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Hückel Molecular Orbital Theory 

Pi-bonds built onto the Sigma bond framework 

Ethene 

Take the case of  H2C = CH2. The molecular axis is along the x-axis 

𝜋 bonds are composed of the 𝑝𝑧 orbitals of the two carbon atoms A and B 

Trial wavefunction 

𝜙 = ∑ 𝑐𝑖𝑓𝑖

𝑁

𝑛=1

= 𝑐𝐴𝑝𝑍𝐴 + 𝑐𝐵𝑝𝑧𝐵 

Secular equation, secular determinant: 

|
𝐻𝐴𝐴 − 𝐸𝑆𝐴𝐴 𝐻𝐴𝐵 − 𝐸𝑆𝐴𝐵

𝐻𝐴𝐵 − 𝐸𝑆𝐴𝐵 𝐻𝐵𝐵 − 𝐸𝑆𝐵𝐵
| (

𝑐𝐴

𝑐𝐵
) = 0 

The determinant must go to zero. 

𝐻𝐴𝐴 = ∫ 𝑝𝑧𝐴�̂�𝑝𝑧𝐴𝑑𝜏 = 𝛼 

𝐻𝐴𝐵 = ∫ 𝑝𝑧𝐴�̂�𝑝𝑧𝐵𝑑𝜏 = 𝛽 

𝑆𝑖𝑗 = 𝛿𝑖𝑗  

|
𝛼 − 𝐸 𝛽

𝛽 𝛼 − 𝐸
| = 0 

(𝛼 − 𝐸)2 − 𝛽2 = 0 

𝐸 = 𝛼 ± 𝛽 

𝛽~ − 75 kJ mol−1 (from experimental data) 

For two electrons, 𝐸𝜋 = 2𝛼 + 2𝛽 

Stabilization due to 𝜋 bond = −150 kJ mol−1 

𝛼 − 𝛽 

𝛼 + 𝛽 

𝛼 
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Ethene M.O.s 

𝑐𝐴(𝛼 − 𝐸 ) + 𝑐𝐵𝛽 = 0  

𝑐𝐴𝛽 + 𝑐𝐵(𝛼 − 𝐸) = 0 

Gives, 𝑐𝐴 = 𝑐𝐵  ⟹ 𝜙 = 𝑐𝐴(𝑝𝑧𝐴 + 𝑝𝑧𝐵) 

Normalize: 𝑐𝐴
2(1 + 2𝑆 + 1) = 𝑐𝐴

2(1 + 0 + 1) = 1 

𝜙𝑏 =
1

√2
(𝑝𝑧𝐴 + 𝑝𝑧𝐵) 

Determine for LUMO 

1,3-Butadiene 

A linear molecule.  

 |

𝛼 − 𝐸 𝛽 0 0
𝛽 𝛼 − 𝐸 𝛽 0
0 𝛽 𝛼 − 𝐸 𝛽
0 0 𝛽 𝛼 − 𝐸

| = 0 

Put 𝑥 =
𝛼−𝐸

𝛽
 

 𝛽4 |

𝑥 1 0 0
1 𝑥 1 0
0 1 𝑥 1
0 0 1 𝑥

| = 0 

 

 

𝑥4 − 3𝑥2 + 1 = 0  ⟹ 𝑥2 =
3 ± √5

2
 ⟹ 𝑥 = ±1.618 , ±0.618  

𝐸𝜋 = 4𝛼 + 4.472𝛽 

𝐸𝑑𝑒𝑙𝑜𝑐 . = 𝐸𝜋(𝑏𝑢𝑡𝑎𝑑𝑖𝑒𝑛𝑒) − 2𝐸𝜋(𝑒𝑡ℎ𝑒𝑛𝑒) = 0.472𝛽~ − 35 kJ mol−1 

Q. Determine the M.O.’s? 


