CHEMISTRY 531 EXAM Il SOLUTIONS

Problem 1 (40 pts)

a) Why is the energy degeneracy of the hydrogen 2s and 2p
orbitals lifted in atoms (other than hydrogenic ones)?
Which energy is lower and why?

Electron-electron repulsion isgreater in the 2p orbital than in the 2s
one because the 2p radial distribution is more compact than the 2s.
Thustheelectronsarecloser in the 2p than in the 2s, and so the
repulsion energy isgreater. This, obvioudly, liftsthe 2s/2p energy
degeneracy found in hydrogenic atoms.

b) Give the explicitly antisymmetric zero-order wave
functions of the singlet and triplets of the 1s2s
configuration. Give the energies to first-order.

Which is lower and why
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Triplet: Ef = Jisps - Ky SINCE Kyg o5 >0 thetriplet energy is

S2s

below the singlet by 2K .

(Another answer isthenodein thetriplet spatial wavefunction when
r, =r,and the absence of thisnode in the singlet wavefunction.)

Problem 2 (10 pts)

Give the ground state configuration and term symbol of N.

What are the possible values of S, L, and J?

N: 1s?2s°2p® —— ————- highest spin state S=3/2, so ground
2P41 2Pg 2P.4

stateis®S. M, =0\ L=0

=2
J=3/2 only -
but S=1/2
HESEY, L | ™
Other possiblevalues:. O£ L £2 TR
}/2£ J£25 P:+1 2P 2P
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Problem 3 (10 pts)

Give the Slater determinant for the 1322p configuration.

Assume the 2p spin is a.

1 Ia@) 1sBb@) 2pda(d)
T3 X222 1s(2)b(2) 2p(2)a(2)
153)a(3) 1s(3)b(3) 2p(3)a(3)

Problem 4 (10 pts)

What is the form of the wavefunction of maximum L and M,

formed from two electrons in angular momentum state [I;m)
and [l,my)?

|Lmax|—max>:|€1€1>|g2€2>; L :€1+€2
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Problem 5 (30 pts)

Verify that the ground state of C is P. This state is further
split by spin-orbit coupling, such that 3P < °P1 < °P,. The
energies are 0.0, 16.4 cm™ and 43.5 cm™. Calculate the
spin-orbit coupling constant A.

- 3

2P;1 2Pg 2P

C: K°25°2p°

0£J£2 ’p <®p<’P, —given

43.5 Eglo _ A
2[I(I+1)- 1L +D) - 10 +1)]
164 _16.4=- —?*(4- 2\ A=16.4cm™
— 00
A 1
435="+(4+2) A=145cm
(A =15¢cm™*
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