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Recap 
Finished off trends
Lewis structure – formal charges
Resonance states
Nature of bonding
Oxidation State
f = V – L - 1/2P
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VSEPR (valence shell electron pair repulsion)

Basic Tenents
• 1.  Regions of high electron 

density (bp(s) + lp(s)) take 
up positions as far apart as 
possible.

• 2.  Molecular shape is 
determined by the resulting 
atomic positions

• 3.  lone pairs take up more 
space than bond pairs
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VSEPR
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VSEPR
Consider SO3

2-
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Valence Bond Theory
Spin pairing of electrons in overlapping atomic orbitals.  
Consider H2, 1s1
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Valence Bond Theory
Spin pairing of electrons in overlapping atomic orbitals.  
Consider N2, 2s2spx

12py
12pz

1

Consider H2O, O=2s2spx
22py

12pz
1
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Promotion & Hybridization
C 2s2spx

12py
1
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Hybridization
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Isolobal and overlap
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MOT
Molecular orbitals are similar to atomic orbitals except 

spread over the entire molecule. As such, they are 
molecular features.

Approximations:
Orbital approximation: The product of the many electron 
wavefunction for the molecule can be written as the 
product of one electron wavefunctions:

Ψ = ψ(1)ψ(2)...ψ(N)
LCAO: To the extent that MOs look like combinations of 
atomic orbitals, we can approximate them as linear 
combinations of atomic orbitals.
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MOT

ψbonding = ψA + ψB
ψ antibonding= ψA ‐ ψB
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MOT
ψbond = ψA + ψB
ψanti    = ψA ‐ ψB

One electron
ψm = ψbond(1) = ψA + ψB
ψm = ψanti(1) = ψA ‐ ψB

Two electrons
ψm = ψbond(1) ψbond(2) = [ψA(1) + ψB(1) ] [ψA(2) + ψB(2) ]
ψm = ψanti(1) ψanti(2)      = [ψA(1) ‐ ψB(1) ] [ψA(2) ‐ ψB(2) ]
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MOT
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MO Diagram
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LCAOs
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MO diagram
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MOT-Homonuclear Diatomics

Electron filling is done just like for atomic orbitals
Paramagnetism is a property associated with unpaired e-

...



19

MOT-Homonuclear Diatomics

24222
2 11211 gugugO ππσσσ=

Valence electron configuration

Can be done for ions as well

HOMO = Highest Occupied Molecular Orbital
LUMO  = Lowest Unoccupied Molecular Orbital
SOMO  = Singly Occupied Molecular Orbital
SLUMO
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MOT-Heteronuclear Diatomics
Differences from Homonuclear case:
• for ψbond(1) = ψA + ψB, ψA does not = ψB 

• Electrons will be drawn to the more electronegative element .  
Thus bonding orbitals will have more of that element character 
and antibonding orbitals will have more AO character from the 
more electropositive element.  

• As a result of having more A character,
The molecular orbital will be closer in 
Energy to the AO of A.  
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Consider CO
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Consider HCl
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MOT-predicting bond order, bond length and bond strength

Consider O2, O2
-, O2

2-, O2
+

Bond Order b= ½(bond – anti)

νo-o = 1555 cm-1

1108 cm-1 (K[O2
-])

760 cm-1 (Na2[O2
2-])

1858 cm-1 ([O2
+]AsF6
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MOT of polyatomic molecules
General rules: 
1.  Molecular orbitals are formed from linear 
combinations of atomic orbitals with the same symmetry

2.  The greater the number of nodes in a molecular 
orbital, the more antibonding and higher in energy it is.

3. Interactions between atoms that are not nearest 
neighbors are weak (bonding or anti-bonding).

4. Orbitals constructed from lower energy AOs lie lower 
in energy.
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