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10.5: Atomic Configuration Wavefunctions

To express, in terms of Slater determinants, the wavefunctions corresponding to each of the states in each of the levels, one
proceeds as follows:

1. For each Mg, M combination for which one can write down only one product function (i.e., in the non-equivalent angular
momentum situation, for each case where only one product function sits at a given box row and column point), that product
function itself is one of the desired states. For the p? example, the |p;apy| and |p;ap_; | (as well as their four other
M7y, and Mg "mirror images") are members of the ® P level (since they have Mg = +1) and |p; ap; 3| and its M, mirror image
are members of the ! D level (since they have My, = +2).

2. After identifying as many such states as possible by inspection, one uses L+ and S to generate states that belong to the same
term symbols as those already identified but which have higher or lower M}, and/or Mg values.

3. If, after applying the above process, there are term symbols for which states have not yet been formed, one may have to
construct such states by forming linear combinations that are orthogonal to all those states that have thus far been found.

To illustrate the use of raising and lowering operators to find the states that can not be identified by inspection, let us again focus on
the p? case. Beginning with three of the 3 P states that are easy to recognize, |p1apoc|, |prap-1c|, and |p_;apoa} we apply S—
to obtain the Mg = 0 functions:

S3P(Mp=1,Ms =1) =[S-(1)+5-(2)||[prapocl
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1/3 1 1
_h\/5(5 5(5)) ‘plﬂp0a| +hﬁ|plap05|a

so,

SP(Mp=1,Ms=0) = [|p1Bpocr| + |prapoc|].
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The same process applied to |p;ap_1a| and |p_; apoa] gives
1
7 [lprap_16] +|p1Bp-1a]
and
1
—2[|p71ﬂpoﬂ| +[p-1Bpoc]]

respectively.

1
The *P(M =1, Ms =0) = E[|p1ﬂpga| +|p1apoB|] function can be acted on with L_ to generate > P(My, = 0, Mg =0) :

L} P(My =1,Ms =0) = [L_(1) + L_(2) %nmpm +prapoB]
— h/1(2) — 1(0) P(Mj =0, Ms —0)
=1/ 21O e+ pmapnsl) + 1y [ 2O 1 5 a4 fprap gl

so,

1
SP(M =0,Mg=0)= —2[|P15P—104| +|prap_16]].
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The ' D term symbol is handled in like fashion. Beginning with the My, = 2 state |p; ap; 3|, one applies L_ to generate the My, =

1 state:
L' DMy, =2,Ms=0)=[L_(1)+L_(1)]|prap:f|
—h,/2(3)—2(1) D(My =1, Ms —0)
=hy/1(2) = 1(0)[|[poap1B| + [prapoBl],
s0,
DMy =1,Ms=0) = %Hpoaplm +[prapoBl]
Applying L_ once more generates the ! D(My, =0, Ms =0) state:
L_ L_
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1
'D(Mp =0,Ms=0)= %[ﬂpoapom +|p_1ap1 Bl +|prap_1 6]].

Notice that the My, =0, Mg = 0 states of > P and of ! D are given in terms of the three determinants that appear in the "center" of
the p? box diagram:

L
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1
SP(Mp =0,Mg=0)— 1|+ |prap—
(ML, s )ﬁﬂplﬂp 1a| +[prap_1 6]

% [—|p_1ap1B| + [prap-18]].

'D(Mp=0,Ms=0)= [12poapo | + |p-1ap1 8| + [prap-18]],

The only state that has eluded us thus far is the 1.8 state, which also has M}, = 0 and Mg = 0 . To construct this state, which must
also be some combination of the three determinants with M, = 0 and Mg = 0 , we use the fact that the ! § wavefunction must be
orthogonal to the 3P and ' D functions because 'S,3 P, and ' D are eigenfunctions of the hermitian operator L2 having
different eigenvalues. The state that is normalized and is a combination ofpyapof|, |p—1ap18|, and |p1ap_16|is given as
follows:

L
e

This page titled 10.5: Atomic Configuration Wavefunctions is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or
curated by Jack Simons via source content that was edited to the style and standards of the LibreTexts platform.

'S [|P00¢P0ﬂ| —|p1ap1B| — |P104L1ﬂ|]-

https://chem.libretexts.org/@go/page/60601



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/60601?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Quantum_Mechanics__in_Chemistry_(Simons_and_Nichols)/10%3A_Angular_Momentum_and_Group_Symmetries_of_Electronic_Wavefunctions/10.05%3A_Atomic_Configuration_Wavefunctions
https://creativecommons.org/licenses/by-nc-sa/4.0
http://simons.hec.utah.edu/
http://simons.hec.utah.edu/TheoryPage/BookPDF/

