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Bonding Orbital

Using 2pz Orbitals Hand waving

The bonding orbital has 

asymmetric distribution around 

nuclei

Better described by a 2pz orbital
HBHA

Polarization orbital!



Expectation values of Slater 
Determinant



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
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Problem To Solve
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Operators and Matrix Elements
Hamiltonian is a sum of one and two electron operators

For example hydrogen molecule
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Electron kinetic energy

Electron nuclear attraction Electron electron repultion
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One Electron Operator Matrix Element
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Due to orthonormality of the spin orbitals last two are zero 

with integration with respect to x2
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One Electron Operator 2
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Two Electron Operator Matrix Element
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Since |r12| is equal to |r21| perform interchange of electron 1 and 

electron 2 and first and second are the same and third and fourth 

are the same
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Two Electron Operator 2
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Expectation Value of Slater Det
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For one electron operators we consider the sum of each 

electron, for two electron operators the sum of pairs of 

electrons
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Expectation of One Electron Operator of 
Slater Det
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Expectation Value of a Two electron 
Operator for Slater Det
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Hartree-Fock Roothaan 
Equation

Electronic Structure
Kaito Takahashi
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Hartree Fock Approximation 1
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Hartree Fock Approximation 2
Variational theory functional minimization with constraint
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Hartree Fock Approximation 3
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Hartree Fock Approximation 4
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Hartree Fock Approximation 5
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