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10.24: Variational Calculation on Helium Using a Hydrogenic Wavefunction

Gaussian trial wavefunction:
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Demonstrate the wavefunction is normalized.

The terms contributing to the total electronic energy of the helium atom are the kinetic energy of each electron, each electron's
interaction with the nucleus, and the interaction of electrons with each other.

Calculate kinetic energy:
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Calculate electron-nucleus potential energy:

a. a. Calculate the electric potential of one of the electrons in the presence of the other:
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b. b. Calculate the electron-electron potential energy using result of part a:
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Write the equation for the total electronic energy in terms of the variational parameter 8 and minimize the energy with respect to 3:

E(B) := B* —4,8—1—%[3 B:= %E(ﬂ) =0 solve,  — % E(B)=—2.848

Compare the variational calculation to the Hartree-Fock limit: (Egp ~ —2.8617)
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Compare optimized trial wavefunction with the Hartree-Fock wavefunction by plotting the radial distribution functions.

&(r) =0.75738 exp(—1.4307) +0.43658 exp(—2.44157) +0.17295 exp(—4.09967) — 0.02730 exp(—6.4843r)
+0.06675 exp(—7.9787)

rz-‘l‘[r‘ By \

2 3
()

This page titled 10.24: Variational Calculation on Helium Using a Hydrogenic Wavefunction 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.

@ 0 10.24.1 https://chem.libretexts.org/@go/page/136973


https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://chem.libretexts.org/@go/page/136973?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Quantum_Tutorials_(Rioux)/10%3A_Approximate_Quantum__Mechanical_Methods/10.24%3A_Variational_Calculation_on_Helium_Using_a_Hydrogenic_Wavefunction
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Quantum_Tutorials_(Rioux)/10%3A_Approximate_Quantum__Mechanical_Methods/10.24%3A_Variational_Calculation_on_Helium_Using_a_Hydrogenic_Wavefunction
https://creativecommons.org/licenses/by/4.0
http://www.users.csbsju.edu/~frioux/
https://faculty.csbsju.edu/frioux/workinprogress.html

