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The Method of Number Arrangement
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At present there are three methods for deducing atomic
spectroscopic terms of equivalent configurations. They are:
the method of progressive extinction (I-3), the method of
permutation of groups (4, 5), and the method of quick com-
putation (6, 7). All are complicated and tedious. For exam-
ple, the % configuration has 26,334 microstates, and people
can hardly get the spectroscopic terms by manual calcula-
tion. Though an IBM-PC/XT microcomputer can be used to
compute the spectroscopic terms, it takes much time, for
example, the g8 configuration takes 96 h. We report a new
method that solves the problem of finding the atomic spec-
troscopic terms of equivalent configuration of multielec-
trons and can be performed by manual calculation. Up to
now, the spectroscopic terms given in the literature are only
those for the s¥, p*, d*, f* (8) and g* (9) configurations. By use
of a computer and the method reported herein, we can deter-
mine the spectroscopic terms of h*, i*, j*, k*, and 1* configura-
tions. The spectroscopic terms of even higher configuration
may be calculated if the computer possesses high quality. It
takes between 1 and 10 min to deduce all spectroscopic
terms for the listed electronic configurations.

Deducing Process

(1) Factor equivalent electron configurations into a and 8
spin states. For example, the f° configuration can be factored
into (e2), (e!)(e}), and (el)(e?). Do this until the number of
electrons of the two kinds of spin states is equal or the
difference between them is one. The total spin magnet quan-
tum number may be calculated as

Mg=>"m, )

For each factored spin-state pair, we only take the values of
Ms = 0.

(2) Compute the M values, semimicrostates, and the
number of semimicrostates of each « (or ) spin state.

Semimicrostates are different from common microstates.
In microstates each orbital may contain electrons of «, 8 spin
states, but for semimicrostates only one electron of « (or 38)
spin state may be placed in each orbital. The M}, value for a
semimicrostate equals the sum of the m; values of the elec-
trons in the occupied orbitals. Thus,

My = Z my, 2

For example, the (ef,)(eé) spin-state pair of the f* configura-
tion possesses two kinds of spin states and total spin magnet
quantum number is Ms = 3% + 2 X (=1%) = 1. For the three
electrons of the eﬁ semimicrostates of the f° configuration,
the m; values line up from the maximum to minimum as 3, 2,
1; hence, the total orbital magnet quantum number is M, = 3
+ 2 + 1 = 6. There is only cne semimicrostate for the 3 spin
state with M = 6, and it can be represented by using the m;
values 3, 2, 1 of the three electrons. We set 3, 2, 1 as the three
digits 321, and this serves to designate the single semimi-
crostate. To find the number of semimicrostates of My = 5,
subtract 1 from the right most digit of 321, thus leaving 320.
Continue the subtraction process since there are no repeat
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Table 1.

M, Value of e’ Spin State, the Semimicrostate, and the Semimicrostate Number of 1N Configuration

Type of
Electronic spin
configuration state

M, value of
semimicrostate

Number of
semimicrostates
with that M, value
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digits; thus subtract 1 from the middle digit of 321 to give
311, and finally 221 by subtracting 1 from the left most digit
of 321. Since the two semimicrostates 311 and 221 have
repeated digits, cancel them; thus, only the 320 semimicros-
tate is left for M; = 5. Cancel identical semimicrostates
whenever they appear. Follow the above method until the m,
of each orbital type is at its minimum value (-3 for f elec-
trons). Repeat the process when the M, value for each semi-
microstate is positive or zero, M;, = 0. This produces the
results seen in the bottom section of Table 1 for the el
semimicrostate of the f¥ electronic configuration.

According to complementary principle of electrons and
holes, the number of semimicrostates produced by the e’ and
e[(21 + 1) — {] spin states of the 1V configuration are the
same. For the p" configuration, the number of semimicros-
tates produced by the e’ spin state of the p" configuration is
equal to that of e~/ spin state.

(3) M¢ is used to represent the M value of the a spin
state; M5 that of the § spin state. Here M}, M} > 0. The
notation used in the following equation is to set « as the M}
value and to set f(a) as the number of M7 values. Similarly,
set the M? value as 8 and the number of M} values as g(8). A
M; value is designated as i, and the number of M} values is
h(i). Thus we have the following equation.

h@) = Y fla)g@) + > fe)eg@) + > Hargl) @)
a+f=i a—p3=i B—a=i
a,f = 0 for the first item, «,8 > 0 for the second and third
items in theeq 3,andi=0,1,2,3,4, ....

The M; value and its corresponding number of « and 3
spin states are calculated by use of the eq 3, and the M}, and
Mg values are used to generate a M;—Mg matrix (see Table
9), and then the total orbital angular-momentum quantum
number L values and its corresponding number are obtained
by the M, values, and finally the atomic spectroscopic terms
and its corresponding number are found out by use of the L
values and its corresponding number, e.g. My < L.
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M;=5 (37),L =5(3)

L=0, 1, 2, 3 4 5
S P D F G H

Thus we get the atomic spectroscopic term H and its corre-
sponding number 3, i.e., H (3).

Examples

Deduce the spectroscopic terms of the f° configuration.
Three spin-state pairs arise, and each is analyzed as shown
below.

(1) Mg = 5/2 set, (e3). (See Table 2, and note that this table is
simply generated from the e? only for the fV configuration in
Table 1 by use of the electron hole correspondence.)

(2) Mg=3/2set, (91)(8}3). (See Tables 3, 4, and 5, and again realize
that the e? is equivalent to the e? only in Table 1.)

(3) Ms = 1/2 set, (e)(e2). (See Tables 6, 7, and 8.)

Now we arrange the number pairs of M;—Mg found at the
bottom of Tables 2, 5, and 8 to form the matrix for the atomic
spectroscopic terms. (See Table 9.)

Each number on the left side of the parentheses is the
microstate number, and the number in the parentheses is
the number of the spectroscopic terms for each line in Table
9. The first microstate number of each line is the number of
the spectroscopic terms with the corresponding My, and Mg
values. The calculation is carried out from the leftmost line
to right line, and then up to down. Starting the calculation
with the second microstate number of each line, every micro-
state number is reduced by its above neighbor microstate
number as well as the numbers in the parentheses with the
same M, value to the immediate left. For example, M} = 5,
the number (7) of the spectroscopic terms in 35 (7) on the
rightmost line comes from 35 — 24 — (3) — (1) (with same M|,
value). The numbers obtained from the calculation (the
numbers in the parentheses in Table 9) are the numbers of



Table 2. The M £ Value of the e} Spin State with M ¢ Value

Table 6. The M Value of the e3 Spin State with the M¢ Value

Number Number
e’ @ 5 4 3 2 1 0 el a 6 5 4 3 2 1 0
1 1 2 2 3 3 f (a) 1 1 2 3 4 4 5

Table 3. The M{ Value of the e Spin State with the M¢ Value

Table 7. The M{ Value of the €3 Spin State with the M{ Value

Number Number
el a 6 5 4 3 2 1 0 e} B 5 4 3 2 1 0
fla) 1 1 2 3 4 4 5 g8 1 1 2 2 3 3

Table 4. The M/ Value of the e} Spin State with the M{ Value

Number
e B 3 2 1 0
g(8) 1 1 1 1

Table 5. The M, Value of (e})(e}) Spin States with the M, Value

Number
i 9 8 7 6 5 4 3 2 1 0
af =0
N frg® 1 2 4 7 10 13 16 13 9 5
o
w3>0
N farg(B) 1 2 4 6 9 11
afi>0
2 fla)g(B) 4 8 11
B—a=i
h () 1 2 4 7 11 15 20 23 26 27

the spectroscopic terms with the corresponding M; value
(i.e., L value), Ms value (i.e., S value). Thus, the numbers of
the spectroscopic terms of the f° configuration represented
by the matrix in Table 9 are shown below.

S(H, F, P)
L, K,d (2),1(3),H(3),G (4),F (4),D (3), P (2),8)
%N, M, L (2),K(3),d (5),1(5), H(7),G (6),F (7), D (5), P (4))
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