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In lithium the ground state electronic configuratie 1$2s. 1$2p! is an excited state because the s-p degeneracy of
the one-electron hydrogen atom has been splitdpibsence of the core {lLslectrons. A simple variational
calculation on LT usingW(r) = (a¥/m)¥2exp(ar) to represent the core electrons yields the ¥ahg optimum for the
variational paramete a := 2.6875

We can model the behavior of the 2s electron byrasgy that is attracted to the nucleus and repéiethe core
electrons. The attraction for the nucleus is syntipé familiar -Z/r coulombic interaction. The diexstatic

interaction with the core electrons is given by,

Veore™ zﬁﬂ - afexp(- 20 m)j

The next steps are to calculate the orbital energfiehe 2s and 2p states by numerical integratfddchrodinger's
equation. First, the 2s orbital energy.

Reduced mass: p:=1 Nuclear charge: z:=3 Integration limit: Mmax.= 12

Angular momentum: L := 0 Energy guess: Es:= -.1748 r:=0,.0L.Myax
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Given —1E-ld—2LPs(r) - iﬁl—Ws(r) + Zﬁﬂ - a@xp(—mm)j + L+t _z [Ws(r) = ESWs(r)
200 g ripe dr r 2m1m2 r

Seed values for wave function and its first dersat  Ws(.00) =.1  Ws{(.00) = 0.1
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Wg:= Odesolvé ,rrjhax) Normalize the wavefunction: ws(r) := J Ws(r) @D dr Ws(r)
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Setting L = 1 above demonstrates that the 2p dtas not have the same energy as the 2s stateeXhstep is
to demonstrate that the 2p energy is -0.1239 E

Integration limit: 20 Angular momentum: L := 1 Energy guess: Ep:= -.1259

Tmax-=
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Given —1Eld—2Wp(r) - ié’—LPp(r) + {2[{—1 exp{ mm) - a@xp(—mm)) + L+l _ E}BIJp(r) = EpWp(r)
20 gr ru dr r 2 r

Seed values for wave function and its first deisat Wp(.00) =0  Wp'(.001) = 0.001
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Note that 2s-2p degeneracy has indeed been 3plé.splitting, E2p - E2s = .0488 hartree = 1.33 élérzberg
reports an experimental splitting of 1.85 eV. Tasults of this model could be improved by treatinghe core
electron scale factor, as an adjustable parameter.



