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2.52: The SCF Method for Two Electrons Using a Gaussian Wave Function
Gaussian Trial Wave Function:

Calculate kinetic energy:

Calculate electron‐nucleus potential energy:

a. Calculate the electric potential of one of the electrons in the presence of the other:

b. Calculate the electron-electron potential energy using the result of part a:

SCF Calculation 
1. Supply nuclear charge and an input value for β:

2. Define orbital energies of the electrons in terms of the variational parameters:

3. Minimize orbital energies with respect to α and β:

4. Calculate the energy of the atom:

5. Record results of the SCF cycle and return to step 1 with the new and improved input value for β.
6. Continue until self‐consistency is achieved.
7. Verify the results shown below for He. Repeat for Li , Be  and B .
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Z = 2 β = 0.767 α = Z

Orbital energy of the α electron:

Orbital energy of the β electron:
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α = Find(α)

β = Find(β)

α = 0.7670

β = 0.7670

(α,  β) = −0.6564ε1sα

(α,  β) = −0.6564ε1sβ

=Eatom
3α
2

−Z −Z +
3β

2
8α
π

−−
√ 8β

π

−−
√ 8αβ

π(α+β)

− −−−−
√ = −2.3010Eatom

+ 2+ 3+

https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://chem.libretexts.org/@go/page/158525?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Quantum_Tutorials_(Rioux)/02%3A_Atomic_Structure/2.52%3A_The_SCF_Method_for_Two_Electrons_Using_a_Gaussian_Wave_Function


2.52.2 https://chem.libretexts.org/@go/page/158525

This page titled 2.52: The SCF Method for Two Electrons Using a Gaussian Wave Function 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.

⎛

⎝

⎜⎜
⎜⎜⎜⎜
⎜⎜⎜⎜
⎜⎜⎜
⎜⎜⎜

β(input)

2.000

0.9303

0.8023

0.7749

0.7688

0.7674

0.7671

0.7670

α

0.4514

0.6943

0.7504

0.7633

0.7661

0.7668

0.7669

0.7670

ε1sα

−0.4988

−0.6117

−0.6454

−0.6539

−0.6588

−0.6563

−0.6564

−0.6564

β

0.9303

0.8023

0.7749

0.7688

0.7674

0.7671

0.7670

0.7670

ε1sβ

−0.8031

−0.6816

−0.6618

−0.6576

−0.6567

−0.6564

−0.6564

−0.6564

Eatom

−2.2703

−2.2996

−2.3009

−2.3010

−2.3010

−2.3010

−2.3010

−2.3010

⎞

⎠

⎟⎟
⎟⎟⎟⎟
⎟⎟⎟⎟
⎟⎟⎟
⎟⎟⎟

https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://chem.libretexts.org/@go/page/158525?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Quantum_Tutorials_(Rioux)/02%3A_Atomic_Structure/2.52%3A_The_SCF_Method_for_Two_Electrons_Using_a_Gaussian_Wave_Function
https://creativecommons.org/licenses/by/4.0
http://www.users.csbsju.edu/~frioux/
https://faculty.csbsju.edu/frioux/workinprogress.html

