
Formation of bonds and Molecular Orbitals: 
 
To form a MO from atomic orbitals there are two criteria 
1) Symmetry  

Symmetry either allows or forbids bond formation.  If the symmetry is correct 
then the two orbitals and form bonding and antibonding MOs and if it is wrong 
the two orbitals will not mix and you get MOs that are only the atomic orbitals 
you start with. If the orbitals do not have the right symmetry they will have no net 
overlap.  The symmetry is defined alone the line connection to two nuclei.  If the 
two orbitals have the same symmetry relative to this line then the symmetry is 
correct. 

 
Examples: 
Overlap of a s with an s orbital will give 
significant overlap and you get a bonding 
and antibonding pair as shown at right: 

 
where the bonding orbital has lower energy 
then the antibonding orbital. 
For two pz orbitals you will also get a !  bonding and antibonding pair 
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with again the bonding orbital having lower energy 
then the antibonding orbital. 

And for two py or two pz  orbitals you find 
similar symmetries and get bonding and antibonding 
molecular orbitals but they are now "  in symmetry.  
 
 
 
 

Now what happens when the two orbitals 
have different symmetries?  If we take a pz with a px 
orbital that the net overlap for the two is zero since the symmetry of the two 
orbitals is such that any positive overlap the occurs below the dotted line is 

canceled by negative overlap that occurs above the dotted line.  
 
 
When the net overlap is zero we say the orbitals are nonbonding.  
This means that the two orbitals will not mix The two atomic 
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orbitals yield two molecular orbitals that look just like the original atomic orbitals 
thus we get two nonbonding orbitals. Both nonbonding orbitals are shown above 
and they have the same energies as the original orbitals. 
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2) Energy 

If the energies of the two orbitals are similar you get 
better bonding and when they are a lot different they 
donÕt interact very well and the orbitals look like 
they are center on only one of the atoms.  Thus in NF 
we drew as shown or right. 
The lowest ! s orbital is mainly an F 2s orbital and 
the antibonding ! s# is mostly an N 2s orbital. 
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