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3C2H2 → C6H6 

 

 

 

 

 

 

 

 

 

The energy of the π-system of the C1C2 bond has the 2-electron contribution, so Eπ = 2t. 



 

In the proposed structure K1, there are three fixed π-systems, therefore EK1 = 3Eπ = 6t. 

 

An analog of K1 is a Kekulé structure holding a single bond between C1 and C2 atoms, thus a 

double bond between C3 and C4 and so on. In other words, K2 has double bonds where K1 had 

single bonds, and K2 has single bonds where K1 had double bonds. 

 

In the proposed structure K2, there are three fixed π-systems, therefore EK2 = 3Eπ = 6t. 
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Since 𝑐2
2 = 1 − 𝑐1

2 and 𝑐2 = √1 − 𝑐1
2, then 𝐸𝐾 = 𝑐1

2𝐸𝐾1 + (1 − 𝑐1
2)𝐸𝐾2 + 2𝑐1√1 − 𝑐1

2𝐻12 

 



When H12 = 0, then 𝐸𝐾 = 𝑐1
2𝐸𝐾1 + (1 − 𝑐1

2)𝐸𝐾2. Since 𝑐1 = 1/√2 then 𝑐1
2 = 1/2. The 

resonance energy is then evaluated as Δ𝐸1 = 2𝑐1√1 − 𝑐1
2𝑡 = 𝑡, once substituting 𝑐1. 

 

Since Δ𝐸1 = 𝑡, then Δ𝐸1 < 0. This is consistent because the electronic delocalization 

contributes to stabilize (lower the energy) of the benzene molecule. This is Option 1. 

 

The MO diagram for benzene is drawn as follows: 
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While the MO energies are calculated from the Coulson formula as: 

𝜀0 = 2𝑡 cos 0 = 2𝑡
𝜀1 = 2𝑡 cos 𝜋/3 = 𝑡
𝜀2 = 2𝑡 cos 2𝜋/3 = −𝑡
𝜀3 = 2𝑡 cos 𝜋 = −2𝑡
𝜀4 = 2𝑡 cos 4𝜋/3 = −𝑡
𝜀5 = 2𝑡 cos 5𝜋/3 = 𝑡

 

 



Since benzene has 6 π-electrons, the MO orbitals are filled with the Hund Rule as follows: 
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The π-system energy of benzene is 𝐸𝑀𝑂 = 2𝜀5 + 2𝜀1 + 2𝜀0 = 4𝑡 + 4𝑡 = 8𝑡. The energy 

𝐸𝐾(𝐻12 = 0) = 𝑐1
2𝐸𝐾1 + (1 − 𝑐1

2)𝐸𝐾2, with 𝑐1
2 = 1/2 and 𝐸𝐾1 = 𝐸𝐾2 = 6𝑡, equals 6𝑡. 

Therefore the resonance energy is Δ𝐸2 = 8𝑡 − 6𝑡 = 2𝑡. 

 

We have: 

Δ𝐸2 = 𝐸𝑀𝑂 − 𝐸𝐾(𝐻12 = 0) = 2𝑡 

Δ𝐸1 = 𝐸𝐾(𝐻12 = 𝑡) − 𝐸𝐾(𝐻12 = 0) = 𝑡 

Thus, Δ𝐸2 = 2 Δ𝐸1. As extra, it could be possible to calculate 𝐻12 from the equation: 

𝐸𝑀𝑂 − 𝐸𝐾(𝐻12 = 0) = 2𝑡 = 𝐸𝐾(𝐻12 = 𝑥) − 𝐸𝐾(𝐻12 = 0) = 2𝑐1√1 − 𝑐1
2𝑥 

Leading to, with 𝑐1
2 = 1/2, 𝑥 = 𝐻12 = 2𝑡. 

 

It is “harder” to hydrogenate benzene than 3 molecules of cyclohexane, due to the additional 

resonance energy of benzene, therefore |ΔrHb°| > 3|ΔrHc°| or Option 2.  


