
When we draw the MO diagram for O2 it looks like as shown below. You note of course that the 

σ2p is below the π2p.  It is logical because a σ bond is stronger than a π 

bond and so the σ has lower energy (more stable).  The energy lowering 

of the orbital, or the bond energy is related to the overlap of the two 

orbitals.  The two p orbitals that make the σ bond point at one another 

and have good overlap however the two p orbitals that make up one of the 

π orbitals do not point at each other and so their overlap is not as good 

and so the bond is not as strong as the σ bond. 

 Now we come to N2 and you know that the order of the σ and p 

bonds reverse: Why do they reverse.  It is 

because the 2p and 2s orbitals on the N are 

closer than they are on O and so there is more 

interaction then in O2.  In order for orbitals to 

form a bond they must overlap however that is 

not the only requirement.  They must also be close enough in energy 

to interact.  The bonding interaction is best when the orbitals are at 

the same energy but they can still interact when they are separated by 

some energy.  Now in N2 the 2s and the 2pz interact and form the 

bonds shown.  However, the σ2s and σ2p are close in energy and they 

can interact and that pushes the σ2s down and the σ2p up.  The result is at 

left.  Another way to say it is that the 2s and the 2pz both contribute to 

both σ orbitals this could be shown by more lines but we will not put 

them on the diagram since it gets messy. 

Now consider NO.  We get the MO diagram on the left.  But the 

energies of the p and s orbitals on N and O are different.  Thus while 

they interact strongly the energy difference makes it so that the orbitals 

do not equally share the atomic orbitals (AOs) of the N and O orbitals.  

For example look at the two σ2s orbitals since the energy of the O 2s is 

lower than the N 2s the bonding σ has more O orbital and the 

antibonding σ* has more N orbital.  The MOs are not purely N or O 

they are definitely mixed but the mixture is not 50:50.  We would expect that as we move the 
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energy of the right hand orbitals down the sharing or mixing of the two orbitals would become 

less equal. 

 So what happens in NF.  It is drawn on the right.  We see now 

the splitting between the 2s of the N and F is very large.  It is even 

larger than the difference in energy between the 2s of the N and the 2p 

and the F.  Remember the MO for O2 and the interaction between the 

σ2σ* and σ2p orbital.  We might say here that these orbitals also interact 

and the MO σ orbitals have contributions from both the 2s and 2pz. 

This is seen on the left. The new contributions to the various MOs are 

shown with red lines.  It is more confusion so it is best to draw it as 

above.  Either way of drawing it the order of the orbitals in NF 

is same. The interaction would not be enough to push the σ2p 

orbital above the π2p. 

 So now if you look at 

the HF molecule in Gray you 

see the diagram shown on the 

right.  You seen the 2s of the H 

and the 2s of the F are so far 

apart in energy that the 2s of 

the H interacts with the 2pz of 

the F and not with the 2s of the 

F.  It is not because the overlap 

of the s with the p is better that 

an s with an s but because the energy of the s and p are much 

closer that the energies of the two s orbitals.   

 The two things to remember is that it is both the overlap 

and the energy difference between the AO that is important to form a MO.  If the overlap is good 

and the energy difference is small then you get a strong MO if either the energy difference is 

large or the overlap is small you get a weak or nonexistent MO. 
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