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Born-Oppenheimer Approximation
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Solve for the electron at a fixed nuclear geometry

Calculate many nuclear geometries to obtain the potential 
energy surface



H2
+ Most Simple Diatom
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Solve this problem: 1. Use exact solution
2. Use linear combination of atomic orbital

approximation

First find ways to solve the electronic wave function 
when given distance between to hydrogen nuclei



Atomic Orbital Review
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LCAO
To make the molecular orbital (the electronic wavefunction for 
the molecule) let just add up each atomic orbital (electronic wave 
function for the atoms making the molecule)
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Variational Theory 1
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Variational Theory 2
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Due to stationary condition of the solution
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Variational Theory
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Overlap Integral 
  ABBARS  Overlap Integral (R dependent)
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Atomic Integral
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Electron is assigned one of the hydrogen orbitals: Coulomb 
Integral (Atomic Integral)



Exchange Integral
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Electron is assigned to both nuclei, or can exchange from one 
nuclei to the other :exchange integral (overlap charge integral)



Solve Secular Equation
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Bonding and Antibonding Orbital



Electron Density Difference



R Dependence of Matrix Elements 



Bonding Orbital Compare With Exact



Antibonding Oribital



Addition of Orbitals
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Adding in the contribution from 2S
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Adding in the contribution from 2pz



Additional Orbitals
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Above equation is two H2+ electrons with electron electron 
repulsion 
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Spin Orbital and Spacial Orbitals
When you consider more than one electron you have to 
consider not only the spacial coordinate r but also the spin 
angular momentum s and the Fermi principle:
Define x as the summed coordinate for r and s
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Hartree Product      2121, xxxx ji
HP 

However the above does not satisfy the Fermi Principle!!
Exchange of electron leads to asymmetric wave function 
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Slater Determinant
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Asymmetric wavefunction after exchange of electron coordinate

Generalization for n electron system: Slater Determinant
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What Happens if we use direct 
product of H2

+ solutions
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Hamiltonian does not include any spin terms so we could obtain 
the R dependence of the energy using only the spatial part of the 
electronic wavefunction



Potential Energy Curve
 RH
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Incorrect Dissociation!



What is the Problem of incorrect 
dissociation
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First two terms have 2 electrons on one of the atoms: IONIC
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Last two terms have one electrons on each one of the atoms: 
Valance Bond
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Solution: Configuration Interaction
Two 1S orbitals can make TWO molecular orbitals
Why not use the two and make combinations
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Symmetry of Spacial Orbitals
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If you exchange the position/spin of electron 1 and electron 2

sign same invert the  and  and  and 6543 

sign same stay the  and 21 
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Hamiltonian is invariant over exchange of electron 
so only 2 mix with 1



Configuration Interaction
 212211 CCCCCI
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By correct selection of the value for C1 and C2 you get no 
Ionic wavefunciton contribuiton



H2 Potential Curve Revisited



R Dependence of Expanstion 
Coefficients



Use of more orbitals
   zBzA pBsBCpAsAC 1111  



Energy Diagram



Molecular Orbitals



Homonuclear diatomic Molecules



Heteronuclear Diatomic Molecules

Bonding orbital localized on 
one nuclei


	LCAO Approximation for Diatomic Molecules
	Born-Oppenheimer Approximation
	H2+ Most Simple Diatom
	Atomic Orbital Review
	s Wavefunction 
	p Wavefunction 
	d Wavefunction 
	LCAO
	Variational Theory 1
	Variational Theory 2
	Variational Theory
	H2+
	Overlap Integral 
	Atomic Integral
	Exchange Integral
	Solve Secular Equation
	Bonding and Antibonding Orbital
	Electron Density Difference
	R Dependence of Matrix Elements 
	Bonding Orbital Compare With Exact
	Antibonding Oribital 
	Addition of Orbitals
	Additional Orbitals
	H2
	Spin Orbital and Spacial Orbitals
	Slater Determinant
	What Happens if we use direct product of H2+ solutions
	Potential Energy Curve
	What is the Problem of incorrect dissociation
	Solution: Configuration Interaction
	Symmetry of Spacial Orbitals
	Configuration Interaction
	H2 Potential Curve Revisited
	R Dependence of Expanstion Coefficients
	Use of more orbitals

