, 3 2 Trigonal ¢ qpaped ABE, 3 2 Trigonal g aned
bipyramidal bipyramidal
F
| e, Trigonal 2
F—Cl® AB,E, 2 3 bi gon ’ v @
[ ipyramida & @
Dr. A. AL-Saadi F Dr. A. ALSaadi 24




27-Nov-11

Chapter 9  Section 1 Chapter 9 Section 1
e Geometry of Subclasses of 4B, Molecules ® Geometry of Subclasses of AB, Molecules
# of atoms # lone # of atoms # lone
bonded to central  pairs on Electron-domain  Molecular bonded to_central  pairs on Electron-domain ~ Molecular
Class atom central atom geometry geometry Class atom central atom geometry geometry
AB, 6 0 Octahedral Octahedral AB, 6 0 Octahedral Octahedral
ABE 5 1 Octahedral ~_ S9quare
pyramidal
Dr. A. Al-Saadi Dr. A. Al-Saadi 26
Chapter 9  Section 1 Chapter 9  Section 1
Geometry of Molecules with Lone Pairs on
e Geometry of Subclasses of 4B, Molecules e y
the Central Atom: a Summary
# of atoms # lone
bonded to_central  pairs on Electron-domain ~ Molecular ol Hisbar
Class —__atom centralatom _geometry  geometry Sfficcton | Dresl Meauioui Nakn ot el e e
ABy 6 0 Octahedral Octahedral .
S ABE i, | L o Sy
AB.E 5 1 Octahedral quare e sar e
pyramidal
|
AB4E, 4 2 Octahedral ~ S9udre 4 ABE e~ ! S S N,
planar
Tetrahedral Triganal pyransidal
® G i
4 AB:E, i 2 /" i - H.O
IY J eads 1o the \F/n
- % e Q Tetrabodral Hent
& )
Dr A © hd v Dr. A, AL Saadi
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Chapter 9  Section 1 Chapter 9 Section 1
Geometry of Molecules with Lone Pairs on o L.
o the Cen tryal Atom: a Summary ® Deviation from Ideal Bond Angles
_— 1 : ,1 : - o Bond angles in methane, ammonia, and water molecules.
1
Trigenal ipyrasiial Seesan-shaped Methane Amrmonia Water
N 1 I H
3 ABLE e " [ | o |
Trigo u,',,n ..... adad T-shaped Q Q
N J | = g H
=0 e 91" I " u 100.5° [~ Tor H H
Trigemal bepyramudsd Liocat 0
s 2.1
AUE Al ! JED Tl i o Lone pairs require more space than bonding pairs and
Ousabesal e tend to slightly squeeze the angles between the bonding
i I e 4 - pairs.
15, = =3 > a,
Dr. A AL Saad Octodal e Dr. A, AL Saadi )
Chapter 9  Section 1 Chapter 9  Section 1
e Deviation from Ideal Bond Angles ® Deviation from Ideal Bond Angles
(a) For abonding pair
in a molecules, the
electrons are H)

(®)

Dr. A. AlL-Saadi

attracted towards
two nuclei.

For a lone pair, it is
localized on only
one nucleus and
occupies more
space around the
nucleus.

(a)

(b)

4 S
%3

-
-7 ey n ny >\n
i 10050 7.3 @ 104.5°
H H H

Bonding-pair nonbonding-pair repulsion increases

Dr. A. ALSaadi
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geometry

Examples: SO,

|§—§-9| -— |9-§ (o]
A double bond should be counted as one electron
domain.

Electron-domain geometry: trigonal planar.
Class : AB,E

Molecular geometry: Bent or V-shaped.

Chapter 9 Section 1 Chapter 9  Section 1
o Deviation from Ideal Bond Angles ® Deviation from Ideal Bond Angles
o Multiple bonds (double and triple) repel more strongly ] )
than single bonds because they have more electron single . double . triple . Ion‘e
density. bond bond bond pair
Repulsion increases
o The order of deviation from ideal angles is:
single . double _ triple . lone B oo
bond bond bond pair j i ‘e
> 16 (
Repulsion increases Hip7 H
NH, CH,0 SF, BrFs
Dr. A. Al-Saadi 33 Dr. A. Al-Saadi 34
B, Lewis Electron- Molecular 0 e
Chapter 9 Section 1 Strlicture domain geometry Chapter 9 Section 1

Dr. A. ALSaadi

Examples: CO,>

Lewis structure

There are 3 electron domains on the central atom.
Electron-domain geometry: trigonal planar
Class: AB3

Molecular geometry: trigonal planar

Lewis Electron- Molecular
structure domain geometry

geometry

2-
(3 oo
O —C— O
oo | .o
HH
oo
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o Lewis Electron- Molecular . . o
Chapter 9 Section 1 structure domain geometry (1,\1;;“17 9 lN ction lh M
_ geometry olecules wit ore
o Examples: I, °
Than One Central Atom
o Extra valence electrons, if any, must go o CH;0H
to the central atom.
I3) @1+1)e —4e = 18e H
) ..
o 0% e H—C—0—H
3 4 oo
Dl @ kN
H
| 1208 AB, AB,E,
Electron-domain geometry: trigonal
bipyramidal. 0
Class: AB,E3 @
Linear
Dr. A. Al-Saadi 37 Dr. A. Al-Saadi 38
Chapter 9 Section 2 Chapter 9 Section 2
Y Predicting Polarity from ° Predicting Polarity from
Molecular Geometry Molecular Geometry
o When the correct geometry is obtained for a given o Bond dipoles are vectors and therefore are additive.
molecule, the polarity of that molecule can be predicted. o Only the bonding pairs of electrons play a role in
determining the polarity of a molecule.
&+ 5
-F
H-F H.O ’/ \‘ H,0 molecule is
2 \
polar
HF
dipole moment > 0
o Bond dipoles are vectors and therefore are additive.
CO, molecule is
m not polar,
although it has
-—t
Co, . polar bonds
dipole moment = 0
Dr. A. AlL-Saadi 39 Dr. A. ALSaadi 40
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Chapter 9  Section 2
® Predicting Polarity from
Molecular Geometry

Chapter 9 Section 2
Y Predicting Polarity from
Molecular Geometry

BF, z CCl,
|1 I !
-9 -
3 ), 2 ]
g’ o T
1/\ ~ ) “J
.‘I
.\I
BF; molecule is CCl, molecule is
not polar also not polar
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Chapter 9 Section 2 Chapter 9 Section 2
Y Predicting Polarity from ° Predicting Polarity from
Molecular Geometry Molecular Geometry
o Which one of the following two C,H,Cl,
geometries is polar?
CHCl, ) )
1 = Sr=0 2
=g Oy e S 2
f J : 3:=0
J overall: £ # 0 / \\‘\
'} J
polar not polar
CHCI; molecule
is polar
Dr. A. AlL-Saadi 43 Dr. A. ALSaadi “

11



27-Nov-11

Chapter 9 Section 2 Chapter 9  Section 1and 2
® Predicting Polarity from Y .
Exercises
Molecular Geometry
. Predsct the molocular sirachre (incleding bosd sagles) for each e Wrie 1. strictupes and predict whether each of the fullow
. . . o the folkmwiag. (See Fimercises 53 and 90,1 ing o putar gk,
o Which one of the following geometries are polar? Lo L RO e
© s.u,' ~90° & XeF,
o CFCl
oo
He! Cl: SO e
’ : :\I - - JO—C=N:
| | Hela gt H
L 90°
N TN ] .
AN GE
' e Qo0
Trigonal planar Pyramidal T-shaped ‘F—Xe—F:
L. i .E
not polar polar polar Q'\ée/c' Nl
7 N g
<o 7 R e
- N ot HeH
Dr. A. Al-Saadi Dr. A. Al-Saadi " 46
Chapter 9 Section 3 Chapter 9 Section 3

Valence Bond Theory

o Do you still remember the shapes of atomic orbitals?
0 lsand 2s orbitals.
0 2p and 3p orbitals.

Dr. A. ALSaadi

o

Dr. A. ALSaadi

Valence Bond Theory

Valence bond theory explains the differences in the
properties of various covalent bonds.

H—H 4

o Although Lewis model is
useful, but it can’t account
S for different bond lengths
oo i and bond strengths of
different molecules.

H—F

TABLE 9.3

Bond Enthalpy (ki/mel)

Bond Length (A)

H; 0.74 4364
Fy 1.42 1506
HF 092 5682

12
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Chapter 9 Section 3 Chapter 9  Section 3
o Valence Bond Theory ® Valence Bond Theory
o According to valence bond theory , atoms form a o According to valence bond theory ,
covalent bond when an atomic orbital on one atom atoms form a covalent bond when an
overlaps with an atomic orbital of another atom. atomic orbital on one atom overlaps E [ETEN
) . with an atomic orbital of another atom. 247 2p’
Each atomic orbital must have: Orbital diagram for F
" &\ a single unpaired electron.
—( )
alin B Furthermore, the two electrons in
4 the two atomic orbitals must have
opposite spins.
H(1s') + H(1s') > H-H F(1s22s22p%) + F(1s%2522p%) — F-F
Dr. A. Al-Saadi 49 Dr. A. Al-Saadi 50
Chapter 9  Section 3 Chapter 9 Section 3
e | Valence Bond Theory ® Valence Bond Theory
o According to valence bond theory , o According to quantum mechanics (Chapter 6), the size,
atoms form a covalent bond when an shape and energy of 1S and 2p orbitals are different.
atomic orbital on one atom overlaps Therefore, the bonds in H,, F, and HF vary in strength and
with an atomic orbital of another atom. length.
H, —
H “ —
L M : :
HF J =t
H(1s") + F(1s22s22p%) — H-F A ymoger ey gy
aining oee electron shuaring the pair of elecarens, hoth doubly occied
Dr. A. AlL-Saadi Dr. A. ALSaadi 52
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Chapter 9 Section 4 Chapter 9 Section 4
o Hybridization of Atomic Orbitals ® Hybridization of Atomic Orbitals
0 :Cl—Be—Cl:
o Can you apply valence bond et o Canyou apply valence bond theory to = 3
theory to the CO, molecule? m the BeCl, molecule? . There are ?wu L'Iectrl'un
. . . ] tl tral at
From VSEPR model, CO, is Actual bond angle is 180 From VSEPR model, BeCl, is again ontns o The centrat atom
linear (AB, class). linear (AB, class). Moreover,
- experimental observations show that Be [:I:D
Ay [y both Be-Cl bonds are identical. 26 2
Unoccupied 1 2? 2p?
p orbital \ \ \C 22 From the C atom electron o Hybridization “mixing of atomic Cl [“‘] [ﬂ'ilL;!L]
— A configuration, there are two e . . 35 3p
ik singly occupied p otbitals. orbitals” helps much in understanding .
{ \ — many experimental observations that sTi};;?Coitc?;;iggiﬁr;i}?w
\‘) 400 couldn’t be explained with valence orbitals, so the valence bond
bond theory. theory can’t be applied in
= Valence bond theory this case!
Bond angle should be 907, 5 . .
Dr. A. Al-Saadi doesn t Work m thls Case! Dr. A. Al-Saadi 54
Chapter 9 Section 4 Chapter 9  Section 4
o | Hybridization of Atomic Orbitals o | Hybridization of Atomic Orbitals
:Cl—Be—Cl: :Cl—Be—Cl:
Be l:l:l:l « No unpaired electrons g
DD - DD
Electron is promoted R ,
l from 25 to 2p orbitals 2 3p 2p 2P
Be* m * Now Be has two singly
251 2 occupied atomic orbitals o Although the Be atom can now form two bonds, but
and can form two bonds from the above diagram those two bonds are
different.
Excited o Experiment, however, shows that the two Be-Cl
Be atom But bl is still therel bonds are identical! Thus, some extra treatments
ut one problem is sti erel should be done!
Dr. A. AlL-Saadi Dr. A. ALSaadi 56
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Chapter 9 Section 4 Chapter 9  Section 4
o sp Hybridization ® sp Hybridization
0 Recall that : .
. . . hybridizati ! 1
0 Orbital shapes (boundary surfaces) are pictorial Be* i [I:l:l Jyordization, ! [lﬂ i D:l
representations of wave functions. I 2¢ 2p12p 2p Psposp L 20 2p
__________ 1l | P —y T
0 Wave functions are mathematical functions. e ; Non-hybrid
0 Mathematical functions can be combined. orbitals
0 Thus, the atomic orbitals on an atom mix themselves
in order to form new hybrid orbitals that are g ‘
identical in shape, energy, and size. Ul < 4 - lma ‘ — D<@
— :_l:__l_ ___Fi—|—| nvbridization 'F_‘|:|—|;": —r—| s p i 5 sp o
Ber v nrr | [
T CP == === Before After
[ ij} <P <P s T-‘_f’_ e hybridization hybridization
S I Non-hybrid o The new two sp orbitals are identical in shape, size
orbitals and energy.
Dr. A. Al-Saadi Dr. A. Al-Saadi 58
Chapter 9 Section 4 Chapter 9  Section 4
® e e Y . ge e
sp Hybridization sp Hybridization
ik .
i f' 0 32 .E +  Be !.1‘.1‘ 1} [*“-'-[‘F] —  BeCl
W [FHAS
=
T
L (= -
Be LL]
sposp p 2p . . . . .
e P o Each hybrid sp orbital overlaps with a 3p singly occupied
o The two sp orbitals, each with one electron, point in atomic orbital and the angle formed is 180°. Hybridization
opposite directions inline with one another. This accounts very well for the linear geometry of BeCl,.
results in an angle of 180°.
Dr. A. AlL-Saadi 59 Dr. A. ALSaadi 60

15



27-Nov-11

Chapter 9 Section 4 Chapter 9 Section 4
o sp? Hybridization e S e feleciion ® sp? Hybridization
domains on the central atom
tFs
| VSEPR |
o Let’s try the same s B s N o The next step is hybridizing “mixing” the 2s orbital
approach with BF;. ™ - and 2p orbitals.
* trigonal planar T —— Ivhridization Ve i
+ all bonds equivalent B 4 Iﬂ II[I:I i i
L p 2pizp LApTspspt o 2p
B . i . . . . .
- onl}' ! unpalr{ed clectron o The new three hybrid sp? orbitals are identical in
252 2p available, while 3 bonds are there! .
shape, size and energy.
Electrons promotion
B* lﬂ [l. « two types of overlap with 2s and
25! 2p° 2p. So hybridization is required.
Dr. A. Al-Saadi 61 Dr. A. Al-Saadi 62
Chapter 9 Section 4 Chapter 9  Section 4
® ) e e Y ) e e
sp* Hybridization sp* Hybridization

o The new three hybrid sp? orbitals are identical in
shape, size and energy and are 120° apart from each

other.

.00
2s 2p

Dr. A. ALSaadi

Q

W/
5 b

O

2p .\p:

v {0 [

p

Dr. A. Al-Saadi

Ivbridization
———

* The three hybrid
sp? orbitals
facilitate the
trigonal planar
geometry.

« There are still one p
unhybrid orbital not
involved in the
bonding process.
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Chapter 9  Section 4 Chapter 9 Section 4
o sp? Hybridization ® sp? Hybridization [;1
[ [ _ H-C—H
F M) mim - » Em:E — BF, o Same kind of analysis can be Ili
MY [V ot s st | 2 applied for C atom in the methane
2 2 2p’ molecule (CH,). There are four electron
¥ P o How many hybrid orbitals do domains on the central atom
'F) alll ol e AL you need for the C atom in CH,?
O & CH, has a tetrahedral shape and
d\J — W all bonds are equivalent.
& ) X '\9 g; 7 )
Dr. A. ALSaadi Or. A. ALSaadi 66
Chapter 9  Section 4 Chapter 9  Section 4
[ J ([ J

c

Dr. A. AlL-Saadi

sp? Hybridization

1]

Y

F]
22

Electrons promotion

hybridization
e v

The new hybrid sp? orbitals are identical in their shape,
size and energy. They adopt tetrahedral geometry and
make 109° angle with respect to each other.

sp? Hybridization

25 p 2 p s

o The new hybrid sp? orbitals are identical in their shape,
size and energy. They adopt tetrahedral geometry and
make 109° angle with respect to each other.

Dr. A. Al-Saadi
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Chapter 9 Section 4

sp3 Hybridization

+ ¢ AR

wp-‘ .(p" .¥p—‘ .q:-‘

— CH,

-
=
BEEEE

~
@

H

Foc

Dr. A. ALSaadi

All bond angles 109.5°

Chapter 9 Section 4

sp , sp? and sp® Hybridizations

Number of Electran Domains and Hybrid Orbitals on Central Atom

Number of Electron Domains

on Central Atom Hybrid Orbitals Geometry
2 5p ‘C%/\}
Linear
¢
3 5’ (_/;
Trigonal planar
4 vp'

'I':lm]!:d...r.!l

Dr. A. ALSaadi 70

Chapter 9 Section 4

e sp3d Hybridization

3 5 7 3l
_______________ 1 -— - I " l___-___-_-__-_:
P THA] ([ 0 B
S 3 dp Wi M : s i 3

3 . .
O sp d hybrld orbitals Bond angles are 120° and 90°
are used by atoms and geometry is trigonal

with expanded octet, ~ bipyramidal

:C'l?l: .
Cl
Y -
G1—p =
- | "-\“(;.1: J‘TJ_
:(_j_|:

There are five electron
domains on the central atom
Dr. A AL Saadi

! 3d 3 3

Chapter 9  Section 4
® sp3d® Hybridization
. iFt
o sp3d? hybrid orbitals o / I3
are also used by atoms \ /
with expanded octet.

There are six
electron domains
on the central atom

s [l [ (TR = s[1] [ A
= 3 Wt 7

E? At Ad

S i)

Ip 3d 3didd 3d 34 H s i

P ip 3p
"""""" S = ST | R
Mixing of one s orbital, three p orbitals,
and two o orbitals to yicld six sp'd” orbitals
Dr A ALSaadi Z
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Chapter 9 Section 4 Chapter 9 Section 4
e sp3d? Hybridization e sp, sp?, sp3, sp’d and sp*d® Hybridizations
[ | Nomero e Ghmsi oo O o o A
o The sp’d? hybrid orbitals on the S atom adopt 90° angles Number of Electron Damains
and a geometry that iS Octahedral. m] In Order to predict the on Central Atom Hybrid Orbitals Geometry
correct hybridization 3 - Lja:vfl]
for a given atom : i
1) Draw correct Lewis . y )
structure. S
2) Determine the number
of electron domains [ w' =
on the central atom. Terahedrsl
3) Use the table to predict v o
the appropriate g e E'%«
hybridization and (S —
cometr e
s : E s
l\uTw;lul
Dr. A. ALSaadi 73 Dr. A. ALSaadi 74
Chapter 9 Section 4 Chapter 9 Section 5
® . ® Hybridization in Molecules Containing
Exercises .
Multiple Bonds
o Predict the hybridization of the central atom in . H. -H
the following molecules: # ele?tron dom_a{m h 3 ) H,C =C. H
. Ammonia (NH;) Required hybridization is sp>
3 Ethylene
= KrF,
. [rromotion " =
rchs c i e
242 2p? 25! 253
i i 3 oare i R 1
g ! hybridization | '
o] A~ N W
1 9¢ 20 2p12, 1 tnd epdepd | 2,
P 2 I 2p12p Vsptsptsp? 1 2p
b tiow 7-2-2 S R
Dr. A. AL-Saadi 75 Dr. A. ALSaadi 76
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Chapter 9  Section 5 Chapter 9  Section 5
® | Hybridization in Molecules Containing Y Hybridization in Molecules Containing
Multiple Bonds Multiple Bonds
Hybrid orbitals of H H
C atom in ethylene c=c. o A pi (m) bond forms from the
H’ H sideway overlap of non-hybrid p
Ethylene orbitals resulting in regions of
sp?sptsp? 1 2p electron density that are concentrated
above and below the plane of the
molecule. “sideways” overlap.
Double bond = 1 ¢ bond + 1 = bond
Actual shape of Twao lobes of a pi bond .
A Triple bond = 1 o bond + 2 7 bonds
3 sigma “¢” bonds 1 pi “x” bond o pi (m) bonds are not as strong as sigma (o) bonds.
Head-to-head bonding Sideways bonding
Dr. A. ALSaadi Dr. A. ALSaadi 78
Chapter 9 Section 5 Chapter 9 Section 5
® Hybridization in Molecules Containing ® Hybridization in Molecules Containing
Multiple Bonds Multiple Bonds
) H-C=C-H
o A sigma (5) bond is a bond in which the shared # electron domains =2 Acetylene
electron density is concentrated directly along the Required hybridization is sp
internuclear axis between the two nuclei involved in
bonding. “head-to-head” overlap.
pr.rur!rmrm *
c [0 [HE c [ [
252 2p? 25l 23
_________ J'n.bmh I —
aliu ) . [| III[I s
1
L — — —_——
Dr. A. AL-Saadi Dr. A. Al-Saadi 80
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Chapter 9  Section 5 Chapter 9 Section 5
® | Hybridization in Molecules Containing Y Hybridization in Molecules Containing
Multiple Bonds Multiple Bonds
Hybrid(orbitals of C H-C=C-H Hybridlorbitals of C H-C=C-H
atom in acetylene atom in acetylene
! Acetylene ! Acetylene
| [0 . [
sposp | 2p sposp | 2p
a0 O _ .-
3 G}“ — @ < :
Formation of a C-C single bond 2 sigma “c” bonds 2 pi “n” bonds
Head-to-head bonding Sideways bonding
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® Hybridization in Molecules Containing ® Hybridization in Molecules Containing
Multiple Bonds Multiple Bonds
° .. ° o
C # electron domains = 3 ) I ) ‘(‘)
Required hybridization is sp? i i
auiredy P H-C-H [ III [ @ H-C-H
0 # electron domains = 3 Formaldehyde sp? sp? sp? | sprsptspt 4 Ip Formaldehyde
Required hybridization is sp?
(0) C

O . cﬂ hyvbridization

2p 2p1p
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e Exercises ® Exercises
o How many sigma () and pi () bonds are in acetic o How many pi bonds and sigma bonds are in each of
acid? the following molecules? Describe the hybridization
H 0 of each C atom?
| " H_ . 2 H 2
. - _oo_ |Sp" H sp Cl I sp
H—C—C—Q—H c—c—cl Jc=c( " HyCrC=C—C=C—H
| A H SP’H p* sp |l| sp sp
H
() (b) ()
7 o-bonds and 1 m-bond. (a) 4 sigma bonds
(b) 5 sigma bonds, 1 pi bond
(c) 10 sigma bonds, 3 pi bonds
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