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3.32: A Numerical Huckel Calculation on Anthracene and Phenanthrene

High level quantum mechanical calculations reveal that phenanthrene is more stable than anthracene, and that the enhanced
stability has its origin in the energy of the m-electron density. This tutorial shows that even a simple Huckel molecular orbital
calculation predicts the greater stability of phenanthrene.

Huckel calculations can be carried out in several ways; perhaps the most economical and revealing is the numeric method which is
based on a connectivity matrix. Anthracene and phenanthrene, shown below, have 14 carbon atoms, so the connectivity matrix is
14 x 14. The only non-zero matrix elements contain the integer 1 indicating adjacent (bonded) carbons. For example, using the
numbering scheme shown below carbon 1 is bonded to carbons 2 and 14 in both molecules, and this connectivity (bonding) is
registered in the first row of the respective Huckel matirices shown below.
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The Huckel connectivity matrices for anthracene and phenanthrene are,
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The energy eigenvalues are the negatives of the eigenvalues of the connectivity matrices. The energy eigenvalues, n—electron
energy and the m—delocalization energy are calculated for each molecule below. There are seven doubly occupied molecular
orbitals for each molecule and the energy of a localized m electron pair (ethene) is -2. Thus the n-electron energy is twice the sum of
the occupied energy levels. The delocalization energy is the m-electron energy minus the energy of an equivalent number of
localized n-electron pairs. See the appendix for the calculation of the ethene (localized) n-electron energy.

Anthracene
Ha =-Ha Ea =eigenvals(Ha) Ea =sort(Ea)
Eo' =(-2.414 —2 -1.414 -1.414 -1 -1 —0.414 0414 1 1 1.414 1.414 2 2.414)
E.W=2Y" Ea; E.=-19.314 FEagie=Ern —7(-2) Eageoe = —5.314
Phenanthrene

Hp=-Hp Ep=eigenvals(Hp) Ep=sort(Ep)
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EpT
(—2.435 —-1.951 -1.516 —1.306 —1.142 —0.769 —0.605 0.605 0.769 1.142 1.306 1.516 1.951 2.414

)
Enp=23",Ep;, En—=-19.448 Epioc = Brp—7(—2) EDaeioe = —5.448

Summary

Molecule E, Ejeioc
Anthracene —19.314 -5.314
Phenanthrene —19.448 —5.448

According to the Huckel model for n-electron energy phenanthrene is more stable than anthracene. This result is in agreement with
higher level quantum mechanical calculations and the enthalpies of formation of anthracene and phenanthrene, 227 and 201 kJ/mol,
respectively.

Appendix

Ethene is the bench mark for a localized pair of n electrons. As shown below, the eigenvalues for the Huckel connectivity matrix
for ethene are -1 and +1. Thus a localized pair of n electrons has an energy of -2.

01
He= (1 O) He=-He Ee=-eigenvals(He) Ee=sort(Ee) FEel =(-1 1)
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