
Institute of Solid State Physics
Technische Universität Graz

Molecular orbitals



Homonuclear diatomic molecules

All homonuclear diatomic molecules use the molecular orbitals of H2.
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The Hamiltonian matrix is as large as the number of atomic orbitals in 
the molecular orbital sum.

H2, N2, O2, ...



Homonuclear diatomic molecules

Roothaan equations:

As many molecular orbitals as unknow coefficients c



Homonuclear diatomic molecules

All homonuclear diatomic molecules use the molecular orbitals of H2.

from: Blinder, Introduction to Quantum Mechanics

g  inversion symmetry

1sg < 1su < 2sg < 2su < 3sg ~ 1pu < 1pg < 3su



http://lampx.tugraz.at/~hadley/ss1/molecules/N2/N2.php



Separtion of variables
number of electron pairs shared
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Bond potentials

Calculate the energies for different atomic distances.
The minimum yields the bond length and bond strength.
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Bond angles

Find the angle that minimizes the energy.
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Shape of a molecule 
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Shape of a molecule 

http://lampx.tugraz.at/~hadley/ss1/molecules/moleculeviewer/viewer.php

In Jmol, double click to start and stop a measurement.



Chemical reactions

It is possible to calculate if the reaction is endothermic or 
exothermic.
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C3H8 +  5 O2  3 CO2 +  4 H2O  +  Energy

+
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Chemical reactions
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To calculate the speed of a chemical 
reaction, solve the time-dependent 
Schrödinger equation.



Benzene

42 electrons

hydrogen 1s
carbon 1s, 2s, 2p

36 relevant atomic orbitals

𝜓௠௢ = 𝑐ଵ𝜑ଵ௦
஼ଵ + ⋯𝑐଻𝜑ଵ௦

ுଵ + ⋯𝑐ଵଷ𝜑ଶ௦
஼ଵ + ⋯𝑐ଵଽ𝜑ଶ௣௫

஼ଵ + ⋯𝑐ଶହ𝜑ଶ௣௬
஼ଵ +⋯𝑐ଷଵ𝜑ଶ௣௭

஼ଵ + ⋯𝑐ଷ଺𝜑ଶ௣௭
஼଺



Benzene

42 electrons
36 relevant atomic orbitals



Benzene
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Benzene
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Assume the valence molecular orbital is 

MO MOH E  



Benzene



Translation operator

1 2

2 3

3 4

4 5

5 6

6 1

0 1 0 0 0 0

0 0 1 0 0 0

0 0 0 1 0 0
T

0 0 0 0 1 0

0 0 0 0 0 1

1 0 0 0 0 0

u u

u u

u u
u

u u

u u

u u

    
    
    
    

     
    
    
    

      



1 3

2 4

3 52

4 6

5 1

6 2

0 0 1 0 0 0

0 0 0 1 0 0

0 0 0 0 1 0
T             

0 0 0 0 0 1

1 0 0 0 0 0

0 1 0 0 0 0

u u

u u

u u
u

u u

u u

u u

    
    
    
    

     
    
    
    

      



T and T2 have the 
same eigenvectors



Translation operator
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Eigen values of the translation operator
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For each eigenvalue, solve  T- I 0u 


to determine the eigenvectors.



Eigen vectors of the translation operator
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Benzene



Benzene
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Benzene
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Molecular orbitals benzene
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Particles confined to a ring
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Aromatic molecules obey Hückel's 4n + 2 rule
Molecules that don't obey the 4n+2 rule are radicals


