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Configurations 3dn 4p + 3d n
-

1 4s4p in Sc II, Ti II, and V 11* · 
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(November 27, 1968) 

. Experimental level s of th e con figurations 3d"4p + 3dn - 14s4p for Sc II , Ti II , and V II were compared 
with correspondlflg calculated values. Electrostatic, spin-orbit int e ractions, as well as the a, f3 and T 
correc tIOn s, whenever poss ible, were cons id ered for 3d"4p and 3d"- 14s4p. The e lec tros tat ic inte raction 
between the configurations 3d"4p and 3d'I-I4s4p was included ex pli c itl y. The rms e rrors for Sc II Ti II 
a nd V II were 4.6 , 75 and 66 e m- I, respec tive ly . ' 
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1. Introduction 

The co nfiguration s (3d + 4s)1I in the second spectra 
of the iron group were considered by Racah and 
Shadmi [lV Individu al and general treatm e nts includ
ing the 0', j3, and T correc tions were performed for the 
configurations 3dll4p of the third and seco nd spectra 
of the iron group by the author [2 , 3).3 

The res ults for th e configuration s dllp in the third 
spectra of the iron group indicate that there the inte r
actions with the co nfi gurations dll - ISp are weak [2j. 
Thus good agreement was obtained between the theo
retically predicted levels and experimental le vels with
out taking into co nsideration the configurations 
dll - ISp_ However, th e co nfi guration s d"p in the seco nd 
spectra, and especially those on the left side of the 
periodi c table are stron gly perturbed by the configura
tions d'l-lsp_ [31-

The algebraic matrices for the configurations 
(d + S)lIp were pu t on tape and checked by the author. 
Unfortunately these matrices co uld not be used to study 
systematically the configurations (3d+ 4s)n4p here, 
since the experimental data for the configuration 
3d"- 14s4p is very scarce and nonexistent for 3dn- 24s24p, 
[41_ Thus it is feasible to cons ider the configuration s 
3d"4p + 3d'!-l4s4p and these only for Sc II, Ti II, V II, 
and Cu II. In the las t case ot he r interaction besides 
3d ll4p - 3d'!-l4s4p must be taken into co nsideration_ 
This problem will be investigated in a future paper. 

The parameters A, B, C, F2 , (;1 , C3, 0', j3, T, Sd and 
Sp refer to th e configurations dl/p . The same parameters 
_pri med refer t9 the configurations d'!-1sp. The param
eters -Cds and Cps refer to ' the interactions d-s and p-s 
in the co nfiguration d"- I sp. 

• An invited paper. 

1 Present ad~dre ss: rvlcC ill Un iversity , Montreal, Canada. 
: .F,i gurcs in b,:ackets indi cate the lit erature re fere nces at the e nd of thi s paper. 

I .he read~ r I.S referred to the. above pa pers ror an explanation or the method used , 
notatIOn and Signifi ca nce or the van ous paramete rs pertaining 10 c/1IfJ. 

The parameters of the electrostatic interaction 
between the configurations d"p and d n- 1sp are denoted 
by H , j , and K 

In Sc II - 3d4p + 4s4p, there are eight terms deter
mined by, eight electrostatic parameters, i.e., A, F2 , 

C I , C3 , A , Cps, j , and K. Thus the problem is solved 
mathematically, but the parameters may absorb 
interactions with other confi guration s, and thus give a 
distorted representation of the configuration 3d4p 
+ 4s4p. Hence the paramete rs of Sc [] ca nnot be co n
sidered as being very reliable for use as th e s tartin" 
parameters of Ti II. In Ti II th ere is an inhere nt insta~ 
bility ifi n th e core d 2 + cis the term £1 2 IS is missin "_ 
This is due to the fact that th ere are then six terms i~ 
(12 + cis with the seven elec tros tati c parameters 
A, B, C, 0', A', Cds and H to determine them. Even if 0' 

is held fixed at the value obtained for Ti II from the 
general leas t squares of d"p, the values of the other 
parameters cannot be consid ered as reliable enou "h 
to be used for the next spectrum, V II. On the oth~r 
hand, in V II -3d34p + 3d24s4p there are many more 
terms than electrostatic parameters . It is thu s th eo-
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reti cally most stable and for thi s reason it was In

ves tigated first. 

2. V II - 3d34p + 3d24s4p 

2_ 1_ Initial Parameters 

The starting value s of the param ete rs B, C. F2 , GI, 
Ca, 0' , Stl and Sp were taken from the co nfigurations 
dill' of th e second s pec tra , [3j_ By making the initial 
approximation that the values of th e above parameters 
are th e sa me for the configurations li3p and d2slJ we 
obtain th e foll owing values from the variation of the 
general leas t squares where {3 and T are e liminated: 

B= B' = 750 
c = C' = 2600 
F2= F~ =3 10 
C I = C; =330 
C3 = C~ =30 
a = 0" = 64 
{3 = {3 '= 0 
T = 1" = 0 
s,/ = S:I = 200 
(;p = s;, = 260 

Since G (/s re prese nts the interaction of the electron s 
d and oS in the co re d 2s, it s approximate value can be 
tak e n from V III - (/3 + d2s_ From Shadmi [5j , we 
obtain 

Cds = 1750_ 

A s tartin g value for the parameter C"s is obtained 
from the interpolation of C"s(sp) and C"s(dIOsp )_ From 
AEL, Vol. I, the center of gravity of 4s(2S)4p)'1P in 
Sc II is 39230 c m- I and 4s(2S)4pyIP in Sc II is 55716 
c m- I. Thus, 

C"s(sp) = 8243_ 

A s imil ar ca lc ulation for Ga II-3d104s4p yields 

Thus by interpolation 

Gps (cf2sp) = 8837_ 

Shadmi [5j found- that the interaction between the 
configurations d n and c!1/- IS in the third spectra was 
too weak to determine the value of the parameter H_ 
He thus le t H eq ual to zero for all the s pectra of the 
third row _ Furthermore , in the co nfigurations d"p and 
c!1I - I Sp th e relative phase of H with res pect to J and K 
is not kn own _ Thus as a starting point we also let H 
equal to zero. 

The initial values for} and K are obtained from 
Sc If - 3d4p + 4s4p_ Th e e lectrostati c interaction 
matrix for 1 P is given by 

(
X 

- V2(K + J) 

- V2(K + }))_ 

y 

Here X is th e unpe rturbed le vel dp IP. Its value can 
be taken as the calc ul ated level of dp IP , Sc II. in the 
GLS of dl/fJ. Then from tab le 12,131 

X = 32115_ 

From AE L, 141, the experime ntal value for th e level 
lip IP , Sc II , is 30816_ Thus the level dp IP is lowered 
by 1299 due to the interaction with sp I P_ Similarly the 
unperturbed value of the level sp Ip is lower by 1299 
th an th e experim ental value of sp IP , at 55716. Since 
Y re prese nts the value of the unperturbed level sp IP, ~ 

Y = SS7J 6 - 1299 = 54417_ 

The eigenvalues AI and A2 of the electrostatic inter
action matrix of Ip are s imply rhe experimental levels 
lip I P and sp q:> at 30816 and 55716, res pec tively_ 

We thu s obtain 

} + K=±391S. 

For th e case of 3p the electrostati c interaction 
matrix is 

V2(K-J))_ 

y 

Performing a similar calculation as for I P and using 
values for the center of gravity yields 

K - J = ± 1660_ 

From th e above values for the sum and difference 
of K and} it is not possible to solve for these param
eters uniquely_ All four possibilities were considered 
by performing four differe nt diagonalizations with all 
th e parameters except J and K having the same values 
in all diagonalizations_ From the least squares calcu
lations it was evident that both} and K must be positive 
and that K > }. This result is in agreement with the 
values of } and K obtained by Z_ B. Goldschmidt in 
the rare-earth spectra [6]. 

Thus the following values of J and K were taken for 
the first diagonalization of V II , 

J = 1100, K = 2800_ 

In order to obtain starting values for the parameters 
A and A' those terms whose electrostatic interaction 
matrix ele ments are of order two, here 5F and 5G, are 
considered_ Since all the levels of 3d24s(b4F)4py;G are 
given as uncertain in AEL, 14], 5G is neglected_ 
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Th e e lec tros ta ti c inte raction matrix of 5F is give n by 

A - 158 + 3F2 - 6C I - 26C3+ 12(l' -3 V5 (K - j ) 
5 

- 3V5 (K-j) 

5 

A' - 88 ' - 2Cds-3F~ - Cr - 16C:; - CPS+ 12(l" 

Us in g the values of the parameters alre ad y found 
th e above matrix becomes 

(

A - 12312 

- 35V5 (1700) 

-35V5 (1700) 

A'- 19309 

From AEL [4 1, th e cente rs of gravit y of 3d3(04F)4pz Sf' 
and 3d24s(64F)4/Jy 5F are 37042 a nd 63972 e m- I re
s pec tively. By e valuating th e s um a nd diffe re nce of 
th e eige nva lu es of the above matrix we obt a in 

A = 49550 and A'= 83090 

2.2 . Results 

Th e configura tion cl3p comprises 48 th eore ti c al 
terms s plittin g into 110 le ve ls. In rPsp the re are 38 
terms s plitting int o 90 le ve ls. In A EL, 41 te rms 
s plittin g into 101 levels are ass igned to th e configura 
tion V " - cl3p and 9 term s s plittin g int o 27 le ve ls are 
assigned to V II - ([2sp. In addition , th e re a re 7 odd 
expe rime ntal levels without definit e confi guration 
assignme nts. Of the 135 experime ntal leve ls whic h may 
be fitted to cl3p + d 2sp the fo llowing 12 le ve ls were 
neglecte d: 

1. The le ve l 1~ at 62762. 
2. The five le ve ls of 3d24s (6 4F ) 4py 5G. 
3. The le ve l 3(124s (6 2G ) 4p x I H. 
4. The le ve l 3(f24s (6 2G) 4p tV IG. 
5. Th e le ve l 3([24s (6 2G) 4p tV IF. 
6. Th e le vel u 3F4 at 76644. 
7. Th e le ve l 2~ at 76405. 
8. Th e le vel w lD at 78791. 

Of the 123 levels fitted it was necessary to make the 
followin g c hanges in assignme nt: 

1. 3(13 (0 2P )4px 3D ~ 3d:1(a 4P)4py 3D. 
2. 3cl3 (a 2D)4py Ip ~ 3cl3 (a 2P)4pz IP. 
3. AEL 3d3 (c 2D) 4pt 3D I.2.3? ~ 3d2(1D)4s4pep)3D _ 
4. AEL l/, 3F2. 3 ~ 3(P (3 P) 4s4p (3P) Sp. 

In addition , the following pairs of terms were 
strongly mixe d: 

1. 3d3 (a 4F )4pz SFI.2. 3 and 3d 3 ((/ 4F)4pz 3DI.2. :1. 
2. 3(f3(a 4P)4pz 3PO. I. 2 and 3d3 (a 4P)4py 5Do. I. 2. 

3. 3d3 (2H)4px 3G3 and 3d3 (a 2D)4py IF:l • 

Th e 123 levels we re fitt ed by means of 16 free elec-

tros tati c paramete rs and 3 free spin-orbit parameters 
to yi eld a rms error of only 66. The following parame
te rs were obtained in the least squares of the final 
it eration: 

A = S1096 ± 74 
A ' = 82727 ± 119 

8 = 8 ' = 792 ± 2 
C = C' = 2746 ± 12 

Ccr.= 1820 ± 25 
F 2= 339 ± 2 
P.; = 392 ± 10 

C I = C-; = 360 ± 2 
C3 = C~= 30 ± 1 

Cps = 7900 (fix ) 
(l' = 32 ± 2 

(l" = 77 ± 10 
f3 = f3 ' = - 179 ± 66 
T = T ' = -3.8 ± 0.3 

H = 86 ±7 
j = 1011 ± 72 
K = 3288 ± 58 
~d= 171 ± 10 
~~= 197 ± 15 

~p = ~;) = 262 ± 20 
~ = 66 . 

As Cps is mu ch large r th a n CdS th e inte rac ti on p- s 
is s tronge r than th e int e raction a-so Thu s, the le vels of 
th e configurati on d2sp ar e coupled as d 2 (v IS IL I) 
sp (UP ) SL a nd not d2s (S2 LI )P S L , as give n in AEL. 

In the variati on of th e leas t squares fro m whi ch th e 
above param eters were tak e n th e s um of the squares of 
th e deviations dro pped onl y from 483, 520 to 454, 850. 
Thu s, no furthe r it e ra ti on was required . 

2_3_ Discussion 

Of the 12 levels neglected, 3 could be fitted with 
deviations mu ch larger than the rms error of 66, 
whereas the other 9 le vels de finitely have no p lace in 
the configurations d 3p + d 2sp. 

All the five le ve ls of the te rm 3d 24s (b 4F ) 4py 5G are 
given as un certain in AEL. In additi on all the co mbi
nations of y 5G with eve n leve ls are given with a 
question mark in the ori ginal pape r of Meggers and 
Moore [7J. In the initial diagonalization the mean 
difference between the experimental and theoretical 
le vels of (PS (4F )y 5G was over 4000. This value is much 
higher than for the oth er levels and so immediately the 
levels of y 5G were neglec ted_ 

The level 1~ at 62762 could be fitted to d:l(2F)p 3F 4 

with a deviation of 310. However , as this de viation is 
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almost fiv e tim es the rm s error and there is no ex peri
me ntal g value, it was decided not to include this leve l. 

The levels 3d14s(1G)4p [IH , IG , and IFJ are theo
retically at 98370, 96020, and 102680, respectively. 
Thu s, the assignments give n in AEL are definitely 
not correct for these leve ls. The le vel w IH a t 70936 
cannot be assigned to any leve l of J eq ua l to 5. The 
closest calc ulated level to w IG for J equal to 4 is 
d2s(2F)p IG at 73563. The refore, the level w IG mu st 
also be neglected. The level w IF at 74664 could be 
ass igned to d1s(2G)p 3F3 with a deviation of around-350. 
For th e same reason s as for the level 1°4 , the level 
w IF was not included. These three levels co uld co n· 
ceivably belong to 3d35p. 

The two levels u 3F2 . 3 at 76220 and 76386 fit with 
deviations of 47 and - 37 to the calculated levels 
d2s(4P)p SP 2 . 3. However, th e leve l u 3F4 at 76644 
co uld not be assigned to any theoreti cal level of J 
equal to 4. The level w ID at 78791 would fit with a devi
ation of only about 210 to the level d3(B2D)p 3P 2. How
ever, as w ID is give n as uncertain in AEL, we were 
reluctant to insert it and make the subseque nt change 
in assignment. If, on the other hand , the level w ID 
is assigned to d3 (B2D)p ID , the n the deviation is 700, 
whi ch is definitely to o high. 

Th e term 3d3 (c2 D)4pt 3D, whose assignment is 
ques tioned in AEL , fits very well to the theoretica l 
term d2s(2D)p 3D, both in the values and g-factors of 
the levels . In one variation the levels t 3D were fitted 
with · the sa me theoretical assignments. However , the n 
the deviat ions were mu c h larger and in addition, a 
value of f3 equal to -700 was obtained , which seems 
definitel y too high whe n compared with the values of 
f3 in the GLS of d"p [3]. 

The level 3°3 at 79040 has a de viation of only - 48 
when assigned to ([2s(3G)p 3G3. 

It is e vident from the theoretical compositions 
that the parents of the terms Z IP and y IP should be 
exchanged, as indicated by the second c hange. 

, Th e final parameters seem very reasonable. It is 
' impossible to have both A' and Cps free since all the 
terms of d2sp inserted have nearly the same deriva
ti ve of - 1 with res pec t to Cps, Nevertheless, it was 
found that with Cps equal to 7900 instead of the original 
value of 8837, the results are improved. This is due to 
the fact that a few of the levels of d2sp inserted, have 
corres ponding eigenvalu es, whose derivatives with 
respect to Cps are positive. Thus, Cps is not completely 
undefined, but since if it is left free the deviation in 
Cps is greater than 1000, it is more meaningful to have 
thi s param eter fixed. Variations were performed in 
whi ch all or a few of the parameters, B', C', C; , C;, 
and ~~ were allowed to be free. Although the values of 
the parameters were reasonable, they were not well 
defin ed. This follows from the fact that there are only 
9 experime ntal terms in d 2sp which s plit into 28 levels 
and thu s it is more re asonable to have 

B'= 8 
C'=C 
C; = CI 
C3= C3 

~;)= ~p. 

However, the parameters F~, 0" , and ~d should be 
free as not only do they have well-defined reasonable 
values , but they also lower the rms error. If 0" is forced 
to equal 0', and no other c hanges are made, the rms 
error ri ses from 66 to 74. If, in addition ~d equals ~d, 
the rms error increases to 81. If, furthermore, F~ equals 
F2 the rms erro r ri ses to 98. 

The parameters f3 a nd T are s ignificant. Weare not 
able to co mpare the e ffect of f3 and T in the las t itera
ti on because f3 a nd T alread y differed from zero in th e 
diagonalization of that iteration. In the previous itera
tion , the rms error with f3 and T fixed at zero was 121, 
whereas with f3 a nd T free, the rms error dropped to 
79. The values of f3 and T for that iteration were 

f3 =-190 ± 71 
T =-3.9±0.4. 

The values of the parame ters J and K are also very 
reasonable and do not differ greatly from the initial 
values . As expec ted , H is s mall but well defin ed. 

The agreement between the experimental and ca l
c ulated g valu es is very good except for the case of 
(4 P)ySD4 • The eigenfun ction of thi s level co mprises 
97 per cent (4P) sD, and the re mainin g 3 per cent are 
also 5D. Thus , the calculated g value exactly equals the 
theoreti cal g value of 1.500. Th e va lue of 2.28 in AEL 
see ms definitely not correct as 1.5 is th e hi ghest 
theoreti cal g value for a ny level of J equal to 4 in the 
confi gurations dlp + d2sp. 

By considering the interaction with the configura
tion d2sp , not only is ther e a great improvement in 
the fittin g of the experimental le vels (rms error of 
66 versus 269 for V II - d3p) , but al so the g values fit 
much better now. As a particular example we can con
sider the two levels d3(4F)pz SF I and d3(4F)pz 3DI, 
whose experime ntal g factors are 0.35 and 0.24, re
s pectively. In the treatm e nt of V II - d3p the calcu
lated g factors for these two levels are 0.166 and 
0.596 , whereas the present calculated values are 0.300 
and 0.238, respectivel y. 

3. Ti II - 3d 24p + 3d4p4s 

3.1 . Initial Parameters 

As for V II , the initial para meters B, C, F2 , Ct, 
C3 , 0', ~d , and ~JJ were taken from the GLS of the con· 
fi gurations d"fJ of th e seco nd spectra, [3J. From the 
variation with f3 and T eliminated and with the sa me 
approximation as for V II, 

B = 685 
C =2290 

F2= F~=300 
GI= C; =335 
G3 = C~ =29 

0' =58 
~d = ~~= 130 
~p = ~~=230. 
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Th e initi al val ue of Cds, H , J , and K for Ti IT can 
be take n from th e final res ults of V IL Then 

CdS = 1820 
H = 86 
J = 1011 
K = 3288. 

As for V II the initial value of Cps is obtained by 
interpolating the values of Cps from Sc II and Ga II. 
Th en, 

CPS = 8540. 

The initial values of A and A' were obtain ed from the 
e lec tros tati c interaction matrix of 4P, whi ch is of order 
2 one term assigned to d 2p and the other to dsp . P er
formin g a calculation similar to that of 5F for V 11 yield s 

A = 38435 
A'=64775. 

From th e GLS of d"p [3J, the value of A for Ti II - d2p 
equals 37607. T hi s value is, as expected , lower than 
the present value s in ce the co nfiguration 3d24p is 
lower th an 3d4s4p and thus each term of 3d24p which 
feels a n interac tion with 3d4s4p te nd s to be lowered 
by this interaction. In the diagonalization of Ti II 
d2p + dsp, the matri ces of (d + s)2p were used with all 
th e parame ters pertaining to the configuration S2p 
hav ing a value e qual to zero. 

3 .2 . Discussion and Results 

The configuration d2p co mprises 19 theoreti cal 
terms s plitting into 45 le ve ls. In dsp th ere are 12 
th eore tical terms splittin g into 23 levels . In AEL. 18 
terms splitting into 43 levels are assigned to d2p a nd 
7 ter ms s plitting into 17 levels are assigned to dsp. 

As in V II , th e interaction s-p is much s tronger than 
th e interaction d-s a nd so the levels of dsp are co upled 
as d(2D)sp(l ,3P )S L. 

The experim e ntal value for the center of gravity of 
th e term d(2D)sp 3PX 2p in AEL is 53126. TheOl'eti
cally , this term was calculated initially at 59900. Thus , 
the experime ntal levels of the terms x 2p cannot be 
fitt ed to the calculated le vels of this term. Now, in 
th e region 52000- 54000 there are the theoretical terms 
d(2D)sp(3P)y 4F , d(2D)sp(3P)x 4D and d(2D)sp (3P)w 2D. 
Th us, it is possible to fit only one of the two experi
me ntal levels, x4DI /2 at 52330 a nd x 2Pl/2 at 5312 1. On 
the other hand , we can attempt to fit the level x 2P3/ 2 

at 53128 to th e theoreti cal level y 4F3/2' as the te rm 
2D(3P )4F predi c ted in thi s region , is not found experi
me ntall y. With these assignm ents th e rms error in 
the least sq uares of the first diago nalizati on was 162. 
W e also considered the variation in whi ch th e following 
c ha nges were made : 

AEL 

AEL 3d4s (a 2D)4px 4 D3/2 ,5/ 2, i/2~deD)sp (3p)y 
4 F 3/2,5/2, i/2 

a nd then the level x 4 DI /2 at 52330 was neglected. In 
thi s variation the rms error was 121. In addition , from 
a consideration of th e combination s of x 2P3/2 a nd 
x 4D3/2, [8], it is more reaso nab le to fit th e level x 4D3/2 
to y 4F:1/2 than to fit x 2P3/2 to y 4F3/2. Th us, th e la tter 
vanatJOn was considered for parameters of the next 
iteration and subseque ntly th e above c hanges were 
adopted. 

Since the experimental term d2 (1S)p 2p is miss ing, 
it is necessary to hold a fixed at the initial value of 58. 

Using the initial approximation that the parameters 
F2, C1 , C:l, Sd, and Sp of d2p and dsp are equal in the 
leas t squares, we found that H tended to change its 
sign from the value gi ven in the diagonalization. This 
ins tability in H was overcome by givin g the parameter 
F~ freedom. It th e n became appare nt that also C: 
and C~ should be free in order to improve the res ults. 
However, th e paramete rs S:, a nd S~ are not well defin ed 
by th e experim e ntal data availab le. Thu s, we se t 

and 

In th e fin al variation of th e leas t sq uares, 30 ex peri · 
me ntal term s splitting into 59 levels were fitt ed by 
15 free electrostatic parameters and 2 free s pin-orbit 
interaction parameters to yield a rms error of onl y 75. 
In the leas t squares of the last iteration th e s um of the 
squares of the deviations dropped only from 237,680 
to 236,621. Th e final values for the parame ters were 

A = 38036±23 
A' = 63372 ± 56 
B= 704 ± 2 
c = 2391 ± 11 

Cds = 1379 ± 39 
F2 = 335 ± 3 
F~ = 419 ± 7 
C1 = 364 ± 3 
C: = 485 ± 14 
C3 = 34 ± 2 
C~ = 60±4 

Cps = 7326 ± 63 
a = 58 (Fix) 
H = 29±16 
) = 1363± 102 
K =3240±56 

Sd = S~ = 117 ±9 
SP = S~ = 243 ± 24 

Ll = 75 . 

In Ti II the interaction with th e configuration dsp 
is very important. In Ti n-d2p the rm s error was 319, 
whereas here for d 2p+ dsp, it is reduced to only 75. 

4. Sc II - 3d4p + 4s4p 

4.1. Initial Parameters 

The initial values of the parameters F2 , C), C3 , Sd, 
and SP were taken from the GLS of the configurations 
rJ~'p of the second spectra 'Y'ith f3 and T el~minated 13l. 
For Cps the approximate value of H243 needed for inter-

163 



polatin g the initial value of Cps for V II , was used here. 
Th e initi al values of } and K were taken from the fin al 
values of Ti II- 3d24p +4s4p. T hus for Sc II initially; 

F2 = 290 
C,=340 
C3 =27 

C ps = 8243 
} = 1363 
K = 3240 
~d = 68 

~p = ~~ = 200. 

The initial values of A and A' were obtained by using 
the elec tros tatic matrices of 3 p and I P and averaging. 
Then , 

A = 29595 
A' = 46148. 

4.2. Discussion and Results 

The configurati on dp comprises 6 terms s plitting into 
12 levels a nd the configuration sp has 2 theoreti cal 
terms s plitting into 4 levels. All 16 ex perime ntal levels 
are given for Sc II in AEL. 

The 8 terms s plittjng into 16 levels were determined 
in the leas t squ ares calc ulations by 8 elec trostati c 
paramete rs and 3 s pin·orbit interac tion para meters. 
The rm s error obtained was only 4.6. There were no 
changes in assignm e nt a nd the 10 experimental g fac· 
tors fitted very well to the calculated valu es. The 
followin g values fo r the para meters were obtained in 
the fin al leas t- squ ares: 

A = 29357 ± 2 
A'= 46130 ± 7 
Fz= 325± 0.4 
CI = 386 ± 0.4 
C3 = 25 ± 0.4 

Cps = 7835 ± 9 
} = 1254 ± 10 
K = 3248 ± 6 
~d = 81 ± 2 
~p = 181 ± 5 
~~ = 25 1 ±5 
L1 = 4.6. 

.._--_.- -- --

Although there are 8 electrostatic parameters to 
determine the 8 terms , we note that the above paramo 
eters are very reasonable when co mpared with those 
of V II and Ti II. We thus conclude that there is a 
strong interac tion between the co nfigurations dp and , 
sp, but nei ther d fJ nor SfJ feels a ny strong interaction(s) 
from other co nfiguration(s). Otherwise, thi s inter
ac tion(s) wo uld be noti ced from the values of the 
above parameters. 

5. Tables of the Observed and Calculated 
Levels and g-Factors 

In the column "NAME" the calc ul a ted des ignation 
of th e term is given. Whe ne ver the terms of the pare nt 
d l/ have different se niorities these a re denoted by the 
le tte rs A and B , the lower calculated term being 
designated by A. Whe never a cal c ulated te rm has a 
corres ponding experim ental te rm , the s ma ll le tt e rs 
Z. y, x, . . . are used as in AEL. The term s of d l/ ~ ' SI) 
are de noted by dl/~ ' v , S ,L, (S I) 1 , 3P)SL. 

Th e entries in the columns "} " , " OBS . LEVEL l·! 
cm- I " "CA LC. LEVEL c m- I " are se lf-evident. In 
the column . " P ERCENTAGE" . for each calculated 
level either the three highes t contributions or a ll those 
contributions exceeding 5 percent are given. 

W he never the experimental a nd calc ul a ted term 
des ignations differ, th e experim e ntal designation is 
entered in th e column "AEL" using the nota ti on of 
C. E. Moore [4J. In man y in s tances the exchanges 
in volve co mplete terms rath er than isolated le vels. 
Unl ess specifi ed otherwise the entries in th e column 
"AEL" pe rt ain to exchanges in terms. 

The column " O- C" gives the diffe re nce be tween the 
obser ved a nd calc ulated values of th e le vels . 

The columns " OBS. g·F ACTOR" and " CALC. 
g-F ACTOR" give the observed and calculated values 
of the Lande g-factors respectively. 

The entries are in ascending orde r of magnitude of 
the calculated terms. 



TABLE 1. Observed and calculatecllevels olSe II , 3d4p + 4s4p 

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

(e m- I) (em- I) 

(' D)z ID 2 99 + l('DJ3F 26081.32 26081.18 0.14 1.00 0.998 

('D)Z3F 2 99 + l('DrD 27443.65 27446.3 1 -2.66 0.65 0.672 
3 99 + I('D)3D 27602.32 27604.11 -1.79 1.10 1.085 
4 100 27841.1 7 27836.83 4.34 1.25 1.250 

(' D)Z3D 1 100 27917.69 27912.04 5.65 0.51 0. 502 
2 99 28021. 21 28020.89 0. 32 1.16 1.165 
3 99 28161.03 28167.08 -6.05 1.33 1.331 

(' D)z 3p 0 90 + lO('S)"? 29736.22 29736.98 - 0.76 
1 88 + lOt'S)"? 29742.12 29743.62 - 1.50 1.489 
2 90+ lO("S)3 P 29823.92 29821.63 2.29 1.50 ] .499 

(, D)z IP 1 91 + N D)IP 30815.65 3081 5.64 0.01 1.00 1.008 

('D)z IF 3 100 32349.98 32349.98 0.00 1.00 1.000 

('S)y" P 0 90 + 10(' D)"? 39001.59 39001.63 - 0.04 
1 90 + 10(2 D)"? 39114.44 39114.06 0.38 1.500 
2 90 + lOe D)" p 39344.90 39345.23 - 0.33 1.500 

('S)y IP 1 93 + 7{'D)IP 55715.52 55715.52 0.00 1.000 

TABLE 2. Observe~1 and calculat~d levels 01 Ti 1I -3d'4p+3d4s4p 

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

(em - I) (em - I) 

(3f)z'G 5/2 98 29544 29592 - 48 0.57: 0.577 
7/2 99 29734 29780 - 46 0.98: 0.986 
9/2 100 29968 30013 - 45 1.172 

11/2 100 30241 30287 - 46 1.273 

(3F)z 'F 3/2 96 30837 30760 77 0.40: 0.412 
5/2 98 30959 30886 73 1.03: 1.031 
7/2 98 31114 31045 69 1.24: 1.238 
9/2 99 31301 31234 67 1.333 

(3f)z ' F 5/2 85 +7( ID)' F 31207 31237 - 30 0.86: 0.867 
7/2 89 + 7(1D)'F 31491 31499 -8 1.14: 1.147 

(W)z'D 3/2 83 + 9(3P)'D 31756 31742 14 0.92 0.797 
5/2 78 + 8(3P)2D + 5(,F)<D 32026 32019 7 1.20 1.191 

(3F)Z 4D 1/2 96 32532 32577 - 45 0.00 0.000 
3/2 94 32603 32643 - 40 1.20 1.188 
5/2 91 32698 32733 -35 1.37 1.362 
7/2 95 32767 32793 - 26 1.43: 1.426 

(3F)z 'G 7/2 95 ' 34543 34517 26 0.89: 0.889 
9/2 95 34748 34705 43 1.11: 1.113 

(3P)z 2S 1/2 99 37431 37448 - 17 2.09 1.997 

(lD)Z2 P 1/2 97 39675 39563 11 2 0.67: 0.672 
3/2 73+ 19(1 D)2D 39603 39424 179 1.21 1.220 

(lD)y2D 3/2 61 + 21(1 D)2P + 8(3P),D 39233 39498 -265 0.80: 0.932 
5/2 42 + 40(, D)2 F + WP)2D 39477 39603 - 126 1.20: 1.048 

(,D)y'F 5/2 49 + 37(1 D)2D + 4(3P)2D 39927 39907 -20 0.86: 1.016 
7/2 87 + 8(3Fj2F 40075 39988 87 1.14: 1.152 
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TABLE 2. Observed and calculated levels ofTi 11-3d24p +3d4s4p-Continued 
I 
" OBS. CALC. OBS. CALC. 

NAME J PERCENTAGE AEL LEVEL LEVEL O- C g-FACTOR g-FACTOR 
(em- I) (em - I) 

(3P)z 4S 3/2 96 40027 40109 - 82 1.972 

(3P)y ·10 1/2 97 40330 40287 43 0.002 
3/2 96 40426 40387 39 1.197 
5/2 95 40582 40547 35 1.368 
7/2 93 40798 40767 31 1.418 

(3P)z 4P 1/2 96 41997 41988 9 2.664 
3/2 96 42069 42070 - 1 1.731 
5/2 96 42209 42255 - 16 1.598 

(IG»)"G 7/2 95 43741 43746 -5 0.89: 0.891 
9/2 95 43781 43787 -6 l.11 : l.1l0 

(3 P)X2O 3/2 74+ 12(10)20 +5("P)' P 44915 44990 -75 0.80: 0.828 
5/2 79+12(10)20 44902 44976 - 74 1.20 : 1.200 

{"P)y2P 1/2 94 45473 45419 54 0.66 : 0 .667 
3/2 89 45549 45499 50 1.33: 1.304 

(IG )Z2H 9/2 99 45674 45667 7 0 .910 
11 /2 100 45909 45922 - 13 1.092 

(IG)X2F 5/2 90 + 72O(3P)2F 47625 47631 - 6 0.86: 0.856 
7/2 90 + 72D(3P)2F 47467 47453 14 1.14: 1.142 

20 (3 P)4F 3/2 98 ds(a 30)pX 4D 52459 52342 117 0.407 
5/2 98 52471 52478 -7 1.031 
7/2 99 52631 52672 - 41 1.239 
9/2 99 52916 1.333 

2D(3 P)40 1/2 97 ds(a 3D)px 2p 53121 53088 33 0.001 
3/2 95 53128 53150 - 22 1.188 

,. 

5/2 91 53257 1.361 
7/2 96 53436 1.427 

'D(ap)w'O 3/2 92 ds(a 30)pW 2D 53597 53628 -31 0.802 
5/2 89 53555 53601 -46 1.211 

2D(3P)y4P 1/2 97 ds(a 3D)p)' 4p 56223 56241 - 18 2.666 
3/2 96 56249 56267 - 18 1.733 
5/2 96 56326 56329 -3 1.599 

2D(3p)w 2F 5/2 96 ds(a 3D)pw 2F 59322 59300 22 0.856 
7/2 96 59468 59453 15 1.144 

2D(3p),P 1/2 80 + 20(IS)2P 60059 0.667 
3/2 84 + 16('S)2P 59969 1.333 

(IS)' P 1/2 74 + 20'O("P),P 64325 0.667 
3/2 78 + 162D(3P)2P 64500 1.333 

20(IP)V 2O 3/2 95 ds(b I O)pv 2D 69327 69322 5 0.801 
5/2 94 69622 69573 49 1.197 

2D(IP)v 2 f 5/2 94 ds(b 'D)pv'F 70606 70680 -74 0.859 
7/2 95 70893 70875 18 1.143 

2D(lp),P 1/2 92 73597 0.667 
3/2 92 73879 1.333 

166 



TABLE 3. Observed and calClllated levels of V II 3d"4p + 3d'4s4p 

085. CALC. 085. CALC. 
AME .I PERCENTAGE AEL LEVEL LEVEL O- C g-FA CTOR g-FA CTOR 

(em- I) (em- I) 

(4 F)z ' G 2 100 34593 34590 3 0.31 0.334 
3 100 34746 34740 6 0.93 0.917 
4 100 34947 34939 8 1.14 1.150 
5 100 35193 35184 9 1.16 1.267 
6 100 35483 35473 10 1.333 

(·F)z "0 ] 51 + 42(4F)5F d 1(a ·F)pz ' F 36489 36470 19 0.35 0.300 
2 44+ 44(4F)'F d1(a 'F)pz "D 37041 37020 21 1.08 1.117 
3 55 + 21 (,'F),O + 17(4F)'F 37205 37207 - 2 1.32 1.354 

(" F)z ' F I 56 + .37('FPO d"(a "F)pz "0 36955 36925 30 0.24 0.238 
2 54 + 38(4F)"D d"(a 4F)pz ' F 36674 36654 20 1.08 1.086 
3 81 + 13(4F)"D 36919 36897 22 1.24 1.269 
4 98 371 51 37126 25 1.350 
5 98 37352 37338 14 1.40: 1.398 

(4 F)z 5O 0 97 37201 37254 - 53 
] 94 372S9 373] J - 52 1.39 1.464 

l 2 87 + ]O(,'F)"O 37369 37421 - 52 1.39 1.462 
3 73 + 23(" F)"0 3752 1 37572 -5J 1.47 1.458 
4 97 37531 37603 - 72 1.44 1.498 

('F)z "G 3 91 + 7(2G)"G 39234 39268 - 34 0.84 0.752 
4 91 + 7('CpG 39404 39437 -33 1.03 1.052 
5 91 + 7(2G)"G 3961 3 39652 - 39 1.19 1.202 

(4F)z "F 2 94 40002 40007 - 5 0.65 0.667 
3 94 40196 40203 - 7 1.02 1.083 
4 94 40430 40444 - 14 1.22 1.250 

(4P)Z 5P 1 94 46755 46669 86 2.28 2.446 
2 62 + 20('P)' 0 + 14(4 1',1 P 46880 46809 7] 1.65 1.705 
3 98 - 47052 46957 95 1.58 1.663 

(,'P)z "P 0 39 + 48(4 P)' 0 d3(a 4P)py 5O 47028 47047 - 19 
1 48 + 41(4P)50 47]08 47 11 3 -5 1.43 1.5 ] 1 
2 44 + 34(·P)5P + 13(4P)5 0 d3 (a 4P)pZ 3p 46740 46754 - 14 1.48 1.614 

(4p)Z '0 0 48 + 40(4P)"P d"(a 4P)pZ "I' 46586 46627 - 4 1 
1 55 + 33('1')" 1' 46690 46717 - 27 1.44 1.537 
2 63 + 26('1'),, 1' d"(a 4p)py 5O 47102 47092 10 1.47 1.5 11 
3 95 47181 47152 29 1.48: 1.502 
4 97 47420 47380 40 (2.28) ] .500 

(,C)z "H 4 88 + 12("H)"H 47056 47047 9 0.78 0.801 
,5 87 + 12(2H)" H 47297 47281 16 1.01 1.034 
6 87 + ]2(,H)"H 47608 47578 30 1.13 1.166 

> (2 p)ZIS 0 90 + 7('P)"P 48258 48473 - 215 

(,C)y"C 3 80 + 7(·F)"C + 7('G) ' F 48,580 48654 - 74 0.67 0.784 
4 87 + 7(4F)'IC 48731 48815 - 84 1.02 1.054 
S 84 + 7('F)"C 48853 48940 -87 1.22 1. 187 

(2C)y" F 2 78 + lS(A2 O)" F 49202 49254 - 52 0.63 0.680 
3 46 + 29('C)' F + 10(2c )"e 492 ] ] 492] 5 - 4 0.99 1.01 7 
4 60 + 28('C) ' (; 49269 49265 4 l.l8 1.174 

(2e)z 'F 3 49 + .34(,C)"C + 7(A' 0)'F 49568 49518 50 0.97 1.033 

(2G )Z 'H s 72 + 2 1 (' H)' H 49593 49545 48 0.95 1.011 

fG)z ' G 4 69 + 23('cr'F 49724 49678 46 0.96 1.068 

(,p)z 55 2 96 49731 49738 -7 1.992 

(2 p)z '0 2 50 + 36(A2O)'0 49898 49920 -22 0.93 0.9 99 
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TABLE 3. Observed and (dculated levels of V II 3d34p+3d'4s4p - Continuer' I 
l 

1 

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

(cm - ') (cm - ') 

(2 P)y 31" 0 63 + 36(NO)3P 50662 50545 117 
1 50 + 29(A20)3P + IO('P)'O 50739 50647 92 1.39 1.328 
2 58 + 38(NO)3P 51123 51030 93 1.51 1.493 

('P)y 3O 1 52 + 21(41")-10 + 9(2P)3P d"(a 4P)py 3D 50474 50539 -65 0.49 0.675 
2 58 + 27(41")30 50775 50843 -68 1.11 1.157 
3 55 + 32(4P)30 51086 51155 -69 1.27 1.327 

(2 p )Z 35 I 82 + 11 (4P)"5 52181 52099 82 1.85 1.974 

(2H)y3 H 4 86 + 12(2G)"H 52083 52046 37 0.70 0.804 
5 87 + 12(2G!'H 52154 52123 31 0.98 1.034 
6 87 + 12(2G)3H 52253 52229 24 1.04: 1.166 

(A2O)x 3F 2 74 + 12(2C)"F 52246 52299 -53 0.68 0.710 
3 58 + 22(4P)30 + 9(2C)3F 52392 52436 -44 1.07 1.157 
4 85 + IO(2C)3F 52658 52718 -60 1.18: 1.250 

(4P)X 3D 1 52 + 16(21")30 + 13(NO)30 d"(a 2 P)px 3D 52604 52562 42 0.63 0.577 
2 51 + 25(2P)30 + 13(A2O)'0 52700 52624 76 1.10 1.137 
3 34 + 29(2P)30 + 23(A2O)'F 52767 52680 87 1.26 1.266 

(A2 D)z ' P 1 73 + l1(2P)' P d3(a 2P)pZ 'P 52804 52833 -29 0.92 0.951 

(2H)z 31 5 99 52878 52848 30 0.84: 0.835 
6 100 53077 53047 30 0.98 1.024 
7 100 53320 53290 30 1.11: 1.143 

(A2D)w 3O I 76+ 12(2P)30 53751 53722 29 0.49: 0.522 
2 80+ 11('1")'0 53869 53852 17 1.10 1.169 
3 84 + 7('P)30 53927 53914 13 1.37 1.325 

(2H)y'C 4 82+ l1(2F)'C 54144 54131 13 1.00 1.001 

(A2D)x 3P 0 52 + 30(2P)3P + 14(4P)"P 54813 54817 -4 
1 48 + 28(,P)3 I" + 13(4 P)3P 54718 54723 -5 1.499 
2 48 + 32(,P)3p + 15(4P)3P 54716 54696 20 1.496 

(ND)y'F 3 53 + 34(,H)3G 55142 55156 -14 0.94 0.912 

(2H)x 3C 3 57 + 33(A2O) 'F 55350 55344 6 0.82 0.848 
4 88 + 63F{"P)3G 55304 55255 49 1.02 1.049 
5 79 + IO(2H)' H 55207 55160 47 1.15 1.174 

(2H)z'l 6 100 55403 55428 -25 1.01: 1.001 

(2 H)y 'H 5 66 +20(2C) 'H + 12(2H)3C 55499 55546 -47 1.03: 1.026 

(4P)y 35 1 55 + 22(,P)' P + IO('P)'5 55663 55809 - 146 1.92 1.708 

(2P)y'P 1 60 + 25(4P)35 + 8(NO)' P dJ(a 2 O)y'P 56171 55996 175 1.05: 1.273 

(A2D)y '0 2 54+40(2P)'0 57343 57292 51 0.98 1.002 

3F(3P)5C 2 96 62055 0.347 
3 90+ 8(2F)"F 62211 0.933 
4 88 + IO(2F)3 F 62452 1.161 
5 100 62722 1.267 
6 100 63043 1.333 

(2F)w"F 2 85 + 73F(' P)3 F 62085 62255 -170 0.58: 0.656 
3 80 + 93Fe P)5G 62133 62286 -153 1.00 1.067 
4 78 + 1 J3F(JP)5C 62176 62299 -123 1.36: 1.237 
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TABLE 3. Observed and caLcula ted levels oJV II 3d:l4p + 3d' 4s4 p-Conlinued 

08S. CALC. 0 8 S. CALC. 
NAME J PERCENTAGE AEL LEVEL LEVEL O- C g-FACTO R g- FACTO R 

(em- ' ) (e m- ' ) 

"F(" P)y' F 1 98 d 2s(b · F) 

> py'F 63548: 63472 76 0.00 1 
2 98 63657 63576 81 1.000 
3 98 638] 7 63731 86 1.249 
4 98 64027 63934 93 1.348 
5 91 + 7('Fl'G 64287 64181 ]06 1.385 

(2 F)w"G 3 95 64057 64037 20 0.72: 0.753 
4 94 64131 64116 15 1.02 1.052 
5 89 + 7"F(" P,'F 64229 64228 1 1.215 

(' F)x '0 2 67+ 16(, Ff'D+ 9(8' 0 )'0 64586 64777 - 19J ], 03 : 1.028 

(' F)v" O 1 88 + 6"P(" Py' 0 64931 6492] 10 0.46 : 0.500 
2 72 + 15(,F )' 0 + 6"P(" PY' 0 64804 64822 - 18 1.02: 1.137 
3 88 6"P(" PYJO 64604 64629 - 25 1.22: 1.331 

(, F)x'G 4 87 + 10(, H)' G 65790 65855 - 65 0.94 1.001 

"F(" P)x ' 0 0 94 d 2s(b 4F) 
px' O 65783 6581 7 - 34 

] 94 65816 65857 - 41 1.497 
2 93 65885 65940 -55 1.497 
3 93 65997 66071 - 74 1.495 
4 94 661 59 66260 - 101 ] .499 

(' F)x ' F 3 74 + 22"F(" P)' F 66304 66] 22 182 0.95 1.004 

"F(" P)v" F 2 77 + II' 0 (" P ),' F d's(b 4F) 
IJv" F 67738 67779 - 41 0.669 

3 77 + II' 0 (" Pp F 67905 67938 - 33 1.084 
4 78 + 11 'O(" Pp F 68147 68169 - 22 1.250 

"F(" P)u "O 1 81 + 4 '0(' Py' 0 d 2s(b 4F) 
pu "O 68759 68764 -5 0.502 

2 80 + 4 ' O(" PY' O 68798 68831 -33 1.1 66 
3 80 + 4 ' O(" PY' O 68945 68994 - 49 1.331 

"F(" P)v" G 3 92 d 2s(b 4F) 

> pv" G 69644 69649 -5 0.753 
4 92 6991 2 69869 43 1.051 
5 93 70228 70149 79 1.200 

"F(" P)' F 3 73 + 19(,F)' F 71 348 1.000 

"F(" P)' O 2 82 + 9"P(" P)' 0 71376 1.001 

"F(" P)' G 4 93 73563 1.005 
> 

"P(" p ,'S 2 95 73059 1.993 

"Pf' P,' O 0 96 73664 
1 96 73721 1.499 
2 95 73830 1.495 
3 94 73986 1.490 
4 90 74181 1.483 

"P(' Pl'S 1 92 74039 1.986 

, O(" PYJF 2 80 + 12"F('P),' F 74792 0.674 
3 79 + 12" F(' P),' F 7491 2 l.095 
4 76 + 10"F('P)"F 75121 1.263 

'O(, P),' P 0 89 + 6" P(" P)'S 75249 
1 77 + 9 ' O(" P),' O 75252 1.433 
2 84 + 6'0(" PY' 0 75104 1.490 
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TABLE 3. Observed and calculated levels oj V II 3d34p+ 3d'4s4p-Continued 

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

(CITl ~ ' ) (C Il1 ~ ') FACTOR FACTOR 

O("P)t"O 1 58+ 12(B"OY10 + 11'O("PPO d3(c 20) 
0.624 pI 3D 75715: 75695 20 0.50: 

2 56 + 13(B"O)"0 + 8' O(" P ),' I) 75758 75796 - 38 1.14: 1.224 
3 54 + 19"pe p}' p + 10(B' O}lD 75848 · 75840 8 1.27 : 1.396 

P(,' P)' S 0 92 75927 

P(" P}' P 1 94 76052 2.456 
2 92 u 3F 76220 76173 47 1.787 
3 80 + 10' OCP)'lO u :1 F 76386 76422 -36 1.599 

B"D)'lO 1 73+ 18'O("P),10 77278 0.510 
2 70 + 19' oep)'lO 77277 1.172 
3 09 + 22 ' oep}lO 77322 1.334 

B2O)'O 2 74 + 14:1pep)'1) 78093 0.982 

B'O),l F 2 66 + 12(B"O)"P + 6'G("P)"F 78566 0.834 
3 85 + 8'G(3P}"F 78594 1.084 
4 86 + 8' G("P),'F 78689 1.250 

B"O},P 0 66 + 333P(3P PP 78753 
1 66 + 23"P("P),lP 78694 1.492 
2 55+ 24:1P("P),'P+ 15(B21))"F 78578 1.347 

G("P)"G 3 77 + 2PF( 'P,"G 3° 79040 79089 - 49 0.750 
4 79 + 191F(' P),'G 79166 1.050 
5 81 + 173F(' P),'G 79259 1.200 

B' O)'F 3 93 80596 1.001 

p ("pro 1 64 + 14"F(' P)"O + 8' O("P),'D 81585 0.513 
2 66 + 143F('PflO + 7'O("P),'0 81658 1.166 
3 67 + 153F('P),' 0 + 7' O("P}"0 81737 1.333 

G("P)"H 4 99 82179 0.800 
5 99 82309 1.034 
6 100 82465 1.167 

(B2 O)'P 1 55 + 423P("P)'P 82512 0.988 

'F('P),lF 2 91 82636 0.669 
3 48 + 38:1F('P),lG + 9'G("P)'lG 82865 0.924 
4 72 + IT1F( ' P.i1G 83305 1.209 

F('Pj1G 3 42 + 431F('P},F + 8'G(" P J"G 83004 0.910 
4 64 + 191F('P),lF + 12'Gep),lG 83152 1.091 
5 83 + 13' G("PjlG 83495 1.200 

'P (" P)" P 0 70 + 28(B'O),3P 83859 
1 71 + 27(B'Orp 83909 1.499 
2 71 + 25(B' O)3P 84010 1.487 

'pep)'O 2 64 + 101F(" P)'O + 10(B2O)' O 84561 l.017 

F('P)"O 1 80 + 13"Pr"P),'0 84591 0.502 
2 79 + 123 Pr"P),'0 84854 1.160 
3 82 + 13"P("P),'0 85203 1.333 

G("P)'lF 2 86 + 9(B"O),'F 86594 0.668 
3 86 + 10(B2D)'lF 86516 1.083 
4 85 + 10(B'O)"F 86414 1.250 

'P(" P)'P 1 55 + 41 (B' O)'P 88072 1.000 

' O(,P)'F 3 93 91023 1.002 

'O('P)'P 1 67 + 273 P('P)3S 91172 1.282 

'P('P),'S 1 69 + 26' 0( ' P)' P 91547 1.717 

170 

L ____ _ 



> 

;>. 

> 
I 

I 

I 

l 
( 

TABLE 3. Observed and calculated leveis of V I I 3d"4p + 3d"4s4 p -Continued 

NAME } PER CENTAGE AEL 

--

'D(' P)' D 2 83 + 6"P(' Py'O 

"P('PY'D I 89 + 7"F~ PY'O 
2 83+ 6'0(' P)' O 
3 89 + 6"F(' Py'O 

"P('P)" P 0 92 
1 92 
2 91 

'G('P)'C 4 96 

'C(,p)' H 5 99 

' 5(" 1")3 1' 0 93 
I 93 
2 94 

'C('P)'F 3 94 

'S('P) 'P 1 96 
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