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4.33: Modeling the Pi-electrons of Corannulene as Particles in a Ring

In this exercise the 20 m electrons of corannulene will be modeled as particles in a ring or circular corral. Corannulene is bowl-
shaped not planar, so the model has some initial difficiencies.

Schrodinger's equation in plane polar coordinates and its energy eigenvalues are given below. R is the ring radius and C the ring
circumference.
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J;. is the L™ order Bessel function, L is the angular momentum quantum number, n is the principle quantum number, Z,1 is the nh
root of J;. Dirac notation is used to describe the electronic states, |n,L>. The roots of the Bessel function are given below in terms
of the n and L quantum numbers.

L quantum number
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0 1 2 3 4 5 6 7 "n
2.405 3.832 5.316 6.380 7.588 8.771 9.936 11.086 1

Z=] 8654 10.173 11.620 13.015 14.373 15.700 17.004 18.288 3 n quantum number
11.792 13.324 14.796 16.223 17.616 18.980 20.321 21.642 4
14.931 16.471 17.960 19.409 20.827 22.218 23.586 24.935 5

The manifold of allowed energy levels up to the LUMO is shown below and is populated with 20 n electrons. Note that the states
with L > 0 are doubly degenerate.

L

LUMO  (14) (1,4 7.588
HOMO  (2,1)  (2,-1) X x0 7.016 20
(LY (1,-3) X0 x0 6.380 16
(2,0) X0 5.520 12
(1,2) (1,-2) X xo 5316 10
(L1 (1,1 Ko xo 1832 6
(1,0) X0 2,405 2

Corannulene has a strong electronic transition at 280 nm. This information will be used to calculate its circumference.
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The result is reasonable given that there are 15 c-c bonds on the circumference:

15(140)pm = 2.1 x 10*°pm

This page titled 4.33: Modeling the Pi-electrons of Corannulene as Particles in a Ring is shared under a CC BY 4.0 license and was authored,
remixed, and/or curated by Frank Rioux via source content that was edited to the style and standards of the LibreTexts platform.

https://chem.libretexts.org/@go/page/151509



https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://chem.libretexts.org/@go/page/151509?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Quantum_Tutorials_(Rioux)/04%3A_Spectroscopy/4.33%3A_Modeling_the_Pi-electrons_of_Corannulene_as_Particles_in_a_Ring
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Quantum_Tutorials_(Rioux)/04%3A_Spectroscopy/4.33%3A_Modeling_the_Pi-electrons_of_Corannulene_as_Particles_in_a_Ring
https://creativecommons.org/licenses/by/4.0
http://www.users.csbsju.edu/~frioux/
https://faculty.csbsju.edu/frioux/workinprogress.html

