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Valence Bond Treatment of H2
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Valence Bond Treatment of H2

Linear Variational Principle in Chemical Bonding
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Valence Bond Treatment of H2
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Valence Bond Treatment of H2
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Valence Bond Treatment of H2

Is this wave function well-behaved?

Linear Variational Principle in Chemical Bonding
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Spin-Statistics Theorem

Wave function of a system of identical particles 
• must be antisymmetric wrt interchange of any two particles if the particles have half-

integer spin (fermions)

• must be symmetric wrt interchange of any two particles  if the particles have integer 

spin (bosons)
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Linear Variational Principle in Chemical Bonding
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Valence Bond Treatment of H2: electron spin

For one electron system:

For two electron system:

Linear Variational Principle in Chemical Bonding
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Valence Bond Treatment of H2: electron spin

well-behaved wave function:
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Valence Bond Treatment of H2: electron spin
well-behaved wave function:
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Molecular Orbital Treatment of H2
+

Trial wave function

Overlap integrals

Linear Variational Principle in Chemical Bonding

Energy integrals

Hamiltonian
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Molecular Orbital Treatment of H2
+
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Molecular Orbital Treatment of H2
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Symmetry Adapted Linear Combination of Atomic Orbitals

Linear Variational Principle in Chemical Bonding

O: 1s2 2s2 2p4

Diatomics
• core orbitals are too compact and virtual orbitals are too 

diffused for significant overlap (constructive/destructive) 

between neighbouring atoms. 

 : 2s  2pz

P : 2px,y

Only when the atomic orbitals have 

same symmetry species in the point 

group of the molecule
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Symmetry Adapted Linear Combination of Atomic Orbitals

Linear Variational Principle in Chemical Bonding

Diatomics

2p2p

2s 2s

1sg

1su

2sg

2su

1pu

1pg

A    A2 A

2p

2p

2s

1s

2s

4s

2p

1p

3s

2s

A    AB B

NPTEL



Approximate Methods in Quantum Chemistry

Sabyashachi Mishra

Department of Chemistry, IIT Kharagpur

Lecture 16: Molecular Orbital Treatment of Polyatomics

NPTEL



Symmetry Adapted Linear Combination of Atomic Orbitals

Linear Variational Principle in Chemical Bonding

Polyatomics: AH2
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Symmetry Adapted Linear Combination of Atomic Orbitals

Linear Variational Principle in Chemical Bonding

Polyatomics: AH2
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Symmetry Adapted Linear Combination of Atomic Orbitals

Linear Variational Principle in Chemical Bonding

Polyatomics: AH2
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Hückel’s Molecular Orbital Method:  An empirical treatment of pi electrons

Overlap integrals

If i and j are connected

If i and j are NOT connected

Energy integrals

Secular Equations
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Hückel’s Molecular Orbital Method for butadiene
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