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Every property of a molecule can be calculated using quantum mechanics.

Review: Molecules I 

Make some approximations.

The exact solution to Hred can be constructed from the solutions to Hmo.

Molecular orbital Hamiltonian:



Review: Molecules II 

The molecular orbitals are constructed using LCAO.

The many electron wavefunction is constructed as a Slater determinant.

This is an exact solution to Hred and an approximate solution to Hmp.

The energy is calculated including the electron-electron interactions. 

Substitute into    . , construct the Roothaan equations.
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Assume the valence molecular orbital is 

MO MOH E  
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Translation operator
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T and T2 have the 
same eigenvectors
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TN = I



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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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



Particles confined to a ring

cyclobutane

4n + 2

benzene



Radicals

Molecules are most stable with a closed shell configuration.

OH radical 
CH2 methylene radical

Radicals are electrically neutral but chemically reactive.

Ar
H2O        10 electrons
NH3
CH4



Linear chains
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Linear chains
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Eigen values:

Eigen vectors:

E. Heilbronner und H. Bock, Das HMO-Modell und seine Anwendung
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Particles confined to a line
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Polyacetylene

Hideki Shirakawa, Alan J. Heeger, and Alan G MacDiarmid 
Nobel Prize in Chemistry in 2000



http://lampx.tugraz.at/~hadley/ss1/skriptum/outline.php





http://www.gaussian.com/g_prod/gv5b.htm

Gaussian


