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Configurations 3dn 4p in Singly Ionized Atoms of the Iron Group* 

C. Roth I 

Experimental levels of the configuration 3d"4p in the second spectra of the iron group were com" 
pared with corresponding calculated values" Besides the elec trostatic and spin-orbit interactions the 
a , (3 and T corrections were considered in the individual and general treatments. The insertion of the 
parameters (3 and T improved the results by about 21 pe rcent. The rms error on fitting 703 levels by 
means of 21 free interaction parameters was 231 cm- ' . Altogether 912 energy levels were predicted. 
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1. Introduction 

The co nfigurations 3d" +3d n- 14s in the second 
(" spectra of the iron group were considered by Racah 

and Shad mi [IV Individual and general treatments 
including the a, f3 and T corrections were performed 
for the configurations 3d"4p of th e third spectra of the 
iron group by the author [2]. The configurations 3dl/4p 
in the second spectra of the iron group were considered 
by Racah and Spector [3], but only in the Russell­
Saunders approximation. In the present investigation 
the spi n-orbit interaction was inserted and, in addition, 
th e effects of f3 and T were considered_ 

Racah and Trees [4-6] have shown that seco nd 
order effects caused by perturbations on the con­
figuration /11 by configurations differing from [n by 
two electrons can be described by a model interaction 
of the form 

L 2a(li - 0) + f3qij , 
i<j 

where qij is the seniority operator [7]. For the con­
figuration d" this becomes 

a[L(L + 1) - 6n]+ f3Q , 

where Q is the total seniority operator [7]. If the con­
stant - 6na is incorporated into the height of the 
configuration the above correction redu ces to 

aL(L + 1) + f3Q-

The aL(L + 1) correction was first introduced by Trees 
[4]_ The effect of the /3Q correction was studied by 
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Racah and Shadmi [8J in the even co nfiguration s 
(3d+4s)1I of the second spectra of Y, Cr, and Fe. 

Trees and Jorge nsen [9] have shown that the main 
perturbing configuration on 3s23p63d n is the configura­
tion 3s23p43dn+2_ Trees l10] also remarked that the 
configuration 3s3p63d n+1 should give a perturbation 
of the same magnitude as 3s23;t3cf"+2 _ This perturba­
tion is not included in L 2a(l;· [j) + /3qij , since now 

i < j 
the configurations differ -by only one electron. By 
second-order perturbation theory thi s e ffect depends 
upon the ratio H2/ t1E, where H is the interaction 
parameter that appears in the nondiago nal term , 

H = R2(3d 3d, 3d 3s) 
35 ' 

and - t1E is the e nergy difference between the two con­
figurations . The parameter H2/t1E is denoted by T. 
When calculating the model interaction one uses 
second-order perturbation theory of degenerate con­
figurations which permits the introduction of these 
interactions before diagonalizing the energy matrices 
of the separate configurations . Hence the algebrai c 
matrices of T are not diagonaL It should be noted that 
T represents a three-body interaction whereas a and 
f3 represent two-body interactions. 

Rajnak and Wybourne [11], by using second-order 
perturbation theory obtained expressions for th e matrix 
elements of the electrostatic interaction between the 
[" configuration and the different s pec ies of perturbing 
-configurations differing from /" by one or two elec­
trons or electro n-holes_ Effective three-body interac­
tions were considered to account for the perturbation 
due to one-electron excitations_ Racah and Stein [12] 
developed an elegan t method which considerably 
simplified the calculations of Rajnak and Wybourne. 

The electrostatic and spin-orbit interaction matrices 
for the configurations dllp were available from the 
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matrix library at the Hebrew University. To these 
matrices the author added the algebraic matrices of 
the parameters {3 and T using the program ADDCONF 
of Racah. 

In the first part (the individual treatment, ILS), the 
algebraic matrices multiplied by radial parameters are 
diagonalized using the program of Racah [13]. Besides 
the eigenvalues, the diagonalization routine also yields 
the derivatives of the eigenvalues with respect to the 
parameters, the squares of the eigenvectors (percent­
age compositions) and the calculated Lande g values. 
The appropriate experimental levels are then fitted to 
the eigenvalues and using the derivatives obtained in 
the diagonalization, least squares are performed. In 
these calculations the improved values of the theoreti­
cal energy levels, th e corrected values of the param­
eters including their statistical deviations and the sum 
of the squares of the differences between the observed 
and calculated levels are obtained. Then the rms error 
is defined as r-II ~ ~T 

~= ~ 
n-m 

where the ~i are the differences between the observed 
and calculated levels, n is the number of known levels 
and m is the number of free parameters. The value of ~ 
is also given by the least squares routine. The same 
derivatives can be used for several variations in the 
least squares either imposing different conditions on 
the parameters or inserting the experimental levels 
with different assignments. These latter variations are 
particularly important since they help to determine 
whether certain experimental levels may be inserted 
with changed assignments, or in some cases even 
rejected. The parameters of that variation which yields 
the best results are used to perform a new diagonaliza­
tion. This iterative process is continued until mathe­
matical convergence is attained. 

If the parameters obtained from the individual 
treatments can be expressed in terms of simple 
interpolation formulas a general diagonalization is 
performed. Then in the general least squares (GLS) 
all the configurations 3d"4p are considered as one 
problem by forcing the interaction parameters to vary 
linearly, or perhaps linearly with small quadratic 
corrections. 

2. Parameters 

For the d-d interaction the Slater parameters 
F2 and F4 were replaced by 

B = 4~1 [9F2(dd)-SP(dd)]=F2Idd)-5F4Idd) 

5 c= 63 Pldd) = 35F4(dd). 

For the d-p interaction the parameters F 2 , G) , and 
C3 are given by 

The parameters of the s pin-orbit interactions for the 
electrons d and the electron jJ are denoted by ~d and \ 
~p, respectively. The three correction parameters 
mentioned previously ' are denoted by 0', (3, and T. 
Finally, the additive parameter chose n to normalize 
to zero the lowest energy value for a particular con­
figuration, is denoted by A. 

3. Discussion and Results 

The electrostatic parameters for the initial diag-
<; 

onalization were taken from Racah and Spector [3]. 
Since d n is the core of the configuration dnp, approxi­
mate values for the parameters B, C, 0', and ~rI could l' 
be obtained from Shadmi [16] in the treatment of the 
configurations 3d" + 3dn~14s in the third spectra of the '1 

iron group. As B, C, and 0' are already given [3], we 
only need to take the values of ~d from Shadmi. We 
then obtain [16] 

~d(dnp) = 387 + 951n - 5)+ 9[(n - 5)2 -10]. 

The initial values of ~p were obtained by using the .~ 
experimental levels of Ca nAp and Zn n-3d104p for 
~p(P) and ~p(d!Op), and then interpolating. 

Thus, initially, 

Using interpolative values for the interaction param­
eters, the energy matrices for the configurations dnp 
were diagonalized. Individual least squares were then l/ 
performed for the configurations Sc II-dp, Ti n-d2p, 
V II-d3p, Cr II-d4p, Mn II-d"p, Fe II-d6p, Co II-d:;, 
Ni II-d8p and Cu I1-d9p, by means of which we deter­
mined how to fit the experimental levels. 

General least squares were then considered in which 
372 theoretical terms splitting into 912 levels were 
taken into account. Initially, 224 experimental terms 
splitting into 599 levels were fitted. As the matrices in 
the initial diagonalization did not include the matrices 
of {3 and T, we only considered one variation in the 
GLS. With 28 free parameters, the rms error was 295. 

The parameters obtained from the GLS were used J 
in the diagonalizations of the second iteration. There 
the matrices of {3 and T were already included, but the I 
initial values of the parameters {3 and T were zero. 
However, derivatives with respect to these two param­
eters were obtained enabling the study of the effects 
of {3 and T on a particular configuration and in the 
general problem. With {3 and T eliminated in the GLS 
the rms error in the second iteration was 293. When {3 
and T were allowed to vary linearly from configuration t" 

to configuration the rms error was reduced to 233. In 
that variation the values of (3 and T were 
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As in th e con fi gurations d"p of the third spectra, the 
in sertion of f3 and T c aused the value of 0: to drop. With 

7 f3 a nd T e liminated 0: had the values 

)' 0:1 (d"p) = (75.1 ± 1.4) + (6.1 ± 1.1) (n-5). 

, 
/ 

> 

Whe n f3 and T were allowed to vary linearly we ob­
tain ed 

0:2 (d"p) = (41.3±2.0) + (5.9± 1.7) (n -5 ) . 

As for the configurations d"p in the third s pec tra 
the values of C increased notably when {3 and T we re 
permitt ed to vary linearly. With (3 and T eliminated we 
had 

C I (d"fJ) = (3216.0 ± 8.3) + (293.2 ± 6. 5) (n - 5) 

wh e reas for f3 and T changin g lin early, we obtain ed 

C2 (d"p) = (3413.2 ± 15.1) + (320 ± 10.2) (n -5) . 

This r es ult is as expec ted s in ce if we consid e r the 
bas is configuration d 2 th e only te rm affec ted by {3 is IS 
whic h contains 7e . 

The above value s of 233 and 293 for the rms e rrors 
in the CLS with and without {3 and T res pectively , 
s hould be compa re d with the value of 361 obta ined by 
Racah and Spec tor [3]. 

From the res ult s of Iglesias and Velasco [14], we 
in se rt ed a n addi tiona l 49 te rms s plittin g into 104 levels 
in the spectrum of Mn Il- 3d54p. In the C LS with {3 
a nd T allowed to var y Ii nearl y the rms error on fitti ng 
273 term s s plitting into 703 levels by mea ns of 32 free 
para mete rs was 231. The fact that the rms er ror 
droppe d in the C LS see ms to indi cate that the levels of 
Iglesias and Ve lasco are indeed va lid le vels. 

In the plots of the param ete rs ve rs us atomic num­
ber in fi gures 1-8, the values give n are from the 
individu al leas t squ ares (the verti c al lines indicate 
th e rm s errors in the valu es of the para mete rs). The 
s traight lines (for ~d the parabola) give the values of 
the parameters from the corres ponding general least 
squ ares . From the graphs it is apparent that the 
assumption of linearity (for ~(l with a small quadratic 
correc tion) is valid here. 

Unless s pec ified otherwise the source of the experi­
me ntal data is " Atomic Energy Levels ," Vols. I and 
II by C. E. Moore [15], henceforth refe rred to as AEL. 

The nume rical values of all levels and parame tErS 
are in em- I. 

W e now wish to di scuss brie fly the results for each 
configura tion. 
C a 1I-4p 

This configuration consists of only on e term s plitting 
into two levels. It is use ful in providing a value for ~p. 
S c 11-3d4p 

In S c Il-dp, all the predicted levels are given in 
AEL. In the individual least squares we initially fitted 
the 6 terms splitting into 12 le vels by using the 4 
electrostatic parameters A , F2 , C I and C3 , and the 
s pin-orbit parameters ~(/ and ~p. The rms error was 

478. This very high valu e can be attributed to the fact 
that there is a strong interac tion between the configura­
tions dp and sp. The 4 leve ls of the terms Ip and 3p 
we re thus not considered in the GLS. 

The 8 levels of the term s 10, 3D, IF , and 3F fitt ed 
well in the GLS. The experime ntal g valu es a lso fitted 
nicely to the calculated valu es. 
Ti IJ-3d 24p 

In the configuration d 2p there are 19 theore ti cal 
te rms s plitting into 45 levels. The only experimenta l 
term missing for Ti II is (IS)2P. 

In the individual least squares a rms error of 319 
was obtained, which seems to indicate that this con­
figuration is strongly perturbed by the configuration 
3d4s4p. There were no changes in assignment. 

Since there are no observed levels based on the 
te rm 3d2 IS, we can have only 4 elec tros tati c param­
e te rs of the core, i. e., A. B , C and 0: to de te rmine the 
pare nts 3P , ID , :IF , a nd IG of d 2• If we give e ither f3 
or T freedo m, the n the proble m is overde fin ed. 

The above valu e of 319 for the rms error s hould 
be compared with the value of 421 obtained by Racah 
a nd Spector [3 J. 
V u-3d34p 

In the co nfigura tion dJp there are 48 predicted terms 
s plitting into llO level s. The experimental data for 
V II - 3d34p is a l most complete. There are only 5 terms 
mi ss ing, all based on the parent term 3d3B2D. In addi­
ti on to th e 43 terms s plittin g into 101 levels , which are 
assigned to d 3p , the re are 7 additional odd levels whose 
confi gura tion assignme nts are n ot given. 

Th e leve l 1~ a t 62761.9 definitely does not belong to 
the configuration d Ip as there is no calc ul a ted level in 
th a t vi cinity to whi ch it could b e assigned. 

In the individu al leas t sq uares geveral a ttempts 
were made to fit the nine hi g h le vels (above 75,000) 
give n in AEL. However , we could not come to a defi­
nite co ncl usion whe ther any or a ll of these levels 
belong to d Ip . Thus, it was decided not to insert an y 
of these high le ve ls in the in dividual leas t squ ares, 
whi ch were the n pe rformed with 42 te rm s s plitting into 
98 leve ls. Since no levels base d upon the term d3B2D 
(the onl y te rm having a non vanishin g valu e of Q) we re 
in serted into the individual le ast squares, the only 
me aningful variation was to le t both f3 and T to equal 
zero. The rms error in the second iteration was th e n 
269, which should be compared with Racah and Spec­
tor ' s value of 390 [3]. 

The high levels were again considered in the GLS. 
Wh e n these experimental levels we re compared with 
the cal culated le vels in th e G LS closes t to th e m, the 
d evia tions in eac h case were gr eater in magnitude tha n 
600. Whe n the le vels we re actually in serted into the 
GLS, th e values of f3 we re 

f3(d"p) = -495±32 + (92 ± 2l) (n -5 ) . 

Thus for V 1I-d3p, this would cause f3 to have a value 
01'-679, which is not reasonable . It is probable that 
most or all of these high leve ls belong to the configura­
tion d 2sfJ. 
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The following changes in assignment were per­
formed: 

1. (a 4F)z 5D3 ~ (a 4F)z 3D3 
2. (a 4P)Z ~Po, 1,2~(a 4P)y fiDo. 1• 2 

3. (a 2G)Z IG4~(a 2G)y 3F4 

4. (a 2P)Z IPI~(O 2D)y Ip 

In all four exchanges there was strong mlxmg be­
tween the eigenfunctions of the levels involved. 

The agreement betwee n the experimental and calcu· 
lated g values is quite good except for the case of 
(4P)y 5D4 • This level is 98 percent (4P) 5D, and the re­
maining 2 percent are also "D. Thus, the calculated g 
value exactly equal s the theoretical g value of 1.500 
for pure LS compling. The value of 2.28 given in AEL 
for this level seems definitely wrong, as 1.5 is the 
highest theoretical g value for any level of J equal to 4 
in the configuration cFp. 
Cr II-3d44p 

The configuration d4p comprises 68 theoretical 
terms splitting into 180 levels; in AEL, 51 experi­
mental terms splitting into 139 levels are given. We 
included all the experimental levels , but performed 
the following changes in assignment: 

1. (0 5D)z 4P5/ 2 ~ (a 5D)z 6D5/ 2 

2. (II 3H)z 4G5/2. 7/2. ~J / 2 . 11 /2 ~ (0 3F)y 4GS/2. 7/2. 9/2.11 /2 
3. AEL (a 3P)Z 2D3/2 ~ (A3P)Z 2P3/2 . 
4. AEL (a 3P)Z 2P3/2 ~ (A3F)y4F3/2 

5. AEL (a :JP)z 2D5/2 ~ (MF)y 4F5/2 
6. AEL (a 3F)y 4F3/2. 5/2 ~ (A3F)z 2D3/2. 5/2 
7. AEL (a 3G)X 4F3/2 ~ (A3P) 2D3/2 
8. AEL (a 3F)y 2Ds/2 ~ (A3P) 2D5/2 
9. AEL (a3F)y2D3/2 ~ (3G)X 4F3/2 
10. (0 1 I)y2I13/2. ~ (1I)z 2K1:1/2 
11. (a IG)W 2H9/2 . 11 /2 ~ (1I)x 2H9/2 . 11 /2 

12. AEL (0 3D)x 2F5/2. 7/2 ~ (NG)x 2F5/2. 7/2 
13. AEL (a IG)W 2Fs/2. 7/2 ~ (3D)w 2F5/2. 7/2 
14. AEL (b 3F)u 2G7/2. 9/2 ~ (B3F) 4G7/2, 9/2 

In the first instance, the eigenfunctions of the levels 
z 4PS/2 and Z 6Ds/2 were mixed considerably. Without 
the exchange the splittings of the two terms z 4p and 
z 6D were very bad, whereas after the exchange they 
were excellent. 

Although the eigenfunctions of the levels of the 
terms z 4G and y 4G are mixed slightly, it is apparent 
that the parents of these two terms are not correct 
in AEL and thus should be exchanged as indicated in 2. 

In the first diagonalization the term (A3F)2D was at 
67000 and the term (NP)2D at around 69,500. Thus , the 
pa~ents of z 2D and y 2D do not seem to be correct as 
given in AEL and so we made the exchange 
(a 3P)Z 2D ~ (a 3F)y 2D. Some high deviations of around 
600- 700 still appeared in the individual least squares 
for the terms (MP)2P, (A3F)2D, (A3F)4F, (A3P)2D and 
(3G)4F. However, by making the changes 3, 4, 5, 6, 
7, 8, and 9 the agreement of all the levels involved 
was improved considerably. Although these changes 
are quite numerous, it should be emphasized that in 
most cases the eigenfunctions of the levels involved 
were strongly mixed. 

The eigenfunctions of the levels (1I)z 2K l :J/2 and 
(I1)y 21 13/2 are mixed considerably. The exchange 10 
improved the agreement of these 2 levels as well as 
the splittings of the terms z 2K and y 2I. 

Theoretically, the te rm (A I G)2H is predicted at ,~ 
around 74,500, whereas the term (II)2H is predicted 
at around 77,500. Thus, it is necessary to exchange 
x 2H and w 2H as indicated in n. Changes 12 and 13 
are similar to 11. 

The term (B3F)2G is predicted at around 94,000. < 
Thus, if the experimental levels of Ll 2G are fitted to 
the theoretical levels of the same term designation, -< 
then the resulting deviations are about -3000. How­
ever, the term (B3F)4G is predicted at 91,000. There- ~ 
fore, if the levels of Ll 2G are fitted to (B~F)4G7/2 , 9/2, 

the agreement is excellent as the deviations in the 
general least squares are then only 194 and 223 (in .c: 

the individual least squares they are 141 and 160). 
Most of the changes in this investigation, and -< 

especially the change in assignment 14, indicate that I 

poor agreement can be obtained by using the Russell­
Saunders approximation. In the L- S approximation 
[3] the rms error was 550, which was partly attributed 
to the fact that the term (B3F) u 2G had a very large 
deviation. This term was then neglected altogether 
and subsequently the rms error was reduced to 384. 
Actually, the levels u 2G can be fitted very nicely if 
assigned to (B:lF)4G. 

In the GLS of Racah and Spector [3] , deviations of 
735 and 1117 were obtained for the terms (a 1 D)w 2D 
and (a ID)v 2F, respectively. The deviations we ob­
tained were much lower. In the GLS, the deviations 
for w 2D were 348 and 307, whereas for v 2F they were 
461 and 451. In these two cases the deviations were 
reduced because of {3 and T, since in the GLS with >( 

{3 and T eliminated the deviations for these two terms 
were of about the same magnitude as those obtained by , 
Racah and Spector [3]. 

In the individual least squares of the first iteration 
the rms error was 292. In the second iteration, with 
{3 and T eliminated, the rms error was redu ced to 287. 
When {3 and T were allowed to change freely, the rms ~ 
error dropped to 200. In that variation the values of I 
{3 and T were I 

{3 =-495± 64 

T =-4.1 ±0.4. 

The agreement between the experimental and calcu­
lated g values is very good. 
Mn II-3d54p 

From 88 theoretical terms splitting into 214 levels, 
only 20 experimental terms splitting into 66 levels are 
given in AEL. In the individual least squares, the fol­
lowing change in assignment was performed 

There was some mixing between the eigenfunctions 
of the levels involved and the deviations as well as the 

I 
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splittin g or the terms z 5D and z 5F were improved 
con sid e rabl y after the exchange . 

The two Land e g values for the levels (a 4G)Z 5G~ and 
(a .IG)Z 5H:1, give n in AEL, seem to be misprints. The 

;r calculated g valu e for the level z 5G~ is 0.338, whe reas 
th e theore tical g value for 5G2 is 0.333. Thu s, th e 
experime ntal value of 1.31 does not fit for thi s leve l. 
Similarl y the calculated g value for z 5H:l is 0.519 , a nd 
the theoretical g value for 5H3 is 0.500. Again , th e 
ex peri me ntal value of 1.30 cannot be acce pted for thi s 
le ve l. We tried to refer to the original wo rk on the 
meas urements of the g-values, but this work was per­
formed by Catalan and the results were not publi s hed. 

In the first iteration , the rms error in the individual 
leas t squares was 180. In the second iteration with f3 
and T eliminated, the rms error was reduced to 172. 
As explained b y Racah [17], the parame te r T has ver y 
littl e signifi can ce in the configuration d5p. Thus, we 
only con s idered the variation with f3 free and T elimi­
nated. Th en, th e rm s error was reduced to 167 , with f3 
having a valu e of - 410 ± 97. 

We tri ed to fit the levels ofIgles ias and Velasco [14] 
in th e individu al as well as th e general le as t squares. 
Iglesias a nd Ve lasco ass ign 50 ne w term s s plittin g 
into 108 le vels to th e configuration 3d54p. Of th ese, 
the three levels of the term w 5p s hould be a ssigned to 
3d5(a 6S )5p5P. This follows sim ply from the fac t that 
th ese three leve ls are not ne w and were already give n 
in AEL with that a ssignment. The y de finit ely do not 
belong to th e co nfiguration 3d54p. In addition , th e 
le vel x5F I a t 81237 was rejec ted as it would fit only with 
a devi a tion of -1300 in the CLS. Th e n, by insertin g 
104 ne w le ve ls in the individual leas t squa res of th e 
second iteration with T eliminated a nd f3 free, th e rm s 
error in creased from 167 to 226. In th at variation, the 
value of {3 was - 356 ± 37. In th e CLS the 104 new 
le vels fitt ed very well and the rm s error did not ri se 
by th e in sertion of these levels . Also, the experime nta l 
g va lues of Iglesias and Velasco fitt ed we ll to the cal­
culated g values. 

Th e following c ha nges in ass ignment we re made for 
the 104 new leve ls: 

1. (4F)x sF 2 ~ (4F)y5G2 

2. (4F )x sF 3 ~ (ND)x 3D3 
3. (4F )x sF 4 ~ (NF )y3G4 

4. (NG)y IG4 ~ (4F )v 3F4 

5. (N G)v :JGs ~ (NG)y I Hs 

When th e le vels of the term x 5F were assigned to 
the th eoreti cal le vels of (4F)x SF the deviation s were 
around - 1000 for th e le vels of J equal 2- 5 , and almost 
- 1500 for x SF I. Several variation s were atte m pted 
to red uce these devia tions. Howe ver, in all cases th e 
magnitud e of the devia tion for x 5F I was always greater 
th an 1000. Thus, we rejec ted thi s le ve l. After the ex­
changes 1, 2, and 3 the agreeme nt be tween th e ob­
se rved a nd calc ul ated va lu es of th e levels a nd g fac tors 
of th e terms y 5G, x 3D a nd y:JG is ver y good. The agree­
me nt of th e four re maining le ve ls of x5F is also quite 
good. However , here th e ex perim ental a nd calculated 
splitLin gs of (4F)x SF do not co rres pond as closely as 
for th e othe r three term s, yaG, x:ID and y5G. 

The c hanges 4 and 5 were acce pted because of the 
s ub sequent improveme nts in the fittin g of all the le vels 
involved. The calculated interva ls be tween the levels 
of the terms v 3F and v 3C also corresponded more 
c los ely to the experim ental inte rva ls afte r th e c hanges . 

All th e new levels of Iglesias a nd Ve lasco [14] are 
of uns pecified parentage. In table 16 th e calcul a ted 
pe rce ntage composition of each level is indi cated. 
F e [J -3d64p 

In th e configuration d6p there are 68 th eore ti cal 
te rms s plittin g into 180 levels. In AEL, 54 experi ­
mental te rms s plitting into 149 levels are given. All 
th e experime ntal le vels were inserted, with the fol­
lowing c hanges in assignment: 

1. (a 3H)z 4H9/ 2 . 11 /2. 13/2 ~( - - ----;» (a 3H)z 419/2.11 /2.1 3/2 
2. (a 3D)x 2Fs/2. 7/2 ) (AIG)2F5/2. 7/2 

As in mos t ins tan ces of c hanges in assignm e nt , here 
also the eige nfunctions of th e levels involved in both 
c hanges are mixed consid erably. 

The term whose experime ntal ass ignme nt is 
(a 3D)x 2F , is fitted to (AI G)2F , whereas th e levels of 
w 2F are fitted to (A3D)2F. The other term s, with no 
specified parentage in AEL, i. e ., x 2H and w 2H , a re 
assigned to (AIG)X 2H and (11)w 2H, respec tively. 

In the first iteration the rms error in the individu al 
leas t squares was 277. In the second iteration with {3 
and T allowed to change freely the rms error was 
reduced to 176. In th at variation the values of f3 and 
Twere 

{3 = -525±39 

T = -3 .5±O. 3 . 

Th e valu e of 176 s hould be co mpared with the rms 
errnr of 366 in the-L -S approximatio n [3]. 

In AEL , 29 very high odd levels are given without 
a ny configura tion ass ignme nt. It is poss ible to assign 
several of these levels to the configuration 3d64p. 
However , it is quite likely th at mos t or all of these 
le vels actually belong to the configurations 3d 54s4p 
and/or 3d65p . Thu s, we did not insert an y of them in 
the least squares calculations . 

At this opportunity we wi sh to point out a misprint 
in AEL. The term y 6p should be labeled as 
3d 54s (a 7S)4p , and not as 3d6 (a 7S)4p . 
Co II-3d 74p 

From 48 theoretical terms , splitting into 110 levels, 
only II experimental te rms s plitting into 37 levels 
are give n in AEL. All known terms are based on 
4p and 4F of 3d7• Thu s , the para me ters C a nd a mu st 
be kept fixed in the least squares calc ul a tions in order 
to obtain meanin gful res ults . The 37 ex perime ntal 
le vels fitted without changes in ass ignme nt. T he 
agreement be tween the experime ntal a nd calcula ted 
g valu es was ver y good . In the individual leas t squares, 
the rms error was 148. As expected , this is only a s mall 
improve me nt from the valu e of 158 obtained by Racah 
and Spec tor [3]. The level 3d7 (a 4P)4py"DI ' whic h 
is given with a question mark in AEL, fits nicely to 
the calculated level with the same assignment. 
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Ni u- 3d84p 
As in Ti II -3d24p, the only term missing in this 

configuration is 3d8(1S)4p2P. The 18 experimental 
terms split into 43 le vels. There were no changes in 
assignment, and the rms error in the individual least 
squares was 158 for both iterations. As in Ti II , since 
there are no levels based on d8 IS , the parameters 
f3 and T must be eliminated in the individual least 
squares. The two leve ls of the term ('G)x 2F, which 
are given as uncertain in AEL, fit quite well, although 
in the last GLS the deviation for the level ('G)x 2F5/2 
was-526 . 

Th ere is considerable sharing in g values between 
the ex perim ental levels ep)y 2p' /2 and (OP)z 2S' /2. 
This is ev ide nt from the fact that the experimental g 
value of y 2p' /2 is given as 1.039, whereas the theoreti­
cal g valu e for 2p '/2 is 0.667 and the theore ti cal g value 
for 2S' /2 is 2.000. However, the calculated eigenfunc tion 
of (3P)2P has only 5 percent of ep)2S and so the experi­
mental g value of 1.039 fits poorly to the calculated 
value of 0.730. Although the experimental values of the 
two levels y 2p' /2 and z 2S' /2 differ by 380, the calcu­
lated levels in the GLS differ by 923. 

The agreement between the experimental and calcu­
lated g values of the other levels is very good. 
Cu II-3d!! 4p 

In thi s configuration all th e 6 theoretical terms 
splitting into 12 levels are known experimentally. The 
followin g c hanges in assignment were performed: 

The above changes are analogous to those of 
Zn III - 3d94p [2], and again th e eigenfunctions of the 
levels involved are mixed. In the individual least 
squares the rms error was 119. 

The agreement between the observed and calculated 
g-factors of the 3D] and 'PI levels in the general 
treatme nt is poor. However, in the individual treatment 

of the configuration Cu II-3d!! 4p the agreement for 
all the g-factors is exce llent. 3 Thus, since the param­
eters were forced to be linear in the general treatment 
the theoreti ca l levels olD, and 'P, were not mixed 
prope rly. 
Zn II - 3d'o 4p 

This confi guration consists of onl y 1 term splitting 
into 2 levels and is use ful in ob ta ining a value for ~/" 

4. Table Entries 

4 .1. Parameters: Tables 1 -10 

In the general diagona lization all the parameters 
with the exception of ~(/ had approximate ex pressions 
of the form 

P(d"p) = P+ (n-5)6.P. 

In the general least squares then only P and 6.P 
were th e indepe nde nt parameters. 

For ~(/ we had 

Here ~(/ , 6.'~d and 6.2~d were the independent param­
eters in the general least squares. 

The numerical values of the paramete rs for the 
initial general diagonalization are given in the col­
umn GDIAG 1. 

\ 

j 

The columns ILSI and GLSI give the values of 
the parameters of the initial iteration with f3 and T 
eliminated, in the individual and general least squares, 
respectively. The columns ILS2 and GLS2 give the 
values of the parameters of the second iteration with I 
f3 and T eliminated, in the individual and general least ~ 
squares, respe ctively. The columns ILS'2 and GLS'2 
give the values of the parameters of the second itera­
tion with f3 and T free to change in the individual and 
general least squares, respectively. 

:1 Hesults to be published soon in a paper deal in /! s pecifi call y with the odd L:unfiguratillns 
uf eLI II. 

TABLE 1. Parameters of Sc II - 3d4p 

Parameters GDIAG 1 ILS 1 (A ll levels) GLS 1 GLS 2 GLS' 2 

A 29588 28972 ± 154 28926 28948 29071 

F, 287 244 ± 27 285 293 285 

C, 354 345 ± 39 330 334 .335 

C" 21 14 ± 13 26 26 26 

a 55 Fix 55 51 49 25 

~d 61 160 ± 194 54 51 55 

~,' 192 - 56±490 191 192 197 

Ll ... .... .... ...... 478 ........... . .... . . . . . . . . . . . . . . . . . . . 
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TABLE 2. Param.eters of Ti 11 - 3d'4p 

I 
Parameter GDIAG 1 ILS 1 GLS 1 lLS 2 GLS 2 GLS' 2 

A 37585 37568 ± 94 37596 37569 ± 94 37608 38241 

B 685 694 ± 9 701 697±9 692 718 

C 2291 2358 ± 69 2336 2349 ± 69 2327 2420 

F, 299 288 ± 9 295 286 ± 9 302 295 

C, 348 329 ± 12 326 328 ± 12 331 330 

C" 24 26 ± 4 28 2.,) ± 4 28 28 

a 60 57 ± 10 57 57 .± 10 56 30 

(3 ... ......... ... . . , . . . . . . . . . .. .., .. .... .... Fix 0 Fi x 0 - 426 

T .. .. .. . ........ . . . .. F' ix 0 Fix 0 - 3.2 

~" 93 J32 ± 55 1 ]6 J34 ±.5S 11 8 123 

{" 235 209 ± 137 229 216 ± J38 230 226 

~ . . . . . . . . . . . . . . . . . 320 ... ..... . 319 . . . . . . . . . .. . . . . . . . . . . . 

TABLE 3. Porameters of V 1I -3d"4p 

Param ete r GDIAG 1 ILS 1 GLS 1 lLS 2 GLS 2 GLS ' 2 

A 49601 49698 ± 90 4966 ] 497S0 ± 79 49628 50344 

B 750 75S ±5 763 764 ± 5 756 773 

C 2605 2602 ± 26 2630 2629 ±24 2625 2749 

F, 3ll 319 ± 8 306 306 ± 7 312 306 

C, 342 325 ± 8 323 326 ± 7 327 325 

C" 27 34±3 30 34 ±3 30 30 

a 65 63 ± 4 63 60±4 62 34 

(3 ..... ..... ... . .. ...... .... .... . .... .. .... .... Fix 0 F ix 0 -436 

T ...... . ......... .................... . ..... . . Fix 0 Fix 0 -3.2 

~" 143 199±44 185 183±39 191 197 

r 
I ~" 278 209±99 267 196 ± 89 268 255 

~ ...... .......... . 284 . ..... ... 269 . .......... . . . . . . . . . . . . 

f 
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TABLE 4. Parameters of Cr II - 3d<4p 

Parameter GD IAG I ILS 1 GLS 1 I LS 2 I LS' 2 GLS 2 GLS' 2 

A 6864.5 68493 ± 12.5 68679 68.502 ± 123 69338± 116 68673 69142 

B 81.5 818±5 82.5 816 ±.5 833 ± 4 820 828 

C 2919 2959± 17 2923 2961 ± 16 3092± 19 2922 3078 

F2 323 314±7 316 316 ± 6 3 10 ±.5 32 1 3 16 

G, 336 321 ±7 320 324±7 321±.5 323 320 

G" 30 31 ±2 32 30±2 32±2 31 32 

a 70 66 ±3 69 64±3 34±4 68 38 

f3 ........... ..... . . .... . .. ....... - , .. .... ... .. . . . . . . . . . . . . . . . .... -495± 64 .. .. . . .. .. -44.5 

T .... ....... . .. .. . ......... .. . ... ... ... .. .. ... ........ ... . .. . -4.1±0.4 ............ -3.2 

~" 211 208 ±46 262 230±38 283±31 270 277 

~" 321 318±81 305 362±74 309±.55 306 283 

1:1 . . . . . . . . . . . . . . . . . 292 .. .......... 287 200 ........... . . . . . . . . . . . . 

TABLE 5. Parameters ofMn II-3d"4p" 

Parameter GD IAG 1 ILS 1 (66 GLS 1 ILS 2 ILS ' 2 GLS 2 GLS ' 2 
levels) 

A 73570 74.544±229 73829 73790± 151 73244± 133 73774 73586 

B 880 904 ±7 887 886±4 874±4 884 884 

C 3233 31.51 ± 17 3216 3220± 13 3334± ]6 3220 3407 

F, 335 318±9 327 313±7 320±6 33 ] 326 

C, 330 302±7 317 31l ±6 300±.5 320 315 

C" 33 36 ± 2 33 37±2 38±2 33 34 

a 75 74 ±3 75 73±2 .59±2 7.5 43 

f3 ..... .. . . . . . . . . . . .. , . ....... .. .... ........... Fix 0 -356 ±37 Fix 0 -456 

T . . . . . . . . . . . . . . . .. . ......... . ....... .... .... .. Fix 0 Fix 0 Fix 0 -3.3 

~d 297 452 ±78 347 394 ±48 412±38 354 364 

~" 364 446 ± 8.5 343 311 ± 78 361 ±62 344 312 

1:1 ......... . .... ... 180 ....... . ... 285 226 . ........... ...... .... .. 

" The parameters in ILS 1 and GLS 1 were obtain ed by not co nsidering th e levels of Igles ias and 
Velasco [14]. 

Th e parameters in ILS 2 and ILS ' 2 for Mn II as well as GLS 2 and GLS' 2 were obtained by using 
th e new levels of Iglesias and Velasco. 
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TABLE 6. Parameters of Fe I1 -3d"4p 

Paramete r GDIAG 1 ILS I GLS I ILS 2 ILS' 2 GLS 2 GLS ' 2 

7' A 64940 6,s176 ± 11 2 605089 65086± 11 2 65040 ± 73 65056 64998 

B 945 954±4 9.50 % 1 ±4 942 ±3 949 939 

C 3547 3506± 16 3.509 .3.5 11 ± 16 374,s ± 20 3.518 3736 

l 
F, 347 353±6 338 351 ±6 344±4 340 336 

(;, 324 326±7 .,) 14 .32 1 ± 7 309±4 3 16 310 

I C" 36 34±2 35 34 ± 2 36 ± 1 35 36 

a 80 84±3 81 83 ±3 4,s ±3 81 47 

{3 .... ...... ... .. .. .... .... , . ..... ....... . .. Fix 0 -525 ± 39 Fi x 0 - 4605 

T .. ..... ...... .. . .... ...... . .... Fix 0 - 3.o5 ± 0.3 Fix 0 - :3.3 

Sol 401 462 ± 39 439 463 ±39 4.51 ± 2,s 446 457 

Sp 407 374 ± 71 381 377 ± 70 377± 44 382 340 

(j. ... ... . ... ...... 277 .......... . 270 176 
" ..... . . . . . . . . . . . . . . 

----

TABLE 7. Parameters of Co 11-3d'4p 

Parameter GDIAG 1 I LS 1 GLS 1 ILS 2 GLS 2 GLS' 2 

A 60888 60900 ± 5 1 6J060 609 19 ± 6 1 6 1069 6]176 

B [OJ 0 992 ± 4 101 2 996 ± 5 1013 994 

C 386] Fix 3861 3802 Fix 3802 38105 4064 

F, 3.59 364 ±7 348 363 ± 8 3050 347 

C, 318 304 ± 8 3 11 .305 ± 8 313 .305 

C" 39 36 ± 2 37 37 ± 3 37 38 

a 85 Fix 85 87 F ix 88 87 5] 

{3 . ... . .. .. . ... . .. . . .. .. .............. ........... Fix 0 Fix 0 -475 

T ..... . .... . ...... .. . . .. ... ........ .......... . Fix 0 Fix 0 -3.3 

Sd 523 .502 ± 28 539 502 ± 28 542 557 

Sp 4.50 277 ± 75 419 262 ± 78 420 369 

(j. . . .. . ............. 149 . ....... ... 148 . ... .... . . . .......... 
'--

331 - 607- 0 - 69 - 2 
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TABLE 8. Parameters ofNi 11-3d84p 

Parameter GDIAG 1 ILS 1 GLS 1 ILS 2 

A 61720 61922 ± 55 61789 61921 ± 54 

8 1075 1058 ± 6 1074 1057 ± 6 

C 4175 4207 ± 44 4096 4208 ± 45 

F2 371 346±6 359 346 ± 6 

C, 312 300±6 308 300 ± 6 

C3 42 45 ± 3 39 45 ± 3 

a 90 68±6 93 68±6 

{3 ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . .. .. . . Fix 0 

T ..... . .. . ... . .. . ............ ... . ... . . ... . ...... Fix 0 

Sd 663 638±30 646 '638±30 

Sl' 493 344±62 457 343±62 

~ ............ ... ... 158 ............. 158 

TABLE 9. Parameters of Cu II - 3d94p 

Paramete r GDIAG 1 ILS 1 GLS 1 ILS 2 

A 7028] 69798±56 69225 69802±42 

F. 383 341 ±9 370 344±7 

C, 306 313 ± 11 304 305±7 

C3 45 38 ± 8 41 38±6 

a 95 Fix 95 100 Fix 100 

Sd 821 766±52 761 802 ±43 

Sp 536 589±93 495 502±82 

~ ....... .......... 154 . . . . . . . . . . . . 119 
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GLS 2 

61786 

1077 

4113 

359 

309 

38 

94 

Fix 0 

Fix 0 

646 

458 

GLS 2 

69226 

369 

305 

40 

100 

756 

496 

...... ... . 

GLS' 2 

62007 

[049 

4393 

357 

300 

40 

56 

- 485 

-3.3 

663 

398 

. . . . . . . . . . . . 

GLS ' 2 

69465 

367 

295 

42 

61 

727 

426 

. . . . . . . . . . . 

I 
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TABLE 10. General parameters of the second spectra of the iron group 

Parameter GDlAG 1 GLS 1 GLS 2 GLS '2 

B 880 887.4 ± 1.9 884.5± 2.1 883.6 ± 1.9 

ilB 65 62.1 ± 1.2 64. 1 ± 1.3 55.2 ± 1.2 

C 3233 3216.0±8.3 3220.1 ± 8.9 3406 .7 ± 12.8 

il C 314 293.2 ± 6.5 297.6±6.3 328.8 ± 9.7 

> F2 335 327.1 ± 2.7 330.6 ±2.6 326.2 ± 2.3 

il F2 12 10.6± 1.3 9.5 ± 1.4 10.3 ± 1.2 

G l 330 317.2 ± 2.8 319.8 ± 3.0 314.8 ± 2.3 

Ll G l - 6 -3. 1 ± 1.5 - 3.6 ± 1.4 - 5.3 ± 1.3 

G3 33 33.4 ± 1.0 33. 1 ± 1.0 34. 1 ± 0.8 

il G3 3 1.8 ± 0.6 1.8 ± 0.5 2. 1 ± 0.6 

0' 75 75 .1 ± 1.4 74.6 ± 1.3 42.6 ± 2.1 

ilO' 5 6. 1 ± l.l 6.3 ± l.l 4.3 ± 1.7 

(3 . ..... . .......... . . . . ... .. . . ...... . . Fix 0 - 455.5 ± 29.0 

il(3 . . .... .. . . .. .. . . . . . . .... . . . . . . . . . . . .... Fix 0 - 9.9 ± 29.7 

T ...... .. . .. .. . . ... ...... .... ... .. . .. Fix 0 - 3.3±0.2 

ilT .. .. . .... . . ... ..... ..... . .... . ...... Fix 0 0.0 ± 0.2 

~d 387 384.8 ± 26.5 385.4 ± 28.6 396.1 ± 24.0 

ill ~d 95 88 .4 ± 7.6 87.9±8.1 89 .9 ± 6.8 

> il2 ~d 9 3.8 ± 3.8 3. 1 ± 3.6 3.2±3.3 

~p 364 343. 1 ± 31.6 344. 1 ± 30.9 311.8 ± 26 .7 

il ~p 43 38.0 ± 14.7 38.1 ± 14.1 28.6 ± 13.2 

il . . . . . . . . . . . . . . . . . . 295.2 294.3 231.4 

i 

~ 
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FIGURE 1. Initial interpolation o/parameter B with values obtained 
from in dividual diagonalizations 0/3d"4p configurations. 
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FIGURE 2. Initial interpolation 0/ parameter C with values obtained 
from individual diagonalizations 0/3d"4p configurations. 
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FIGURE 3. Initial interpolation a/parameter F2 with values obtained 
from individual diagonalizations of 3d"4p configurations . 
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FIGURE 4. Initial interpolation 0/ parameter G, with values obtained 
from. individual diagonalizations of 3dn4p configurations. 
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FIGURE 5. I nit ial interpol at ion 0/ param.eter G" with values obtained 
/rom indivielual diagonalizatioTls 0/3d"4p configurations. 
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FI GURE 6. Initial interpolation 0/ parameter a with values obtained 
f rom individual diagonalizations 0/3dn4p configurations. 
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FIGURE 7. Initial interpola.tion a/parameter ~"with vallies obtained 
from individual diagonalizations of 3d"4p configuratioTls. 
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FIGURE 8. Ini tial interpolation 0/ parameter 1;" with val lies obtained 
from individual diagonalizations 0/3dn4p configlirations. 
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4.2 . Levels: Tables 11-21 

In th e column " NAME" the calculated des ignation 
of th e te rm is give n. Whenever terms of the parent d /I 

;J have djfferent seniorities these are deno ted by the 
le tte rs A a nd B (for do 2D by A, B and C) , the lowe r 

~ ca lc ulated term being designated by A. Whenever a 
calc ulated term has a corresponding experimental 
te rm , the s mall letters z, y, x ... are used as in AEL 

~ [151-
I ' rhe e ntries in the columns "J", " OBS LEVEL 
>- (c m- I ) " and " CALC. LEVEL (cm - I )" are self.evident. 
I In the column " PERCENTAGE", for each calc ulated 

le ve l either the three hi ghest contributions or all 
those cun tributions exceeding 5 percent are given. 

Wh e ne ver the experim ental and calculated term 
designations differ, the expe rim e ntal designation is 
e ntered in the column " AEL" us in g th e notation of 
C. Moore [15]. In ma ny in s tan ces the exchanges 
involve co mplete terms rather than isolated levels . 
Unl ess specified otherwise the e ntri es in th e column 
" AEL" pertain to exchanges in term s. Th e column 
" O- C" gives the difference be tween th e observed and 
calculated values of the levels. The column s " OBS. 
g-F ACTOR" and "CALC. g-FACTOR" give the values 
of the observed and calculated Lande g-factors, 
res pectively. 

The entries are in ascending order of magnitude 
of the calc ulated te rms. Th e values of the levels and 
parameters are in c m- I • 

TAIJI.E II. Observed and calcula led levels oj Ca " 4p 

OBS. CA I .e. OBS. CA Le. 
NA ME .I PERCENTACE AE L LEVEL LEV EL O- C ,,-FA CTOR ~- FACTOR 

(e m- ' ) (e m- ' ) 

('S)z' IJ 1/2 100 25192 25196 - 4 0.667 
3/2 100 254 14 25410 4 1.333 

TAIJ I.E 12. Observed and colcll iaterl levels oj Sc II 3d4p 

OBS. CA LC. OBS. CALC. 
NAJ\IE .I PEI'l.CENTACE AEL LEVEL LEVEl. O- C ,,-FACTOR g-FACTOR 

(e m- ') (e m- ' ) 

(, O)z '0 2 99 26081 26371 - 21)0 1.00 0.997 

(, O)z "F 2 97 27444 27553 - 109 0.6S 0.678 
:3 1)7 27602 2761)0 - 88 1.1 0 1.093 
4 100 2784 1 27908 - 67 1. 2S 1. 250 

(,O)z " I) 1 100 27918 27916 2 0.51 0.50) 
2 98 28021 28009 12 1.16 1.158 
3 97 28161 28131 30 1.33 1.325 

(, O)z"P 0 100 30366 
1 99 30351 1.498 
2 100 30348 1.499 

(, O)z 'F 3 100 32350 31839 511 l.OO 1.000 

(, I) z 'l) I 99 32118 1.003 
-
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TABLE 13. Observed and calculated levels olTi 1I-3d24p 

OBS. CALC. OBS. CALC. 
NAME .J PER CENTAGE AEL LEVEL LEVEL O-C g· FACTOR g·FACTOR 

(em- I) (e m- I) 

(3F)z 4G 5/2 99 29544 29482 62 0.57 : 0.576 
7/2 99 29734 29670 64 0.98: 0.984 
9/2 100 29968 29901 67 1.172 

11 /2 100 30241 30] 74 67 1.273 

("F)z 4F 3/2 99 30837 30714 123 0.40: 0.405 
5/2 99 30959 30834' 125 1.03: 1.028 
7/2 99 311 L4 30996 118 ] .24: 1.238 
9/2 100 31301 31188 113 1.332 

{"F)Z2F 5/2 86 + 8('0)"F 31207 31406 - 199 0.86: 0.861 
7/2 90 + 8('0)'F 31491 31676 - 185 1.14: 1.143 

("F)z'O 3/2 76 + 1O(3F),,0 + 9(3P)20 , 31756 32141 -385 0.92 0.841 
5/2 64 + 23("F)40 + 8("P)20 32026 32393 - 367 1.20 1.231 J 

(:'F)z 40 1/2 98 . 32532 32598 -66 0.00 0.002 
3/2 89 + 9(3F)20 32603 32665 -62 1.20 1.163 
5/2 71 + 23(3F)2D 32698 32781 -83 1.37 1.357 
7/2 95 32767 32848 -81 1.43: 1.425 

("F)z'G 7/2 96 34543 34215 328 0.89 : 0.887 
9/2 95 34748 34422 326 1.11 : 1.114 

(" P)z'S 1/2 99 37431 37589 - 158 2.09 1.996 

('O)Z'P 1/2 98 39675 39524 151 0.67: 0.673 
3/2 92 39603 39328 275 1.21 1.322 

(IO)y 'F 5/2 88 + 8("F)'F 39927 39479 448 0.86: 0.866 
7/2 90 40075 39596 479 L.l4: 1.145 

("P)Z4S 3/2 83 + 13(' 0)' 0 40027 40058 -31 1.814 

(10)y 2O 3/2 63 + 14(3P)4S + 7('0)20 39233 39878 - 645 0.80: 1.019 < 
5/2 74 + 12(3P)40 + 7(3P)20 39477 40082 - 605 1.20: 1.208 

(3P)y 40 1/2 97 40330 40165 165 0.008 
3/2 90 + 7(10)20 40426 40262 164 1.166 
5/2 88 + 9(10)20 40582 40410 172 1.348 
7/2 95 40798 40623 175 1.426 

(3P)z 4p 1/2 100 41997 41964 33 2.663 
3/2 99 42069 42023 46 1.730 
5/2 99 42209 41172 37 1.596 

(IG)y 2G 7/2 96 43741 43660 81 0.89: 0.886 
9/2 96 43781 43689 92 1.11: 1.108 

(3P)x 20 3/2 80 + 12(1 0)20 + 6(3F)2D 44915 44780 135 0.80: 0.803 
5!2 81 + 1l('0)20 + 6(3f)20 44902 44759 ]43 1.20: 1.201 

(IG)Z 2H 9/2 99 45674 45231 443 0.909 
< 

11 /2 100 45905 45463 442 1.09] 

(3P)y 2p 1/2 99 45473 45851 - 378 0.66: 0.666 
3/2 98 45549 45932 -383 1.33: 1.329 

(IG)X 2F 5/2 98 47625 48254 -629 0.86: 0.858 
7/2 98 47467 48075 -608 1.14: 1.142 

(IS)2P 3/2 98 62345 0.666 
5/2 99 62639 1.332 '1 
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TABLE 14. Observed and calculated levels o/V 1J-3d34p 

OB5. CALC. OS5. CALC. 
NAME J PERCENTAGE AEL LEVEL LEVEL O- C g-FACTOR g-FACTOR 

(em- ') (em- ') 

(,'F)z 5G 2 100 34593 34569 24 0.31 0.334 
3 100 34746 34735 11 0.93 0.917 
4 100 34947 34952 -5 1.14 J .150 
5 100 35193 35218 . - 25 1.16 1.267 
6 100 35483 35532 -49 1.333 

(4F)z 5F 1 71 + 26(4F)30 36489 36610 - 121 0.35 0.166 
2 79 + 16(4F)30 36674 36769 -95 1.08 1.046 
3 92+ 5(4F)30 36919 36973 -54 1.24 1.262 
4 99 37151 37194 - 43 1.349 
5 99 37352 37430 - 78 1.40: 1.398 

(4F)z 3D 1 46 + 27(4F)5F + 23(4F)50 36955 37081 - 126 0. 24 0.596 
2 35 + 43(4F)50 + 18(4F)5F 37041 37174 - 133 1.08 1.280 
3 65 + 27(4F)50 (a 4F)z 50 37521 37774 - 253 1.47 1.379 

(4F)z 50 0 98 37201 37187 14 
] 74 + 20(4F)30 37259 37299 - 40 1.39 1.239 
2 52 + 41 (4F)30 37369 37494 - 125 1.39 1.338 
3 69 + 22(4F)30 + 7(4F)5F (a 4F)z 3D 37205 37356 - 151 1.32 1.444 
4 97 37531 37630 - 99 1.44 1.496 

(4F)z 3G 3 94 + 5(2G)3G 39234 39002 232 0.84 0. 753 
4 93 + 5(2G)3G 39404 39208 196 1.03 1.054 
5 93 + 5(2G)3G 39613 39467 146 1.19 1.203 

(4F)z 3F 2 96 40002 40140 - 138 0.65 0.667 
3 96 40196 40365 - 169 1.02 1.081 
4 96 40430 40638 - 208 1.22 1.252 

(4P )Z 5p ] 99 46755 4640] 354 2.28 2.490 
2 98 46880 46526 354 1.65 1.820 
3 99 47052 46701 351 1.58 1.661 

> (4 P)y 5 O 0 62 + 30(4 P)" P (04 P)Z:'P 46586 46567 19 
1 69 + 27(4 P)" P 46690 46646 44 1.44 1.496 
2 52 + 40(4P)"P 46740 46750 - 10 1. 48 1.501 
3 98 (04 P)y 5O 47181 47040 141 J .48: 1.498 
4 98 47420 47282 138 (2 .28) 1.500 

(4 P)Z "P 0 j 1 + 36(4 1')50 + 6(,P)'5 (a 4P)y 5O 47028 47011 17 
1 62 + 29(4 1')50 + 6(A' 0 )"P 47108 47079 29 1.43 1.507 
2 45 + 46(4 1')50 47102 47040 62 1.47 1.506 

(,G)z "H 4 89 + ll(2H)"H 47056 46979 77 0.78 0.801 
5 88 + ll (2H)"H 47297 47228 69 1.01 1.032 
6 89 + ll r" H)"H 47608 47543 65 1.13 1.167 

(,G)y"G 3 89 + 6eF)"G 48580 48644 -64 0.67 0.761 
4 9] + 6(4F)"G 48731 48792 -61 1.02 1.052 
5 86 + 6(4F)"G + 5(2G)' H 48853 48920 - 67 1.22 1.186 

(, P)z '5 0 92 + 8ep)"p 48258 49030 -772 

(,G)z 'G 4 55 + 38r" G)"F (a'G)y"F 49269 49384 - 115 1.1 8 1 1.106 

r"G)y "F 2 71 + 19(NO)3F+6(2P) 'O 49202 49410 - 208 0.63 0.692 
3 69 + 12(2G) 'F + 12(A20)3F 49211 4944::' - 224 0.99 1.061 
4 47 + 42(2G)'G + (N O)" F (o'G)z'G 49724 49768 -44 0.96 1.132 

('G)z 1 H 5 75 + 17r" H)' H + 6('G)"G 49593 4954', 46 0.95 LOll 

(4P)Z '5 2 97 49731 49690 41 1.986 

r"G)z 'F 3 70 + 12(2G)"F + ll (N O)' F 49568 49920 -352 0.97 1.012 

(, P)z 10 2 50 + 28(N O)' 0 + lO(, G)" F 49898 50249 -351 0.93 0.996 
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NAME J 

(,P)y"P 0 
1 
2 

('P)y:IO ] 

2 
3 

(' H)y :I H 4 
5 
6 

('p)x:IO 1 
2 
3 

(,p)z :IS J 

(N O)x"F 2 
3 
4 

(NO)z II" 1 

(,H)z"l 5 
6 
7 

(NO)w"O 1 
2 
3 

(, H)y 'C 4 

(NO)x:lp 0 
1 
2 

(A20)y IF 3 

(2H)z '1 6 

(2H)y IH 5 

(2H)x 3G 3 
4 
5 

(4P)y 35 1 

fP}Y Ip 1 

(A20)y 10 2 

(2F)w:lF 2 
3 
4 

(2F)w 3G 3 
4 
5 

(2F)x 10 2 

(2F)v 3D r 
2 
3 

(2F)x IG 4 

TABLE 14. Observed a.nd calculated levels oJV 11- 3d"4p-Continu ed 

OES. CALC. 
PER CENTACE AEL LEVEL LEVEL O- C 

(e m- I) (em-I) 

71 + 28(A"0 )'I P 50662 50412 250 
66 + 29(A"0)" p 5073'1 50504 2:~5 
57 + 25(A" 0 )" 1" + 8(,1")"0 5 11 23 50942 181 

72 + 2 1 (4 1")"0 + 6('F)" 0 50474 508 18 - 344 
59 + 14('1P),,0+7(,P)"P 50775 5 1136 -361 
67 + 23('P)"0 + 6('F)" 0 51086 51394 -308 

87+ lO('G)'IH 52083 51838 245 
88 + I 1 (,G)'IH 52 154 51914 240 
88 + 11 ('G)" H 52253 52022 231 

64 + ]9(' P),,0 + 7(NO)"0 52604 52244 360 
62 + 18('P),,0 + 9(NO),IF 52700 .52200 500 
6.5 + 24('P),,0 52767 .52228 .539 

89 + 7ep}'S 52 181 .52417 - 236 

69 + 1.5(,C),'F + 7('P),,0 52246 .52279 - 33 
77 + 15(,C)"F 52392 .52428 -36 
85 + l4('G)"F 52658 52.577 8] 

67 + 22(' P)' I" + 6(41")"0 (II'P)Z I I" .52804 52.564 240 

99 52878 52524 354 
99 53077 52726 351 

100 53320 .52976 344 

90 53751 .53433 318 
93 53869 .53597 272 
93 53927 53726 201 

84 + 13('F)IC 54144 54564 - 420 

63 + 26(2 P)3 P + 11 (4 P}'.P 54813 54737 79 
59 + 24(' P)'IP + 12ep)"p 54718 54634 84 
60 + 26(' P)'IP + 12('1")'11" 54716 54598 ]l8 

82 + ll(2G)IF 55142 54752 390 

99 55403 54902 501 

78+ 19(2G) IH 55499 55204 295 

93 55350 55756 - 406 
93 55304 55779 - 475 
92 55207 55702 - 495 

56 + 23(2p),P + 7(2P)35 5.5663 55860 - 197 

48 + 33(4P)3S + 16(A2O)IP (a. 20)y Ip 5617] 56180 - 9 

61 + 37(2P)10 57343 57107 236 

97 62085 62485 - 400 
96 62133 62495 -362 
96 62176 62520 - 344 

9.5 64057 63669 388 
94 64131 63737 394 
97 64229 63820 409 

84 + 14(B2O)10 64586 64881 - 295 

96 64931 65315 - 384 
95 64804 65181 - 377 
95 64604 64972 - 368 

86 + 13(2H) IG 65790 65568 222 
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OBS. 
,,·FACTOR 

1.39 
LSI 

0.49 
1.11 
1.27 

0.70 
0.98 
1.04: 

0.63 
1.10 
1.26 

1.85 

0.68 
1.07 
1.18: 

0.92 

0.84: 
0.98: 
1.1l: 

0.49: 
1.10 
1.37 

1.00 

0.94 

1.01: 

1.03: 

0.82 
1.02 
1.15 

1.92 

LOS: 

0.98 

0 . .58: 
1.00 
1.36: 

0.72: 
1.02 

1.03: 

0.46: 
1.02: 
1.22: 

0.94 

CALC. 
,,·FACTOR 

1.492 
1.447 

0.511 
1.186 
1.324 

0.802 
1.032 
1.164 

0.558 
l.l1O 
1.320 

1.972 

0.735 
1.101 
1.230 

0.974 

0.836 
1.02.5 
J.l43 

0 .. 522 
1.172 
1.326 

1.002 

1.504 
1.498 

1.006 

1.001 

1.005 

0.765 
1.042 
1.196 

1.646 

1.329 

1.002 

0.670 
1.076 
1.248 

0.7.51 
1.053 
1.200 

0.999 

0.501 
1.162 
1.330 

1.002 

.I 
1 



TABLE 14. Observed and calCillated levels oj V I1 ·3d34p - Contin ued 

OBS. CALC. 
NAME J PERCENTACE AEL LEVEL LEVEL O- C 

(e m- I) (em- I) 

(2 F)x 'F 3 96 66304 66922 - 618 

(B2Oj"0 1 97 76394 
2 96 76395 
3 97 76426 

(B2O)'0 2 66 + 27(B2OPF 77554 

(B2O)3F 2 72 + 24(B2O)'D 77776 
3 97 77732 
4 99 77815 

(B2D)3P 0 100 79552 
I 99 79451 
2 99 79246 

(B2O)' F 3 98 79612 

(B2O)IP 1 100 83501 

TABLE ]5. Observed and calculated levels oJCr 11 -3d'4p 

08S. CALC. 
NAME J PERCENTAGE AEL LEVEL LEVEL O- C 

(em- I) (e rn - I) 

(5 D)z 6F 1/2 100 46824 46697 127 
3/2 100 46906 46785 121 
5/2 100 47041 46930 III 
7/2 100 47228 47131 97 
9/2 100 47465 47384 81 

11 /2 100 47752 47688 64 

(5 D)z 6p 3/2 38 48399 48190 209 
5/2 98 48491 48328 163 
7/2 100 48632 4852Q 103 

(5D)z 4p 1/2 67 +31(50)60 48750 48782 - 32 
3/2 55+42(50)60 49006 49038 -32 
5/2 71 + 27(50)60 (a 5D)z 60 49706 49798 - 92 

(5 D)z 60 1/2 .69 +31(50)'P 49493 49470 23 
3/2 58 + 41(50)'P 49565 49574 - 9 
5/2 73 + 26(50)'P (a 50 )Z 'P 49352 49371 - 19 
7/2 99 49646 49649 -3 
9/2 98 49838 49881 - 43 

('O)z 'F 3/2 97 51584 51365 219 
5/2 97 51670 51473 197 
7/2 96 51789 51627 162 
9/2 96 51943 51828 115 

(5 0)Z '0 1/2 98 54418 54541 - 123 
3/2 98 54500 54641 - 141 
5/2 98 54626 54796 - 170 
7/2 98 54785 54991 - 206 

(3H)z 4H 7/2 82 + 16(3G)'H 63601 63787 - 186 
9/2 '80 + 16(3G)'H 63707 63900 - 193 

11/2 80 + 15(3G)4H 63849 64062 - 213 
]3/2 83 + 13(3G)4H 64031 64277 - 246 

(AW)y'O 1/2 87 + 7(A3F)'D 63802 63692 110 
3/2 86 + 8(A3F)40 64062 63970 92 
5/2 85 + 10(AW)'0 64449 64390 59 
7/2 80 + 14(A3F)'O 64924 64920 4 
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OBS. 
g-FACTO R 

0.95 

08S. 
g·FACTOR 

-0.689 
1.124 
1.314 
1.378 
1.416 

2.382 
1.875 
1.710 

2.844 
1.802 
1.624 

3.155 
1.824 
1.628 
1.577 
1.570 

0.406 
1.025 
1.248 
1.338 

0.007 
1.178 
1.376 
1.430 

0.680 
1.030 
1.138 
1.234 

0.000 
1.199 
1.380 
1.411 

CA LC. 
!,-FACTOR 

1.001 

0.50 
1.] 6 

3 
6 

1.331 

0.91 

0.75 
1.08 
1.25 

6 

5 
5 
o 

1.497 
1.498 

] .001 

1.000 

CALC. 
g-FACTOR 

- 0.665 
1.067 
1.314 
1.397 
1.434 
] .454 

2.388 
1.881 
1.714 

2.874 
1.799 
1.617 

3.124 
1.811 
1.643 
1.585 
1.552 

0.402 
1.031 
1.241 
1.337 

0.001 
1.200 
1.371 
1.428 

0.671 
0.966 
1.127 
1.226 

0.022 
1.202 
1.371-
1.427 



TABLE 15. Observed and calculated levels ofCrIl - 3d44p-Continued 

OBS. CALC. OBS. CALC. 
NAME J PERCENTAGE AEL LEVEL LEVEL O-C g-FACTOR g-FACTOR 

(em - I) (em- I) 

(3H)z 41 9/2 96 65218 .64938 280 0.738 
l 

11/2 95 65420 951&1 269 0.973 
13/2 96 65618 65363 255 1.112 
15/2 100 65813 65566 247 1.200 

(A3P)Z2S 1/2 73 + 7(A3P)'P 65030 65316 - 286 2.010 

(A3f)Z"G 5/2 79 + 14(3G)4G (a 3H)Z4G 66157 65233 - 76 0.593 0.574 
7/2 70 + 12(3G)'G + 9(A3F)'G 65257 65371 - 114 0.920 0.975 
9/2 59 + ] O(3G)4G + 8(A 3FJ2G 65384 65534 - 150 1.120 1.157 

11 /2 73 + 13(3G)4G 65710 65814 -'-104 1.265 1.269 
I 

(3H)z 2G 7/2 49 + 33(A 3F)2G + 7(3G)'G 65543 65804 -261 0.898 
9/2 41 + 31(A3F)'G + 17(A3F)'G 65680 65922 -242 1.121 

(A3P)y 4 P 1/2 76 + 13(A3P)2S 66257 66208 49 2.545 2.413 
3/2 90 66355 66255 100 1.671 1.723 
5/2 92 66727 66746 - 19 1.502 1.582 

(A3P)Z 'P 1/2 79 + 14(A3P)2S 66872 67104 - 232 0.880 
3/2 53 + 15(A3F)'O + 1O(A3P)20 (a 3P)Z '0 66650 66988 -338 1.158 

(A3F)y'F 3/2 51 + 21(A3P)2P + 14(A3F)20 (a 3P)Z 2p 67070 67130 - 60 0.783 
5/2 71 + 13(A3FJ20 (a 3P)Z 20 67012 67170 - 158 1.036 
7/2 76 + 10(3H)4G 67394 67272 122 1.188 
9/2 63 + 18(3H)4G 67449 67329 120' 1.277 

(3H)z'l 11/2 93 67506 67303 203 0.933 
13/2 95 67589 67443 146 1.079 

(A3F)z 2O 3/2 28 + 32(A3F)4F+ 16(A3P)'O (a3F}y4F 67380 67483 - 103 0.848 
5/2 50 + 18(A3F)4F + 13(A3F)20 67387 67399 - 12 1.171 

(3H)y'G 5/2 66 + 13(A3F)4G + 12(3G)4G (a 3F)y 'G 67344 67572 - 228 0.609 
7/2 60 + 18(A3F)4F + l1(A3f)'G 67334 67445 - 111 1.033 
9/2 5] + 32(A3F)'F+ 9(A3F)"G 67354 67483 -129 1.223 

ll/2 65+ 22(A3F)4G + 10(3G)4G 67369 67442 -73 1.264 

(A3P)z '5 3/2 70 + 17(A 3P)'P 68306 67813 493 1.978 1.748 

(A3F)x 4O 1/2 88 + 11(A3P)40 67860 68104 -244 0.007 
3/2 84 + 12(A3P)40 67870 68124 -254 1.190 
5/2 77 + 13(A3P)40 67868 68125 - 257 1.339 
7/2 69 + 19(A3P)40 67876 68142 -266 1.397 

(3H)z ' H 9/2 81 + 12(A'G)2H 68477 68547 -70 0.913 
11/2 84 + lO(A 'G)2H 68738 68856 - 118 1.094 

(3G)y 4H 7/2 83 + lWH)'H 68844 68712 132 0.671 
9/2 82 + 14(3H)'H 68993 68886 107 0.971 

11/2 82 + 13(3H)4H 69171 69077 94 1.131 
13/2 85 + 13(3H)'H 69388 69296 92 1.228 

(A3F)z 2F 5/2 50 + 21(3G)'F + 13(30),F 68583 68751 - 168 0.898 
7/2 59 + 18(3G)2F + 11(30)2F 68760 68932 -172 1.155 

(A3P)y 2O 3/2 65 + 28(A3F)20 (a 3G)x 'F 69348 68940 408 0.795 
5/2 66 + 20(A3F)20 (a 3F)y 20 69954 69484 470 1.170 

(3G)x 4F 3/2 81.+ 13(30)'F (a 3F)y 20 69639 69892 -253 0.418 
5/2 71 + 11(30)4F (a 3G)x 4F 69478 69885 -407 0.998 
7/2 60 + 11 (A3F)2G + 9(30)4F 69506 69854 -348 1.157 
9/2 60 + 13(A3F),G + 9(30)4F 69498 69837 -339 1.266 

(A3F)y2G 7/2 42 + 25(3H)'G + 11(3G)4F 69903 70044 - 141 0.951 
9/2 37 + 25(3H)2G + 15(3G)4F 70108 70277 -169 1.148 

(3G)y2H 9/2 57 + 19(3G)4G + 7(3H)4G 70394 70436 -42 1.000 
11 /2 47+ 34(3G)4G + 10(3H)4G 70399 70483 -84 1.171 
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NAME J 

('F)v ' D 3/2 
5/2 

(B"F)4F 3/2 
5/2 
7/2 
9/2 

(B:lP)4P 1/2 
3/2 
5/2 

(B:lP)4D 1/2 
3/2 
5/2 
7/2 

(B"F),G 5/2 
7/2 
9/2 

11 /2 

(B:lP)'D 3/2 
5/2 

(B:lF)'F 5/2 
7/2 

(B:lP)4S 3/2 

(B:lF)'G 7/2 
9/2 

(B:lF)4D 1/2 
3/2 
5/2 
7/2 

(B:lP),P . 1/2 
3/2 

(B"P)'S 1/2 

(B'G)'H 9/2 
11 /2 

(B'G)2G 7/2 
9/2 

(B:lF )2 D 3/2 
5/2 

(B'GfF 5/2 
7/2 

(B'D)'P 1/2 
3/2 

(B'D)'F 5/2 
7/2 

(B'DfD 3/2 
5/2 

(B 'S)2P 1/2 
3/2 

TABLE 15. Observed and calculated levels ofCrII-3d44p-Continued 

OBS. CALC. 
PERCENTAGE AEL LEVEL LEVEL O- C 

(em - I) (em - I) 

79+ 12(B"P)'D 86511 87233 - 722 
75 + 13(B"P)' D + 9(B"F)'D 86507 86774 -267 

97 89391 
93 89405 
95 89422 
98 89456 

95 89869 
88 + 6(B:lP)'D 89725 
82 + 7(B:lP)4D 89706 

70 + 26(B:lF)4D 90491 
61 + 24(B"F)4D 90408 
51 +20(B"F)4D 90288 
69 + 26(B"F)4D 9016(j 

94 90702 
95 (b 3F)u'G 90986 90792 194 
98 (b :IF)u'G 91103 90880 223 
99 90950, 

53 + 21 (B"F)'D + 17(IF)'D 91557 91280 277 
,50 + 18('F)'O + 15!B"F),O 91426 91119 307 

85 + 5(B:lF)4G 91473 
87 + 5(B ' GJ2F 91395 

97 92759 

98 93805 
98 93611 

72 + 27(B"P)4D 93975 
72 + 27(B"P)4D 93929 
72 + 27(B:lP)"'D 93828 
73 +27(B"P)4D 93650 

92 94788 
94 94530 

98 96187 

86 + 12(B'G)'G 97179 
98 97523 

97 97589 
86 + 12(B'C)'H 97744 

70 + 29(B:lPJ2D 98249 
. 71 + 29(B"P)'D 98110 

86 + 6(B"F),F 99314 
87 + 8(B"F)'F 99110 

96 111658 
95 111442 

95 112845 
96 113144 

99 115404 
99 115535 

97 131229 
97 131613 
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OBS. CALC. 
g-FA CTOR g- FACTOR 

0.800 
1.189 

0.419 
1.054 
1.243 
1.331 

2.594 
1.688 
1.547 

0.070 
1.204 
1.368 
1.419 

0.591 
0.991 
1.172 
1.273 

0.829 
1.220 

0.847 
1.141 

1.993 

0.989 
1.111 

0.004 
1.200 
1.370 
1.427 

0.696 
1.333 

1.969 

0.935 
1.091 

0.892 
1.086 

0.801 
1.192 

0.865 
1.141 

0.667 
1.332 

0.859 
1.143 

0.802 
1.199 

0.667 
1.333 

I 
I 

c 
I 
I 

I <. 



TABLE 16. Observed and calculated Levels of Mn 11- 3d'4p 

OBS. CALC. OBS. CALC. 
NAME J PERCENTAGE AEL LEVEL LEVEL O- C .Q'-FA CTOR .Q'- FACTOR 

(em - I) (e m- I) 

(15)z 'P 2 100 38366 3807] 295 2.32 2.332 
3 100 38543 38221 322 1.94? 1.916 
4 100 38807 38443 364 1.76 1.750 

("S)z ' P 1 99 43557 43340 217 2.49 2.499 
2 98 43484 43262 222 1.83 1.834 
3 98 43370 43143 227 1.67 1.667 

('C)z ' G 2 97 644,56 64,579 - 123 1.31 0.338 
3 93 64473 64,598 - 12.5 1.26 0.900 
4 91 + 7("C)'H 64494 64620 - 126 1.1 33 
,5 90 + 8("C)'H 64,519 64657 - 138 1.2,5.3 
6 92 + 6("C)'H 64,5,50 64699 - 149 1 .. 32.5 

('C)z' H 3 95 65483 65]63 320 1.30 0.,5 19 
4 92 + 7('IC)'C 6,5,566 6,5254 3 12 1.2 1 0.9 18 
,5 92 + 8('IC)"(; 6,5658 6,535 1 307 1.11 3 
6 94 + 6("G)'(; 657,54 65444 3 10 1.22 1 
7 100 65847 6,5,522 32,5 1.286 

(' P)z' D 0 83 + 16('ID)' D 6662,5 66666 - 4 1 
1 73 + 14(" D)' D + 9('IG)'F (0 'C)z ' F 6664,~ 6667 1 -26 1.3,3,5 
2 ,54 + 26("G)'F + 10(" D)' D 66677 66692 - 15 1. 336 
3 52 + 35("G)' F + 9("0)' D (0 ' P )z "D 67009 67080 - il 1.45 1.414 
,~ 78 + 11 (,ID)' O + 9("G)' F 67295 6730,5 - 10 1.49 1.485 

('G)z ' F 1 82 + 9('1]-» ' 0 + 5(" 0)' F (a "P)z'O 65894 66989 - 95 0.164 
2 ' 64 + 26('11')" 0 - 66901 6701 3 - 112 1.168 
3 .,6 + 27("1'),' 1) + 7(,, 1))' F (0 "e)z ' F 66686 66733 - 47 1.333 
4 83 + 6('II))' F + 6(,,1')' 1) 66643 66755 - 11 2 1.358 
,5 93 66,542 66702 - 160 1.40 1 .. 399 

('p)z ' 5 2 95 66929 67048 - 119 1.974 

('C)z "H 4 98 67910 67778 132 0.78 0.801 
5 98 67846 67739 107 1. 03 1.034 
6 97 67744 67662 82 1.16 1.1 68 

('G)z:!F 2 92 67767 67960 - 193 0.66 0.670 
3 92 67812 68014 -202 1.08 1. 086 
4 93 67866 68079 -213 1. 2,5 1. 2,51 

('P)y ' P 1 83 + 8("0)'1' + 5(4P):! P 68496 6852 1 -25 2.422 
2 74 + 12("0)' 1' + 7(' 1')" 1' '684 17 68402 1,5 1. 792 
3 74 + 20("0)' 1' 68284 68233 5 1 1.65 1.656 

(' P)z" ]-> 0 80 + 15("0),,1' 69319 69396 -77 
1 74 + 15(,, 0)"P + 6('P)' P 69216 69269 -53 1.49 1.,554 
2 68 + 16("0)"1' + 9(" P)' P 69045 69061 - 16 1.49 1.536 

(,I O)y'F 1 86 + 8('IG)'F 70150 70143 7 0.029 
2 85 + 7("G)' F 70231 70224 7 1.0]4 
3 84 + 6(" Gj-' F 70343 70334 9 1.258 
4 90 + 6('C)' F 70497 70480 17 1.39" 1. 352 
5 9 1 + 5(' C)' F 70657 70565 92 1.40 1. 396 

(IG)Z:!C 3 96 70518 70531 - 13 0.75 0.75 1 
4 96 70,546 70,57 1 - 2,5 U ,5? 1.05 1 
5 95 70,527 70608 - 81 1. 20 1.204 

(, p )z:! 1) 1 89 71078 7 11 42 - 64 0.50 0.5J 3 
2 83 + .5('11))' 1) 70940 71006 - 66 1.]6 1.169 
3 79 +S(' I))' F 70745 70818 -73 1.33 1.332 

('O)x ' P I 60 + 26(" D)' 0 + 6(' P)'D 7 1264 7 1695 - 43 1 2. 146 
2 46 + 33(" D)'1) + 11(4P)' P 7 1323 71649 -326 1.686 
3 .52+2 1(" 1) ),' 0 + J8("P),' P 7 1390 71566 - [76 1.608 
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TABLE 16. Observed and calculated levels of Mn 1I- 3d'4p-Continued 

r 

OBS. CALC. OBS. CALC. 
NAME J PERCENTAGE AEL LEVEL LEVEL o-C g· FACTOR g·FACTOR 

(em- I) (em - I) 

(40)y'0 0 tH + 16(4P)'O 72322 71915 407 
1 52 + 29(40)'P + 10(4P)50 72321 71984 337 1.821 
2 44 + 37(40 )' P + 9(4P)50 72307 72106 20l 1.624 
3 57 + 23(40)'P + 11(4P)' 0 72247 72194 53 1.532 
4 84 + 13(4P)'0 720ll 71530 481 1.48 1.496 

(40)y"0 1 89 + 5(41')"0 73385 73219 166 0.511 
2 87 +5(4 1'),' 0 73396 73206 190 1.174 
3 :31 + 5(4F)"D 73395 73165 230 1.340 

(40)y"F 2 91 73785 73789 -4 0.75 0.681 
3 88 73781 73793 -12 1.09 1.099 
4 92 73683 73687 - 4 1.24 1.253 

(.IP)Z"S I 96 73911 73842 69 1.985 

(4D)y"P 0 81 + 16(4P)" P 75563 75865 -302 
I 78+ 16(4P}'lP 75720 76039 -319 1.512 
2 77+ 19(4P}'lP 75919 76256 -337 1.499 

el)z "K 6 91 + 8('1)" 1 z"K 77842 77627 215 0.909 0.872 
7 91 + 5(' 1)"1 77946 77837 109 1.050 1.024 
8 100 77820 78083 -263 1.14 1.125 

el)z "I 5 90+5('1)'H z "I 78085 78182 -97 0.83 0.846 
6 88+8(,O"K 78341 78369 -28 1.014 1.012 
7 81 + 8('1)'K + 7(,I)"K 78475 78323 152 1.13 1.122 

l 
(' I)z 'K 7 88 + lIn)"] z'K 79147 79029 lI8 1.003 1.015 

{'1)z' H 5 78 + 6(21)31+ 6(A'G)'H z 'H 79113 79452 -339 1.011 0.992 

(ND)z'O 2 44+24(A2F)'D + 18(A' D)"F z'D 78913 79541 - 628 0.938 0.923 

(NDh"F 2 ~4 + 29(A'F)"F+ 14(A'D)'D x"F 79458 79207 251 0.734 0.760 
3 60 + 34(A'F')"F 79513 79573 -60 1.075 1.067 
4 66 + 30( A.'F)"F 79913 79925 - 12 1.24 1.230 

{'l)y"H 4 92 y" H 79801 80080 -279 0.81 0.809 
5 90 79740 80048 - 308 1.03 1.032 
6 94 79592 79920 -328 1.16 1.164 

(NF)z IG 4 53 + 24(A'F)"G + 8('H)'G z 'G 81280 81144 136 1.010 1.027 

(A'D)z'f 3 45 + 35(A'F)"G + 10(A' F)"F z IF 81221 81239 - 18 0.92 0.919 

(N D)x" P 0 92 + 4(4F)'D x"P 81713 81549 164 
I 74 + 12(ND)"D + 6(NF)"0 81322 81252 70 1.291 
2 77 + 12(A'~')"D 81148 81039 109 1.372 1.422 

(ND)x"D I 69 + 15(A2D)"P + 8('F)'F 81732 81706 26 0.44 0.619 
2 45 + 44(4F)5G 81813 81746 67 0.90 0.781 
3 58 + 11 (4F)'G + 6(A2D)"F x'F 81052 81032 20 1.24 1.208 

(4F)y'G 2 43 + 33(A2D)"0 + 11(NF)"F x'F 81054 81030 23 0.728 
3 73 + 13(A2F)"G + 11 (A2D)3D y'G 81781 81607 174 0.92 0.945 
4 55 + 19(A2F)"G + 11(A2F)'G 81863 81703 160 1.20 1.116 
S 71 + 26(A2F)"G 82117 81896 221 1.28 1.248 
6 96 82142 81846 296 1.36 1.328 

('l )z 'l 6 94 z'I 81803 81877 -74 1.00 1.005 

(A2F)y"G 3 48 + 25(A 2D)1 I' + 6(4F)-'G y"G 82388 82416 -28 0.906 0.923 
4 :~6 + 34(4F)5G + 28(A 2FJ"F x'F 81994 81909 85 1.25 1.145 
5 68 + 24(4F)'C y"G 81886 81652 234 1.218 

("F)x'F 1 82 + 8(NO)"D 82501 0.111 
2 77 + 7(4F)5D + 6(NF)"F y'G 82193 82432 -239 1.008 
3 74 + 1 0(4FY'0 + 8(A2F')"D x"D 81660 82002 -342 1.32 1.264 
4 83 + 9(4F)'D y"G 82100 82353 - 253 1.351 
5 91 x'F 82232 82402 -170 1.296 1.389 
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TABLE 16. Observed and colCilloted leve ls oj Mil 11-3d'4p-Colllinu ed 

OBS. CA LC. OBS. CA LC. 
NAME J PER CENTAGE AEL LEVEL LEVEL O- C g· FA CTOR g·FACTO R 

(c m- ' ) (c m- ') 

(A2F)w "D 1 56 + 35(A 20 )' P w"D 82939 82655 284 0.5 J 0.698 
2 80 + 6('F)'D + 6(A2D)"P 83071 82813 258 1.21 1.203 
3 57 + 2 I (A2F}'F + 9('F)' F 82419 82417 2 1.336 1.237 

(A2F)w"F 2 46 + 16(A2D)"F + 8 ('F),G w"F 82918 82974 -56 0.70 0. 726 
3 36 + 35(A2F)"D + 14(A2D)" D 82936 82759 177 1.12 1.203 
4 33 + 23(A2D)"F + 1l(A2F}'G 82831 82730 101 1. :22 1.185 

("'F)x" D 0 94 + 4(A2D)"P x'D 82839 83408 -568 
1 91 + 4(A2D)"P 82775 83395 - 620 1.447 
2 82 + 5(A2F)"D + 5('Ff'F 82735 83400 - 665 1.448 
3 85 + 8('F)'F 82713 833 11 - 598 1.46 1.649 
4 86 + 9(4F)' F 82605 83 196 - 591 1.47 1.48 1 

(4 F)x"C 3 69 + 17(, H)"C + 9(A2F),'C x"e 83934 84138 - 204 0.76 0.758 
4 46+ 16(, H)" H + 16(A2C)" H 83875 84225 -350 1.02 0.975 
S 40 + 2 1(A'C)" H + 20(, H)" H 839 12 84128 - 216 1.20 1.122 

(A' D)z 'P I 58 + 30(A2 F)" D z' P 84268 84254 14 0.96 0.829 

(A2C)x" H 4 31 + 31 (' I-\ )" H + 23(4F)"C x" H 84307 84056 25 1 0.81 0.892 
S 32 + 3 1 (4 F)"C + 2.3 (' H)" H 84428 84.11 1 11 7 1. 103 !.l08 
6 46 + 45 (' H)" H + 7(' 1-\ )" 1 84644 84558 86 I. 15 1.155 

(, H)y"l 5 89 + 5(2H)" H y" l 85448 85 179 269 0.82 0.8S I 
6 89 + 5(,H)" H 85636 85373 263 1.05 1.033 
7 97 858 11 8S564 247 1.12 1.1 42 

(A' F)y' D 2 64 + 32( A2D)' D y 'D 85368 8,5497 - 129 1.03 0.994 

(, H)w"C 3 J8 + 35(A2C)"C + 22(A2F)' F w"G 85735 85634 101 0.75 0.843 
4 32 + 44(A 2G )"(; + 10(" F)"C 85674 85531 143 1.05 1 1.050 
S 34 + 40(A 2C)"C + 1 I ("F),'(; 85543 85423 120 1.1 9 1.1 93 

(A'(;)y'C 4 .17 + 19(2 1-1 )'C + 16(A 2F)'(; v" F 85759 85744 15 1.1 5 1.055 

(A2F)y 'F 3 5 1 + J4(A2C)"C + 13(, H)"C y 'F' 86062 85999 6.3 0.924 

(' F)u "F 2 43 + 24(A2C)"F + 22("' F)" D v"F 85989 86148 - 159 0. 77 0.80 1 
3 40 + 24(4F)"D + 23(A2C)"F 85953 86105 - 152 1. 06 1.1 50 
4 49 + 17(A2C)" F + 12(A ' C)'C y 'C 86449 86475 - 26 1.092 1. 186 

(" F)v" D ] 85 + 8(A'F)"D v" D 86208 86345 - 137 0 .58 0.5 12 
2 62 + 18(4F)"F + 6(A'(;)"F 86190 86391 -201 1.034 
3 57+20('F)"F + 10(A2C)"F 86303 86448 - 145 1.1 5 1.252 

(2 1-1 )y'] 6 90 + 5(, H),, 1-I y 'l 86869 86658 2 11 1.02 1.010 

(2 H)w" H 4 49 + 45 (A'C)-" H w 3H 87941 87745 196 0.82 0.813 
5 44+ 47(A'C)-" H 87996 87775 221 1.03 1.042 
6 43 + 49 (A'G)" H + 5(' H)'I 88]98 87997 201 1.16 1.1,57 

(A'G)u "F 2 51 + 26('FT'F + 17(A'Ff1F (w 3F) 87859 88012 - 153 0.673 
3 51 + 25(" F)"F + 16(A'Ff'F 877]8 87876 - 158 1.06 ] .076 
4 55 + 2 1 ('FT'F + 15(A'Ff'F 87580 87727 - 147 1. 23 1.240 

(A'G)u 3G 3 43 + 21(A2Ff'G+ 17(4 FY'G v:lG 89126 88835 291 0.78 0.767 
4 45 + 18(A2Ff'G + 13(2Hf'G 89097 88850 247 1.08 1.050 
5 40 + 20(A' F)-"G + 14(' H}'G y 'H 88772 88644 128 1.] 74 

(A'G)y' H 5 66 + 24(2 H)'H v"G 89063 89022 41 l.l4 1.009 

(2 H)x 'H 5 60 + 24(A'G)1 H + 11(21)' H x 'H 89760 89366 394 1.02 1.010 

(B2F)x ' C 4 48 + 19(A'G)'G + 15(2 H)'G x ' G 89465 89533 - 68 1.013 

(B2F)( :I F 2 75 + 13(A'G)" F + 5(A'F)' 0 ( 3F 89519? 89400 119 0.692 
3 76 + 8rA'C!,F + 7(A'Cl' F 8957l 89498 73 1.14 1.072 
4 77 + 8(A'G!,F + 7(4F!'F 89800 89675 125 1.234 
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TABLE 16. Observed and Calculated Levels afMn 1I -3d54p-Continued 

OBS. CALC. OBS. CA LC. 
NAME J PERCENTAGE AEL LEVEL LEVEL O- C g-FACTOR g-FACTOR 

(em- ') (em- ' ) 

(NGh 'F 3 76 + 6(NF)"F x 'F 89950 90108 - 158 1.002 

(B2F)x 'D 2 85+ 7(B2F)"F x 'O 90597 90356 241 1.02 0.980 

(B2F)u 3G 3 59+ 33(2H)"G u 3G 91018 90906 112 0.71 0.762 
4 62 + 30(2H)"G 91179 91077 102 1.055 
5 66 + 29(2 H)"G 91302 91280 22 1.24 1.200 

(B2F)u 3 D 1 93 + 4(4F)"D u 3 0 92061 92026 35 0.506 
2 91 + 5(4F)" 0 92040 92117 -77 1.17 1.167 
3 83 + 8(4F)"0 + 6(B2FYID 92083 92229 - 146 1.331 

(2 H)w'G 4 37 + 41(B2F)'G+ 20(B2G)'G w'G 92517 92410 107 1.01 1.055 

('S)w 3p 0 89 + 9(B'O)"P (v 3P) 93720 93546 174 
1 88 + 9(B2O)'IP 93868 93676 192 1.491 
2 88 + 10(B2O)-1P 94231 93975 256 1.498 

(B2F)w'F 3 95 w 'F 94182 93907 275 1.00 1.002 

(,S)y 'P I 84 + 13(B20)' P y 'P 95081 95585 -504 1.004 

(B2D}'F 2 86 + 10(B'D}'0 100195 0.716 
3 79 + 16(B2O)"0 100330 1.121 
4 95 100574 1.249 

(B2D)" D 1 96 100430 0.513 
2 87 + 9(B2O)"F 100511 1.125 
3 81 + 17(B2O)3F 100651 1.289 

(B2O)v 'F 3 88 + 7(B2G)'F (u 'F) 101588 101350 238 1.04 1.005 

(B'O)"P 0 90 + 9(,S)"P 101931 
1 87 + 10(,S)"P 101927 1.477 
2 86 + 1O('S)3P J01934 1.490 

(B2O)'P 1 85 + 10('5)' P 102651 1.0p9 

(B2O)w'O 2 94 w'O 103600 103153 447 1.001 

(B2Gp H 4 96 106755 0.803 
5 95 106873 1.038 
6 99 107058 1.167 

(B2G)3G 3 81 + 17(B2G)"F 107675 0.811 
4 65 + 32(B2G)"F J07927 1.117 
5 94 107940 1.191 

B2G)"F 2 96 108080 0.667 
3 79 + 18(B2G}1G 107995 1.023 
4 63 + 33(B2G}'G 107637 LI81 

(B2G)'H 5 96 108854 1.005 

(B2G)V' G 4 96 v 'G 109474 109408 66 1.004 

(B2G)'F 3 90 + 9(C'0)'F 110566 0.999 

2P)"P 0 81 + 19(C'0)"P 118425 
1 80 + 19(C2O}IP 118522 1.502 
2 80 + 19(C2O},P 118782 1.499 

2P)'S 0 100 119886 

2P}'D 1 96 120907 0.502 
2 73 + 19(,P)' D 120878 LI27 
3 95 121159 1.333 
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NA ME .J 

(" P)'O 2 

(' Pr'S 1 

(" P)'P 1 

(C' DY'F 2 
3 
4 

(C' O)"O 1 
2 
3 

(C' O)'O 2 

((2 0 }1 P 0 
I 
2 

(C2O)'F 3 

(C' O)'P 1 

NAME .J 

(5 0 )Z "0 1/2 
3/2 
5/2 
7/2 
9/2 

(5 O)z HF 1/2 
3/2 
5/2 
7/2 
9/2 

11 /2 

(5 0 )Z'; P 3/2 
5/2 
7/2 

r' 0 )z 4O 1/2 
3/2 
5/2 
7/2 

(" 0 )z4 F .3/2 
5/2 
7/2 
9/2 

(5 0 )Z 4P 1/2 
3/2 
5/2 

(A3P)z 45 3/2 

331-607 0 - 69 - 3 

TABLE 16. Observed and calm lateri levels of Mn I1- 3d54p- Continued 

085. CALC. 
PERCENTAGE AE I ~ LEVEL LEVEL 

(c m- ') (cm - ' ) 

65 + 22('P}'O + 10((2 0)'0 121475 

99 122607 

85 + 12((20)lP 123766 

95 127282 
93 127364 
97 127562 

96 128251 
CJ4 128408 
93 12859 1 

69 + 15(C' O)" P + 13(2 P)'0 128920 

8 1 + 19(,P)"P 129837 
8 1 + 19(, P)" P 129667 
66 + 16(, P)" P + 14((2 0 )'0 J29433 

96 129762 

86 + 13(2P)'P 132851 

TABLE 17. Observed and calmlated levels of Fe IJ - 3d';4p 

085. CALC. I 
PERCENTAGE AEL LEVEL LEVEL 

(em- ' ) (elll " ' ) 

100 39109 3921<.1 
99 390 13 39 106 
98 38859 38924 
98 38660 38686 
99 38459 3843 1 

99 42440 42 165 
98 42401 42 11 4 
98 423.35 42026 
97 42237 41899 
97 42 115 41730 

JOO 41968 41520 

99 43621 44090 
98 43239 43687 
96 42658 43077 

96 45206 45 ]44 
94 45044 4497.5 
9 1 44785 44698 

89 + 6(5 0 )4 F 44447 4433 1 

96 45290 45448 
93 45080 452 JO 

9 1+ 6(5 0)40 44754 44850 
97 44233 44306 

99 47626 47798 
99 47390 47534 
98 46967 47062 

63 + 35(A3 P)4 P 59663 59859 

149 

O- C 

--

-

-

2 
2 
3 
3 
3 
4 

-4 
- 4 

6 
2 
2 

7 
8 
o 
3 
8 
4 

6 
4 

-41 

6 
6 
il 

I J 

) 

;{ 

.5 
6 
8 

5 
7 
9 
8 
5 
8 

9 
8 
9 

2 
9 
7 
6 

- 15 8 
- I 

-
-

- 1 
- 1 

-

- ] 

3 
9 
7 

7 
4 
9 

9 

0 
6 
3 

2 
4 
.5 

6 

085. CA LC. 
g.FACTO R g. FA CTO R 

1.037 

1.993 

1.002 

0.678 
1.090 
1.250 

0.504 
1.154 
1.325 

1.047 

1.499 
1.202 

1.002 

0.999 

085. CALC. 
g· FACTOR g·FA CTOR 

3.35 3.327 
1. 86 1.864 
1.653 1.655 
1. ,584 1. ,5il6 
1. ,542 1. ,5,54 

- 0.647 - 0.667 
1.04 1.068 
1.304 1.315 
1.399 l.397 
1.43 1.433 

1.454 

2.398 2.395 
1.869 1.878 
1.702 1.706 

- 0.02] - O.OOJ 
1.]5 1.185 
1.35 1.361 
1.40 1.423 

0.4'~,5 0.422 
1.069 1.048 
1.29 1.253 
1.32 1.335 

2.70 2.664 
1.717 1. 732 
l..592 1.599 

1.89 1.887 



TABLE 17. Observed and caLcuLated LeveLs of Fe II - 3d64p -Continued 

OBS. CALC. OBS. CALC. 
NAME J PERCENTAGE AEL LEVEL LEVEL O- C g-FACTOR ,g--FACTOR 

(e m-I) (em- I) 

(3 H)z 4G 5/2 43 + 50(A'F)4G 61042 61099 -57 0.799 0.587 
7/2 41 + 44(A3F)4G 60957 60984 -27 0.969 0.977 
9/2 34 + 32(A3F)4G + 15(3H)41 60807 60821 - L4 1.155 1.089 

11 /2 53 + 33(A'F)4G + 5(3G)4G 60625 60711 -86 1.24 1.253 

(3H)z 4T 9/2 56+ 16(3H)4H + 16(3H)4G (0 3H)z 4H 60989 61007 - ]8 0.887 
11/2 60 + 24(3 H)4 H + 1)(3H)4G 60888 60871 17 1.038 
13/2 64 + 26(" H)4H + 5(3H)"1 60838 60830 8 1.144 
15/2 100 61347 61068 279 1.200 

(A3 P)y4P 1/2 93 61035 61366 -33] 2.613 2.522 
3/2 38 + 32(A'P)4S + 20(A3P)4D 61333 61539 -206 1.74 1.632 
5/2 76 + 18(A'P)40 60402 60593 - 191 1.58 1.539 

(3 H)z 4H 7/2 68 + 9(3HJ2G + 8(3G)4H 61157 61361 -204 0.720 0.737 
9/2 55 + 27(3H)4I + 6("H)2G (a 3H)z 41 6L513 61511 2 0.926 

11 /2 61 + 31(3 H)4I + 5(3G)4 H 61587 61579 8 1.082 
13/2 64 + 29(3 H)4 T + 5(3G)' H 61528 61519 9 l.192 

(A3P)Z 20 3/2 44+ 17(A'P)40 + IHA3P)4P 62126 62360 - 234 1.019 1.068 
5/2 67 + 12(A'P)4P + 9(A'P)4D 61093 61234 - 141 1.01 1.257 

(A3F)y4F 3/2 83 + 6("D)4F 62245 62376 - 131 0.43 0.466 
5/2 82+ 5(30)4F 62152 62299 - 147 1.025 1.030 
7/2 86 + 6(" H)4 H 62066 62208 - 142 1.198 1.190 
9/2 86+4(,,0)'F 62158 62237 -79 1.33 1.314 

(3 H)z 2G 7/2 49+ 12(3G)2G + 1l (A'F)4F 62322 62556 -234 0.941 
9/2 65+ 16('G)2G + 6(3H)4H 62083 62354 -271 1.097 1.096 

(3H)z 2T 11 /2 94 62662 62672 -] 0 0.910 0.931 
13/2 93 62293 62307 - 14 1.069 1.080 

(A3P)y4D 1/2 92 62829 62801 28 0.122 
3/2 57 + 26(A'P),0 62962 63028 - 66 1.14 1.092 
5/2 70 + 15(A3P)20 62690 62657 33 1.349 1.358 
7/2 96 61726 61481 245 1.411 1.421 

(A3F)x'D 1/2 87 + 8(3D)'O 63560 63831 -271 0.013 0.009 
3/2 87 + 8(30)40 63465 63724 -259 1.21 1.187 
5/2 84 + 8(30)40 63273 63516 -243 1.35] 1.345 
7/2 76+7(30)40 62945 63193 -248 1.385 1.371 

(A'F)y'G 5/2 37 + 36("H)'G + 20(A'F)2F 64088 64194 -106 0.617 0.651 
7/2 43 + 36(" H)4G + 16(A'F)2F 64041 64096 -55 0.975 0.998 
9/2 48 + 34('lH)4G + 12(A'F)"G 63949 63940 9 1.15 1.164 

11/2 62 + 32("H)'G 63876 63832 44 1.24 1.265 

(NF)z ' F 5/2 52+ 15(" H)'G 64425 64556 - 131 0.82 0.782 
7/2 53 + II (3G)"F + 5(3H)4G 64286 64415 - 129 1.1:lS 1.097 

(NP)z 2p 1/2 66 + 24(NP)2S 64807 64873 - 66 1.012 
3/2 89 64834 65087 -253 1.329 1.324 

(A3F)y2G 7/2 79 + 5(A3F)2F 65110 65126 -16 0.896 0.907 
9/2 75 + 6("G)2H 64832 64802 30 1.101 1.102 

('lH)z 2H 9/2 52 + 29("G)"H + 7(II)2H 65556 65662 - 106 0.913 0.928 
11 /2 23 + 32("G)"H + 26(3G)'G 65364 65567 -203 1.066 1.143 

C'G)x 'C 5/2 83 + 6(A3F)'F 66078 66029 49 0.62 0.622 
7/2 78 + llCG)'F 65931 65879 52 1.00 1.021 
9/2 61 + 28C'G)'F 65696 65654 42 1.223 

11 /2 60 + 22("H)'H + ~l("G)2H 65580 65490 90 1.214 

(NP)Z 2S 1/2 75 + 2 l(A3P)2P 66249 65980 269 1.669 

150 



TABLE 17. Observed and calculated Levels of Fe 11- 3d64p- Co ntinued 

OBS. CA LC. 
NAME .I PEI"{CENTA CE AEL LEVEL LEVEL O-C OBS. CALC. 

(e m- I) (e m- I) g-FACTO R g- FA CTOR 

("C)y" H 7/2 82 + ll("H)'H 66672 66376 296 0.69 0.690 
9/2 79 + 8('l H)'H + 4(" H)" H 66589 66296 293 0.959 0.985 

11 /2 75 + ll (" H)"H + 7(" H)"' H 66464 66176 288 1.13 1.133 
13/2 89 + 9(" H)'H 66412 66012 400 1.228 

("C)x "F 3/2 69 + 11 (A3F)2 0 + 10C'0)'F 66613 66636 -23 0.468 
5/2 67 + l1 (A"F)"O + IO("O)'F 66522 66566 -44 1.02 1.018 
7/2 68 + 11 ("C)4C + 1O("0)4F 66377 66437 -60 1.21 J.l89 
9/2 54 + 26("C)"C + 7(:JD)4F 66013 66068 -55 1.261 

(A" F)y" D 3/2 69 + 14(A:lP)20 + l1 ("C)'F 67274 67422 - 148. 0.719 0.741 
5/2 7S + 8("C)'F 6700] 6712.8 . - 127. 1.16 1.176 

('lG)y2 H 9/2 56 + 36(" H)" H 68001 68266 -265 0.907 0.918 
11/2 52 + 40("H)2H 67516 67752 -236 1.07 1.095 

(3G)y2 F 5/2 61 + 15(30 )"F + 14(A3F)"F 69651 69686 -35 0.857 0.864 
7/2 59 + 13(A3F)"F + 9(3C),G 69607 69619 - 12 1.13 1.11 2 

(3G)x 2G 7/2 69 + 14(3 H),C + 5(3C)2F 70524 70415 109 0.87 0.924 
9/2 77 + 18(3H),C 70315 70189 126 1.11 1.107 

('l)z ' K 13/2 99 70987 70999 - 12 0.935 
15/2 100 71433 71373 60 1.05 1.067 

(A ' G)x ' H 9/2 83 + 10(1 I), H x'H ' 72130 71956 174 0.91 0.917 
11/2 78 + 18('l )" H 72262 72178 84 1.08 l.091 

(3 0 )W' P 1/2 73 + 17(30 )40 + 5(3 0 )2 P 72213 72220 -7 2.049 
3/2 78 + 9(30)"0 + 4(30)2P 72043 72066 -23 1.66 1.613 
5/2 l)2 71965 71982 - ]7 1.585 

(3 0 )w"F 3/2 77 + 15(3G)4F 72 ]69 7210 ] 68 0.458 
5/2 78 + 14(3C)4F 72239 72184 55 1.035 
7/2 72 + 12(3C)'F 72352 72298 54 1.235 
9/2 85 + l l(3G )'F 72651 72510 141 1.329 

(3 0 )W' O 1/2 57 + 23("0)4P + 10(30)2 P 72430 72418 12 0. 720 
3/2 69 + 13(30 )'P + 7(3 0 )' P 72525 725 10 15 1.272 
5/2 82 + 8(A"F)'O 72620 72613 7 1.353 
7/2 50 + 19(A'C)'F + 13(:l0)2F 72652 72628 24 1.301 

(A'G)w'G 7/2 69 + 12(30)'0 73143 72956 187 0.91 0.992 
9/2 87 + 4(3H)2G 73092 72940 152 1.105 

(A'C)x ' F 5/2 44 + 32(3 0 )'F + 8(A3F)2F (a 3D)x * 73055 73049 6 0.877 
7/2 31 + 25(30 )'0 + 20(A'G)2G 73016 73065 -49 1.163 

(:l O)y' P 1/2 63 + 15(30 )4 0 + 15(A'S)2P 73187 73150 37 0.558 
3/2 68 + 15(A'S)2P + 11(3D)40 73 189 73076 113 1.319 

(lI )w' l-I 9 /2 79 + 12(B' G)2 H w'H 73751 73978 -227 0.912 
ll /2 63 + 20(B'G)' H+ lO('I)'J 73604 73705 - 101 1.075 

('I)y' J 11 /2 89 + 9(IJ )' H 73970 74161 - 191 0.941 
]3/2 99 73967 74163 - 196 1.076 

(3 D)x ' 0 3/2 93 74498 74562 - 64 0.807 
5/2 93 74607 74683 -76 1.202 

(3 D)w ' F 5/2 49 + 40(A I G)2F w 2F 75915 75728 187 0.844 0.861 
7/2 55+32(A'G)2F 75601 75370 231 1.125 1.143 

(A 'S)X ' P 1/2 66 + 17('l 0 )"P+ lO(A'O)' P 76578 76654 -76 0.670 
3/2 62 + 23(A I O),P 76130 76258 - 128 1.34 1.332 

\A'O)v"F 5/2 79 + 6(A' 0 )2 0 77743 77892 - 149 0.883 
7/2 85 + 8(A'Gl'F 78138 78274 -136 1.13 1.144 
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TABLE 17. Observed and calculated LeveLs of Fe 11-3d64p-Continued 

OBS. CALC. OBS. CA LC. 
NAME J PERCENTAGE AEL LEVEL LEVEL O-C g-FACTOR g-FACTOR 

(em- I) (e m- I) 

(AIO)w 2O 3/2 63+ 19(AIOj2P 78487 78543 - 56 0.956 
5/2 80 + 1l(1F)20 78691 78700 - 9 1.176 

(A' O)w "P 1/2 84 + JO(AIS)2 P 78842 78607 235 0.670 
3/2 51 + 26(A' 0)20 79244 78920 324 1.178 

(IF)v 2G 7/2 94 83305 83154 151 0.891 
9/2 96 83871 83627 244 1.112 

(IF)v 2O 3/2 85 + 8(AI0 j2 D 84360 84563 - 203 0.804 
5/2 80 + J3(A'D)"D 83869 84]3] - 262 1.198 

(IF)u 2F 5/2 92 86548 86346 202 0.865 
7/2 92 86483 86286 197 1.146 

(B3P)v' D 1/2 56 + 43(B3F)'D 86389 86642 -253 0.003 
3/2 53 + 45 (B3F)-' 0 86544 86799 - 255 1.197 
5/2 50 + 49(B"F)' D 86768 87005 - 237 1. 366 
7/2 4 1 + 46(B3F)' 0 86930 87176 -246 1.424 

(B3P)2S 1/2 95 89360 2.014 

(B3F)'G 5/2 98 89755 0.573 
7/2 98 89891 0.984 
9/2 97 90015 1.171 

11 /2 98 90116 1. 272 

(B3P)"'S 3/2 95 90836 1.983 

(B3P)4P 1/2 94 91 777 2.622 
3/2 90 92046 1. 710 
5/2 81 + 8(B3P)2D 92471 1.543 

(B"F)u "G 7/2 91 92603 92556 47 0.902 
9/2 91 92427 92273 154 1.122 

(B3F)u 20 3/2 51 +40(B3P)"D 92216 92317 - 101 0.813 
5/2 56 + 30(B" P)2 0 92696 92781 - 85 1.213 

(B3F)4D 1/2 55 + 40(B3P)' 0 92757 0.039 
3/2 43 + 37(B3P)'D + 13(B3F)4F 92914 1.107 
5/2 31 + 40(B3F)4 F + 23(B"P)'O 93099 1.241 
7/2 38 + 30(B3F)'O + 30(B3F)-' F 93596 1.366 

(B:IF)u 4F 3/2 82 + 8( B3F)4 0 93329 93168 161 0.532 
5/2 53 + 22(B3F)' O + 22(B3 P)4 0 93396 93368 28 1.192 
7/2 65+ 19(B3P)'O + 12(B3 F)' O 93488 93217 271 1.286 
9/2 94 + 5(B3F)2G 93485 93386 99 1.321 

(B3PfD 3/2 37 + 38(B3Fj2D+ 17(B3Pj2P 94092 0.889 
5/2 61 + 35(B3Fj2D 94679 1.207 

(B3 P)2P 1/2 93 94531 0.665 
3/2 77 + 13(B3Pj20 + 5(B3F)"D 95112 1.232 

(B3F)t 2F 5/2 97 96280 95406 874 0.858 
7/2 94 96357 95427 930 1.142 

(B 'G )2 H 9/2 97 97972 0.912 
11/2 98 98338 1.091 

(B'Gj2F 5/2 92 99483 0_858 
7/2 68+ 24(B' Gj2G 99159 1.081 

(B'G)2G 7/2 72 + 21(B ' Gj2F 99896 0.952 
9/2 96 99796 1.110 

(B 'OJ20 3/2 98 115424 0.803 
5/2 98 115541 1.197 
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TABLE 17. Observed and calculated levels of Fe II -3d"4p- Continued 

I. 
OBS. CALC. OBS. CALC. 

NAJVIE j PERCENTAGE AEL LEVEL LEVEL O- C ,go· FACTOR ,go. FA CTO I'{ (e m- I) (em- ' ) 

(B'D)' F 5/2 96 1 J 7913 0. 860 
7/2 97 118266 1.1 43 

(B 'D),P 1/2 96 119387 0.667 
3/2 95 119218 1.33 1 

(BIS)'P 1/2 96 138558 0.667 
3/2 96 139013 1.333 

TABLE 18. Observed and calculated levels of Co 11 -3d74p 

OBS. CALC. OBS. CA LC. 
NAME j PERCENTAGE AEL LEVEL LEVEL O- C g- FA CTOR g-FACTOR 

(em- ' ) (e m- I) 

'(4 F)z ' F 1 97 46786 46706 80 0.06 0.038 
2 9 1 + 7(4F)-' D 46453 46383 70 1.058 1.022 
3 83 + 13(4F)' D 45972 45920 52 1.303 1.273 
4 73 + 22(4 FJ" D 45379 45355 24 · 1.407 1. ?77 
5 96 45198 45014 184 1.396 1.394 

(4 F)z 5G 2 93 + 3(4F)5 F + 3(4 F)-' D 48388 48012 376 0. 35 0.391 
3 90 + 5(4F)5F 48151 47767 384 0.92 0.943 
4 87 + 6(4F)'W + 6(4FpG 47807 47413 394 1.1 54 1.1 59 
5 84 + 11 (4 FpG 47346 46947 399 1.260 1. 264 
6 100 47078 46531 ,547 1. 350 1.333 

(4F)z ' D 0 94 + 6(4P)-'D 47995 48188 - 193 
I 92 + 6(4P)5D 47848 48022 - 174 1.42 1.464 
2 85 + 5(4 F)'F + 5(4P)'D 47537 47672 - 135 1.43 1.420 
3 80 + 1l (4 F)5F + 5(4F,'G 47039 47125 - 86 1.43 1.445 
4 72 + 20(4FPF + 4(4F)-' G 4632 1 46354 -33 1.442 1.455 

(4F)z 3G 3 75 + 22(4FPF 50036 50105 -69 0.811 0.834 
4 59 + 36(4 F)'l F 49348 49343 ,5 1. 111 1.1 29 
5 88 + 12(4F)5G 48556 48546 10 1.19 1. 207 

('F)z"F 2 94 + 3(,G)3F 5091 4 50849 6,5 0.689 0.678 
3 69 + 22(4FpG 50.382 5033S 47 1.059 1.01 7 
4 60 + 34(4 F)'lG 49698 49647 51 1.197 1.178 

(4F)Z3 D 1 9,5 ,52684 52650 34 0.524 0. 501 
2 94 52230 52170 60 1.167 1.157 
3 92 + 4(4F)'lF 51512 5J412 100 \ 1.33 1.321 

(4P)Z 5S 2 99 560ll 56328 - 317 2.00 1.996 

(4 P)y5 D 0 92 + 6(4 F)-' D 61458 61579 - 121 
J 87 + 6(4F)-'D 61348? 61461 - 113 ) .5C2 
2 88 + 5(4F)-' D 61260 61 347 - 87 1.490 1.490 
3 89 + 5('F)5 D 61241 61 281 - 40 1.504 ] .493 
4 95 + 4('F)-'D 61388 6 133 1 ,57 1.442 1.499 

(4 P)Z 3S I 60 + 16(4 P)-5 P + 12(2 P)3S 62440 62647 -207 2 .020 

(2G)3 H 4 83 + 8(2C)3G + 6('G)3F 63511 0.852 
5 78 + 1,5(2G ), H +5(2G)"G 63103 1.03.3 
6 97 63234 I.J64 

(4 P)Z5 P I 77+ 19(4 P)"S 63665 63865 -200 2.62 2.349 
2 67 + 21(4 P),' D + 4('P)'IP 63?67 6.%98 - 231 1.80 1.630 
3 82 + 13(4 P)" D 63344 03564 - 220 1.67 1.610 
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TABLE 18. Observed and Calculated Levels of Co I1- 3d'4p-Continued 

OBS. CALC. OBS. CALC. 

NAME J PERCENTAGE AEL LEVEl . LEVEL o-c g.FACTOR g-FACTOR 
(em - I) (em- I) 

(4P)y 30 1 8] + 7('P}'0 63865 64147 - 282 0.592 
2 57 + 27(4P)-'P+4(4P)-'0 63616 63858 - 242 1.33 1.358 
3 77 + 14(4P)-,P 63587 63776 - 189 1.381 

('G)IG 4 46 + 23(2G)"F + 19(,G)"G 64511 1.064 

('G)'H 5 48 + 32(2G}'G+ 20('G)"H 64849 1.070 

l-'G)"F 2 95 65022 0.674 
3 83 + 10(,G},G 64410 1.044 
4 66 + 12(2G}'H + 9(2G)IG 63684 1.153 

('P)"P 0 57 + 20(NO)"P + 16(4P},P 64683 
i 59 + 17(NO},P+ 9(4P)"P 65146 1.485 
2 45 + 35(4P}'P+ 5(,P},0 65187 1.437 

I 

~ 
('G)-3G 3 85 + 9('G},F 65220 0.794 

4 67 + 22('G)'G+ 6('H)iG 65249 1.029 
5 62 + 35('G)'H 64573 1.125 

(4PPP 0 63 + 24('P}'P + 12('P)' S 65887 
I 83 + 8('P}'P 65947 1.469 
2 53 + 23(,P},P + 18(A2 O}'P 65521 1.500 

(2G)IF 3 72 + 18(A'O)'F 65898 0.997 

('P)IO 2 37 + 19(2P)-30 + 12(4P)"O 67369 1.063 

(2P}'O I 68 + 18(NO},0 + 5(4P)"O 67820 0.569 
2 54 + 21('P)'0+ l1(NO},O 68024 1.124 
3 81 + 10(A20},F 67398 1.312 

I 
('P)IS 0 81 + 18(4P}'P 68337 

(,H},I 5 97 68759 0.839 
6 75 + 24('H)'l 68281 1.019 
7 100 68413 1.143 

(A'O},O I 50 + 25(2P)1 P + 16(2P}'O 6<)188 0.656 
2 67 + 11(2P)"0 + 6(iP)'0 69430 1.133 
3 85 + 8(A'OPF 68860 1.314 

(2H)"G 3 85 + 4(A20)"F 69499 0.781 
4 92 69020 1.053 
5 95 68421 1.199 

(2H)1J 6 75 + 24(2H)-31 69652 1.008 

(A2O)"F 2 75 + 9(A'0),,0 70599 0.774 
3 70 + 8(2p)-30 + 6(A'0},0 70262 1.095 
4 98 69898 1.248 

('PPS 1 53 + 16(2P)'P + lO(ND}'D 70486 1. 599 

(2P)IP 1 38 + 27(,P)"S+ 12(A'D)'P 70812 1.262 

(A2D)'D 2 39 + 32(A'0)"P+ 13(2P)'D 72351 1.225 

(,H)"H 4 96 72205 0.807 
5 96 71895 ];034 
6 99 71586 1.166 

(A2 D)'F 3 72 + 16(2G)'F + 7(A'0)"F 72609 1.014 

(ND},P 0 79+I7('P)"P 73472 
I 68+ 12(,P)"P + IO('P)'P 73153 1.448 
2 46 + 30(N 0 )10 + 13(2P)' D 72351 1.225 

('H)' G 4 76+ 22('G)'G 73235 0.997 
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TABLE 18. Observed and calculated levels of Co 11-3d74p-Continued 

OBS. CALC. OBS. CALC. 
NAME J PERCENTAGE AEL LEVEL LEVEL O- C g-FACTOR g-FACTOR 

(em- ') (em- ') 

(A' O)'P 1 86 + 8(2P)'P 74510 1.045 

e H)'H 5 97 74714 1.001 

(2F)'O 2 62 + 32(2F)3F 83192 0.895 

('F)3G 3 89 + 5("F)3F + 5("H)3G 83157 0.768 
4 87 + 7("F)3F 83460 1.063 
5 96 83888 1.200 

eFpF 2 65+30("F)'D 83915 0.783 
3 90 + 5("F)3G 83930 1.073 
4 60 + 30('F)' G + 8(2F)3G 84177 ] .158 

('F)30 ] 95 84403 0.501 
2 89 + 6(,F)'O 84433 1.] 56 
3 92 84312 1.324 

(,FpG 4 68+30(2F)3F 84454 1.079 

('F)'F 3 98 87762 1.002 

(B' O)" P 0 99 101199 
1 99 101191 1.494 
2 99 ]01247 1.498 

(B' O)3F 2 '}7 102024 0.669 
3 98 102357 1.083 
4 98 102770 1.250 

(B'O)'P I 96 104543 0.991 

(B' O)'F 3 98 104681 1.004 

(B' O)" O 1 96 106136 0.514 
2 57 + 41(B'O)'O 106216 1.095 
3 97 106763 1.329 

(B'O)'O 2 56+ 41(B'O)-'0 106593 1.070 

TABLE 19. Observed and calculated levels ofNi II 3d84p 

OBS. CALC. OBS. CALC. 
NAME J PERCENTAGE AEL LEVEL LEVEL O- C g-FACTOR g-FACTOR 

(em- ') (em - ') 

(3F)z 40 1/2 96 54176 54237 -61 - 0.005 0.003 
3/2 94+4(W)40 53635 53717 - 82 1.186 1.187 
5/2 93 52739 52860 - 121 1.356 1.360 
7/2 94 51558 51742 - 184 1.420 1.423 

(3F)Z4G 5J2 94 + 5(3F)4F 55019 54767 252 0.616 0.601 
7/2 81 + 1O("F)4F + 8("F)' G 54263 54078 185 1.02 1.006 
9/'2 67 + 23{3F)~G + 10(3F)4F 53365 53274 91 1.156 1.174 

ll /2 100 53497 53110 387 1.305 1.273 

(3F)z 4F 3/2 95 56425 56417 8 0.412 0.423 
5/2 87 + WF)4G + 4(3F)'F 56075 56027 48 0.985 1.006 
7/2 76 + 1 OC"F)'F + 9(3F)4C 55418 55360 58 1.184 1.203 
9/2 80 + 19(3F)2G 54557 54546 11 1.26 1.289 

(3F)z 2C 7/2 84 + 8(3F)4G + 7(3F)'F 56372 56481 -109 0.940 0 .916 
9/2 58 + 32C"F)4G + 1O(3F)4F 55300 55245 55 1.152 1.153 

155 



TABLE 19. Observed and calculated levels afNi 1I- 3d84 p-Continued 

OB5. CALC. OB5 . CA LC. 
NAME J PERCENTAGE AE L LEVEL LEVEL O- C g·FACTOR g-FACTOR 

(e m- ') (e m- ' ) 
- ------ -

(:IF)z 2F 5/2 74 + 20(3F)20 + 4(3f)4F 58493 58544 - 5 1 0.946 0.934 
7/2 81 + 11 (3F)4F + 6("F),G 57080 57159 -79 1.154 1.136 

(3F)z 20 3/2 89 +7( 'O}"D 58706 58617 89 0.795 0.796 
5/2 74 + 20("F)"F + 4(' 0)20 57420 57361 59 l.116 1.131 

(3 P)Z4P 1/2 85 + 1l('O),P+4("P)'P 67031 66905 126 2.331 2.366 
3/2 73 + 12('O)2P + 7('0),0 66580 66525 55 1.550 1.580 
5/2 73 + 20( '0)20 66571 66462 109 1.48 1.484 

('O)y2F 5/2 84 + 8(3P)4P + 4(:lP)'O 67694 67591 103 0.960 0.934 
7/2 86 + 9(3 P)4D 68131 67950 lSI 1.200 1.170 

('O)y 2O 3/2 65 + 18(3 P)4 P + 7(3f)20 68154 68214 - 60 l.02 1.014 
5/2 74 + 19(W)4P+4( 'O)'F 68735 68695 40 1.26 1.260 

('O)z' P 1/2 61 + 23(W)2 P + 15(W)4P 68281 68234 47 1.008 0.971 
I 

..( 

3/2 64 + 15(' 0 )20+ ll (3P)2P 68966 68944 22 1.305 1.282 

(W )y 4 O 1/2 95 +4(:lF)40 70748 70779 -31 0.012 
3/2 91 + 4("F)4D 70707 70715 - 8 1.190 1.188 
5/2 83 + 9("P}" 0 + 4('O)2F 70635 70645 - 10 1.32 1.336 
7/2 87 + 9('D),F 70777 70726 5 1 1.38 1.399 

(W)x 20 3/2 82 + J1 (:lP)2P 72375 72365 10 0.844 0.880 
5/2 87+ 10(3P)40 71771 71877 - ]06 1.240 1.211 

(:I P)y'P 1/2 70 + 24('O)2P + 5(3P)'5 73903 73647 256 1.039 0.730 
3/2 67 + 16('D)2 P + 13(3P)20 72985 72725 260 1.326 1.267 

(" P)z 25 1/2 94+4('O)2 P 74283 74570 - 287 1.919 

(3»)z 45 3/2 97 74300 74589 - 289 1.982 

('G)z' H 9/2 100 75150 75088 62 0.903 0.910 
1l/2 100 75722 75538 L84 1.119 1.091 

('G)x ' F 5/2 95 75890? 76416 -526 0.853 
7/2 94 + 4('O),F 7591 T' 76047 -]30 1.16 1.143 

('G )y2C 7/2 99 79823 80133 -310 0.890 
9/2 100 79924 80227 -303 l.lll 

( 'S)x ' P 1/2 99 105888 0.667 
3/2 99 106418 1.333 

TABLE 20. Observed and calculated levels of Cu II 3d94p 

OBS. CA LC. OBS. CALC. 
NAME J PERCENTAGE AEL LEVEL LEVE L O-C g-FACTOR g-FACTOR 

(em- ') (e m- ' ) 

(2 0 )z 3p 0 100 68850 68638 212 
1 98 67917 67812 105 1.49 1.483 
2 99 66419 66496 - 77 l. 49 1.495 

(20 )z 3F 2 95 69868 69735 133 0.67 0.688 
3 71 + 27(,D)' F 68448 68528 - 80 1.06 1.065 
4 100 68731 68534 197 l.23 1.250 

('O)z 'F 3 66 + 20('D)3F (2 0 ) 30 3 70842 70941 - 99 1.062 

(2 0 )Z '0 2 61 + 35(2 0 )" 0 (20 ) 30 , 71494 71764 -270 1.08 1.047 

(' O)z "0 1 75+23(2 0 )'P 73102 73164 - 62 0.47 0.636 
2 6J +38(20)'0 (20) '0 73353 73507 - 154 0.99 1.103 
3 85+ 9(20)'Jf (20) 'F 71920 72055 - 135 1.290 

(20)Z 'P 1 76 + 24(2 0)"0 73596 73365 231 1.04 0.881 
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TABLE 21. Observed and calcll.ialed levels of Zn II 3d lo4p 

. 
NAME J PERCENTAGE AEL 

(IS)Z 21' 1/2 100 
3/2 100 
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