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AlLearn the basics of Valence Bond Theory and
Molecular Orbital Theory and how they are used to
model covalent bonding.
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Models of Bonding

A VSEPR theory accounts for the shapes of molecules
but does not tell usowthose shapes come about.

A More advanced models of chemical bonding extend
the concepts of quantum mechanics and wave
functions/orbitals to describe molecules, and allow
very precise calculations to be made about the
properties of molecules.

i Valence Bond(VB) theory (or theLocalized
Electron modglis a relatively simple model
which pictures covalent bonds as arising from the
overlap of orbitals on adjacent atoms.

I Molecular Orbital (MO) theory is a more
sophisticated model which pictures covalent
bonds forming frommolecular orbitals
delocalized over the entire molecule.
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Valence Bond Theory
(the-Llocalized Electron
Model)

Valence Bond Theory

A In valence bond theory, the orbitals which overlap
on adjacent atoms are either the standard atomic
orbitals €, p, d, f), or hybridized atomic orbitals
made by combining individual atomic orbitals.

A Covalent bonds result from the overlap of two half
filled grbitals in which the spins of the electrons are
paired.

A Each of the bonded atoms maintains its own atomic
orbitals, but the electron pair in the overlapping
orbitals is shared by both atoms.

A The shape of the molecule is determined by the
geometry of the overlapping orbitals.

A The greater the amount of overlap, the stronger the
bond. This leads to a directional character to the
bond when orbitals other tharare involved.
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Sigma §&) Bonds

H, molecule

F ¢ ) + LB F  — F § “iD F
2p 2p F, molecule

A Bonds resulting from entb-end overlap of orbitals
are callecsigma &) bonds

@ ~o-@e

1s HCI molecule

Hybrid Orbitals

A The shapes of, p, andd orbitals do not account for
the shapes of molecules, so we mustdifferent
orbitals in a molecule from those in isolated atoms.

il] For instance, carbono
. 2 halffilled p orbitals 90 from each other, yet
{§£7H carbon forms four bonds to hydrogen atoms to
‘ form CH,, with bond angles of 1095

A The wave functions for the atomic orbitals derived
from the Schrodinger equation are mathematically
combined to form new wave functions calledrid
atomic orbitals.

A The number of hybrid orbitals equals the number of
atomic orbitals which combine; we need one hybrid
orbital for each electron pair (bond or lone pair).
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Hybrid Orbitals

Electron Hybrid Molecular
groups orbitals shape

2 electron - linear
groups 2 sporbitals - (180°)

3 electron - trigonal planar
groups 3 sp? orbitals - (120°)

4 electron - tetrahedral
groups 4 sp? orbitals - (109.5)

trigonal

5 erlglcjztrgn - 5spidorbitals -  bipyramidal
group (90°, 1207

6 electron o i octahedral
groups 6 sp*d? orbitals - (90°)

Multiple bonds count as one electron group
when deciding which hybridization to use.

sp® Hybridization

A When thesand all three orbitals combine, the
resulting hybrid orbitals argp® hybrid orbitals .

_ — — 2 Hybridization
| :) — — — — Sp3
E — 25
Orbitals in a Orbitals in C in
free C atom the CH, molecule
Figure 5.13

A These 4 orbitals point to the corners of a tetrahedror

(109.5).

A sp? orbitals are used to describe the C atoms i CH
and GHg, the N in NH, and the O in ED.
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Figure 5.11

sp® Hybridization

Hybridization

_—

dtd

Figure 5.12

gives a N
tetrahedral .
arrangement
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sp° Orbital

sp® Orbitals in Methane, CH

Figure 5.14 Hls

(a)
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(b)
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sp? Orbitals in Ammonia, Nk

sp°

lone pair

11

Figure 5.15 Hls
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sp? Hybridization

A When thes andtwo of the three orbitals combine,
the resulting hybrid orbitals asg? hybrid orbitals .

2p Hybridization 2p
| > _—— — sp?
E — 25
Orbitals in an isolated Carbon orbitals in ethylene
carbon atom Figure 5.17

A These 3 orbitals point to the corners of an equilatera
triangle (120), with the unhybridizeg orbital 90
from this plane.

A sp? orbitals are used to describe the B atom ig, BF
and the C atoms in ethylene,HG,.
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sp? Hybridization
: | :{/ 7;/ 4)#
Eo Ak
| Xﬁ) ' /‘/

p orbital

sp? orbital \

sp? orbital

sp? orbital
Figure 5.16, 5.18 14
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sp? Orbitals in BF;

2p

o - &
O™ @IEE D

128 2p 2p | 2p ._spzspzsp2I 2p

Isolated Hybridized

B atom B atom ‘
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sp? Hybridization ande Bonds

A When twosp-hybridized atoms are joined dauble
bond is form from two types of overlap:

i asigma &) bond resulting from eneébn-end
overlap of thesp? orbitals.

i api (p) bondresulting from the sidéo-side
overlap of thep orbitals.

o9 Ve Ve .- potia
Is 3 . ~
End-on-end overlap | | o bond
N 4

” pi bond

sigma

" 7 bond ‘ bond

Figure 5.20 16
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Single Bonds and Double Bonds'in VB The

A A sigma 6) bond results from thend-to-end
overlap of cylindrical§, sp, sp?, SP#, etc.) or
spherical §) orbitals.

I s-bonds areylindrically symmetricaland there
is free rotation around them.

i All single bonds ars-bonds.

A A pi (p) bond results from theide-to-sideoverlap
of p orbitals onsp- or sp- hybridized atoms.

I p-bonds have regions of electron density above
and below the-bond axis; free rotation is not
allowed around @-bond.

I A double bond is a-bond + gp-bond.
I A triple bond is as-bond + 2p-bonds.
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sp’ Orbitals in Ethylene, ¢H,

top view

s
sp?2 ——

Figure 5.19, 5.21 sp 18
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Cis and Trans Isomers in%plybridization

H H

| Free rotation Rotation restricted ~ H N o
H—C—C—H aboutsingle bond by double bond Cc=C
[ (sigma) (sigma + pi) Cl/ N a
Cl Cl

a: C(sp’) = H(s)

7: C(p) - C(p)

a: C(sp®) —H(s)

a: C(sp?) - Clsp?)
H H H Cis
\C=C/ \C=C/"
& a & w
19
cis-1,2-Dichloroethene trans-1,2-Dichloroethene
sp Hybridization
A When thes andoneof the threg orbitals combine,
the resulting hybrid orbitals asphybrid orbitals .
o Hybridization P =
e  sp —— Sp ——
E 5 1 g —
Orbitals in a Orbitals in the sp
free C atom hybridized C in CO,

A These 2 orbitals point 18@rom each other, with the
unhybridizedp orbitals at 90 angles from this line.

A sporbitals are used to describe the Be atom in
BeCl,, and the C atoms in acetylengHg.
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sp Hybridization

gives a linear 180°
Hybridization arrangement
X x _> X X _> X
2 Px
y y y y 3}

Figure 5.22, 5.25 2

sp Orbitals in'BeCl

2p

Ce®yte -"Rog

spOrbitalsin Acetylene; ¢H,

a: C(sp) — C(sp)

o: C(sp) — H(s)
H—C=C—H
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sp Orbitals in CQ

sigma bond

(1 pair of electrons)  pi bond
(1 pair of
electrons)

(1 pair of
Figure 5.23, 5.27 electrons)

sp Orbitals/in N

lone sigma
pair bond
sp spsp
(b)

(d)

Figure 5.28

23

lone
pair

sp

24
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sp’d and spd? Hybridization
A Thesand the three orbitals can also combine with
d orbitals in molecules with expanded octets:
i s+p+p+p+d=spidhybrid orbitals
i s+p+p+p+d+d=sp’d?hybrid orbitals

’
(spﬁd hybrid orbitals sp>d® hybrid orbitals
(shown together) (shown together)

sp’d Orbitals in AsE; sp’d? Orbitals in SF

spd hybrid orbitals in ASE  sp*d? hybrid orbitals in SE
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sp’d Orbitals in Xek; sp*d? Orbitals in XeF

dsp3

lone pair
Six electron pairs d*sp?
°F ¥':  require an octahedral hybridized
“N../  arrangement. xenon
Xe
N
‘E I
lone pair
Lewis structure Octahedral arrangement Xenon uses six d*sp* hybrid
of six electron pairs atomic orbitals to bond to
the four fluorine atoms and
to hold the two lone pairs.  '7

Summary of Hybrid Orbitals

Do Arrangement of Pairs Hybridization Required
180°
2 Lincar p @
3 Trigonal

planar

Tetrahedral

5 Trigonal
bipyramidal
Octahedral
6

28

Figure 5.32
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Examples: Shape and Hybridization

1. Write Lewis structuregor the following molecules.
Determine theielectrongroup shapandmolecular
shapestate whether or not the molecules will be
polar, and théhybridizationon the central atom.

a. BF;

b. NH;
c. Sk
d. CF,

e. NOy
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Examples: .Shape and Hybridization

1. Write Lewis structure$or the following molecules.
Determine theielectrorgroup shapandmolecular
shape state whether or not the molecules will be
polar, and théhybridizationon the central atom.

f. PR
g. HCN
h. I

. Sk

j. XeF,
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Molecular Orbital
Theory,

31

Molecular Orbital Theory

A The valence bond model is easy to visualize, and
works well for most molecules, but it does not
describe magnetic and spectral properties well. A
more complex model must be used to explain these
phenomena.

A In Molecular Orbital (MO) theory , electrons
occupymolecular orbitals that belong to thentire
moleculerather than to an individual atom.

A Atomic or hybrid orbitals overlap with each other to
form molecular orbitals This overlap results in both
constructiveanddestructivanterference between
the orbitals.

A The number of molecular orbitals formed is the
same as the number of atomic orbitals which are
combined.

32
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Constructive and Destructive Interference

A Additive combination@esulting fromconstructive
interference between atomic orbitals) faoonding
molecular orbitals (s, p).

I These ardowerin energy than the atomic orbitals.

I The electrons in these orbitals spend most of their
time in the regiomn betweerthe nuclei, helping to
bond the atoms together.

A Subtractive combinatior(sesulting fromdestructive
interference between atomic orbitals) form
antibonding molecular orbitals (s*, p*).

I These ardigherin energy than the atomic orbitals.

iIThe electrons in these
node in the central ref(
bonding.
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Molecular Orbitals in the HHMolecule

A When two isolated H atoms interact with each other,
their Isorbitals blend together, and the electrons
spread out over both atoms, in both additive and
subtractive combinations:

@000

antibonding (MO,)

Q Q*O

Figure 5.33 bonding (MO,) 34
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Molecular Orbitals in the HHMolecule

A The two electrons which used to be in the separate
1sorbitals now reside in the bonding molecular
orbital, resulting in a molecule which is lower in
energy than the separate H atoms:

S 1s
g MO,
/
/
/

/)+ lsB

/
\ /
\\ S 1s // MO
s MO, I

Figure 5.34 3

Why - Doe,y¥orm? He

Bondorder = (bondinge's) - (antibondnge's)

Figure 5.38 2
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