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The leve ls belonging to the configurations 5d"+ 5d86s and 5d86p of Au III were calc ulated a nd 
compared with experiment with an rms error of about 260 c m- I . By using semie mpirical methods 
and theoreti cal calculations it is shown that these configurations are bes t described by use of the j - j 
coupling sche me. 
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1. Introduction 
In a paper by L. Igles ias [112 an a na lys is of the 

s pec trum of Au III is report ed . Seve ntee n e ve n le ve ls 
are re port ed , belongin g to th e confi gura tions 5d9 and 
5d86s. Th e bari ce nter of th e configura ti on ri 8s is 
about 40000 c m- I hi gher th an th e baricente r of d9• 

Only the hi ghes t le vel of d8s was not observed. Forty
three odd leve ls re ported in refere nce [11 be long to 
th e configurati on 5d86p. Two of these levels a re 
doubtful. For the d8p configura ti on, the theory pre
dic ts 45 le ve ls . In refere nce rlJ the eve n levels are 
grouped into te rms. The ass ignme nts give n to th e od d 
leve ls are tent a tive. Onl y th eir tota l J is reall y known . 

The use of L-S coupling assignm ents for the even 
levels of Au III see med to us ra th er proble matical 
for the followin g reasons: (1) The spread of so me te rm s 
is of the order of magnitude of 10000 c m- I , (2) ma ny 
term s overl ap , (3) from the di s ta nce be twee n th e two 
levels of d9, which are prac ti call y unpe rturbed , one 
sees that the s pin-orbit interac tion param ete r s" is 
larger than 5000 c m- I . Thi s is muc h larger th a n th e 
approximate values of the e lec tros ta ti c pa ram eters as 
estimated from previous calculations [2] on Pt II , 
while the necessary presumption for L- S coupling is 
that the electros tati c interaction is conside rabl y 
stronger than the spin-orbit interaction. 

Because of thi s situation we thought it worthwhile 
to try to interpre t the levels of Au III by use of the 
j-j coupling scheme. In this scheme it is assumed that 
the spin-orbit interaction IS much stronger than the 
elec tros ta ti c interac tion. Thus for every elec tron 
its orbital a ngul ar momentum is firs t coupled with it s 
spin . We des ignate by small j the total angular mo
mefltum of a n individual elec tron , which is a good 
quantum numbe r in thi s sche me. 

*Thi s paper was partia ll y s upport ed by the Na tio na l Burcau of S tand ards. Was hin ;!tor~ . 
D.C. and by the A.F.eS. through the European Offi ce. Ae ros pace Researc h. U.S. All 
rorce. 

I The He brew Unive rs it y of J e rusa lem. J eru sa le m. Isruel. 

2 Fi gures in bracke ts indicalc the lite rature refe re nces 1.11 lhe e nd uf thi s paper. 
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In d9 onl y two s tates occur, whi c h differ by th e ir 
total J. He nce a ll the co uplin g sche mes are equiva
le nt. In d8s a nd d 8p we firs t have to s pecify the 
" pare nt s ta te" ge nerated by the d elec trons. Th e n 
we add the a ngul ar mo me ntum of the oute r e lec tron 
to the total angul ar momentum J" of all the d e lec tron s 
and obta in th e total angula r mome ntum J of th e s ta te. 
For d electrons, j may be either 3/2 or 5/2. Thus the 
configurati on d8 s plit s into three fundam e nt al groups: 

The s upe rsc ript gives th e numbe r of d elec trons hav
ing th e give n j. Sin ce we are dealin g with a n alm os t 
closed s hell of d e lec trons, it is more conve ni e nt to 
cha rac terize t~ e pare nt s ta tes by co untin g the number 
of d-elec tron " holes" in th e two subs he ll s with j= 3/2 
a nd j= 5/2. F ro m now on " d3/2 " and " d5/ 2 " wi ll not 
symbolize elec trons but elec tron holes. The three 
fund a me ntal groups will be designated : 

Si nce we are dealin g with holes, the s pin-orbit inte r
action is negative . He nce the first gro up is the lowes t 
one, the second group is the interm ediate one and th e 
third group is the highes t group. 

In groups (1) and (3) we have two equivale nt holes. 
Thus, in order to get antisymmetric s ta tes J<l can as
sume only even values. For group (2) , Jd can ass ume 
any value whi ch is consistent with the trian gular con
dition. Now we have the full li s t of the parent s tates . 
The different s tates belonging to the s ame gro up are 
di stin gui shed by their values of J". The dege neracy 
of these s tates is removed by introd ucing a weak 
elec tros tati c inte raction . We shall write J" as a 
subscript. W e get the list of 9 pare nt states, as 
follows : 



In order to get the states of d8s, we have to add to 
J(I the j of the s electron which has the magnitude 1/2. 
For d8p , one has to add to Jd the j of the p electron , 
1/2 or 3/2. 

We shall describe separately the treatment of these 
two configuration s. 

The Qualitative Treatment of the Configuration 
5d86s. First we shall write down the list of j-j states 
for d8s. It is suffi cient to check whi ch parent-states 
of d8 appear for each total}. They are: 

J = l /2 J = 3/2 J = 5/2 J = 7/2 J= 9/2 

( d.~/2)O (a~/,), (I{i/,h (ai/,). (d~/2). 
(il' /2 d' /2) I (rl3/2 d5/2) 1 (iI,,/, iI,/,), (dl /' d5/2):. (d3/ 2 do/,). 

(d:i/2)O (d,, /, ds/,), (dl/2 iI, /,h (il3/2 d5/2 ). 

(1[,1/2), (iI:;/,), 

In thi s list we have 7 parents with Jd oF- 0 occurring 
twice and 2 terms belonging to the parents (d~/2)O and 
(d~/2)O occurring once. 
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FIGURE 1. The levels of the configuration 5d 86s. 

Now we can compare this li st with figure 1, where 
the observed levels of d8s are re presented. For J 
= 1/2, 9/2 th e situation is very simple , since only one 
representative (at most) of each of the three funda
mental groups of parents (defined earli er) appears in 
them. Hence, for J = 9/2 it is obvious that the low
lyin g le vel belongs to (d~/2)4 and the high one to (d3/2 
d5 /zk For J = 1/2 it is clear that the low lying level 
is the single t belonging to (d~/2)O. The second level 
having J = 1/2 belongs to (d3/2 d5/2h~ The level be
longin g to (d~l /JO is the highes t level of the configuration 
and was not observed. 

For J = 3/2, 5/2, 7/2 we always have 2 levels belon.g
in g to 2 parent terms which are both members of group 
II. For example, for J = 5/2 we know that the lowest 
level belongs to (d~/2)2 and the hi ghes t one belongs to 
(d5/2)2, but we do not know which of the remaining levels 
belongs to (d3/2 d5/2)2 and which one belongs to (d3/2 
d5 / 2h. But this difficulty can be easily overco me if we 
start from th e two levels with J = 9/2 and connect eac h 
of the m with th e neares t level having J = 7/2. The 
only remaining level with J = 7/2 obviously belongs 
to the parent (d3/2 d5/2 )3, which is not re presented in 
J = 9/2. Now we can proceed trom J = 7/2 to J = 5/2, 
and so on. By this way the j - j coupling classification 
can be very easily and uniquely completed. Only 
on the passage from J = 5/2 to J = 3/2 are there two 
levels with J = 3/2 which apparently could be 
connected with the level belonging to (d3 /2 d5/2h. 
However, only the highest of these two levels can be 
connected to the level with J = 1/2 belonging to 
(d3 /2 d5/2) 1. Thus, the uniqueness of the classification 
is preserved. 

The classification could also be done by calculating 
the diagonal elements of a weak electrostatic interac
tion as a function of J d, but in thi s sec tion we wanted 
to show that such a class ifica tion can be performed 
without any theoretical calculation. 

Several problems re main open. First of all, we 
did not prove the assumption that the actual s tates of 
Au III are j - j states, but we showed that this assump
tion leads to a reasonable interpretation. Next, 
even if the j - j coupling scheme is the best one, one 
can hardly expect pure states, so that it is interesting 
to have information on mixtures of states. It is also 
very interesting to check whether the empirical 
grouping of levels (in reference [1] and in the present 
section as well) is consistent with the theoretical as
signments which one can get by diagonalization of the 
complete Hamiltonian including the spin orbit inter
action and the electrostatic interaction as well. 

To answer all these questions a quantitative treat
ment of the spectrum of Au III is necessary. 

2. Notations and Definitions 

Before we start to describe the quantitative treat
ment we shall give short definitions of the parameters 
used in the calculations. 

The parameter A is an additive constant common 
to all the levels of a configuration. 
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The parameters Band C are linear combinations of 
Slater integrals : B=F2(d2)-SF4(d2), and C=3SF4(d2). 

The parameter G= G2(ds) measures the exchange 
interaction between d and s elec trons. The quantIty 
H = (1/3S)R2(dd, ds) is the parameter of the interaction 
of the configuration dBs with the co nfiguration df). The 
term a is the parameter of the L(L + 1) correc tion. 
The term ~d is the parameter of the spin·orbJt inter
action of a d electron-hole. The configurations 
dfJ + dBs were calculated together and their parameters 
are given in table 1. In order to distinguish between 
parameters which appear in both configurations we 
use the symbols A and ~(/ for d9 and the symbols A' 
and ~~ for dBs. 

For the configuration d Bp we use also the elec tro
static param eters A, B, C. In addition we need three 
parameters to describe the interaction between d and 
p electrons: F2 = F2(dp) describes the direct inter
action between them, while G I = GI(dp) and G3= G3(dp) 
describe the ir exchange interaction. In addition to 
~d we use also ~JJ, which is the param eter of s pin-orbit 
interaction of the p electron. 

" Diag. " is an abbreviation for "diagonalization" and 
"L.S." is an abbreviation for " least·squares 
calculation. " 

The quantitative treatment of the configurations 
(d 9 + dBs) . We es timated s tartin g values for ~he 
parame ters in the firs t diagonalization in the followJll g 
way. From a prelimin ary calc ulation on th e isoe lec
tronic spectrum of Pt II [2] we took the values of B, C 
and C. Vaules for H and a were take n from a general 
treatme nt of the first spec tra of the Pt group [31, 
whi ch was then in progress. ~(/, A and A' were esti
mated from the experimental levels of Au III, and 
Sd was se t eq ual to t;,(/. All these parameters are given 
in table 1 under the column " Diag. 1." In the follow
ing least-squares calculation (L.S. 1) we got an rms 
error of ± 276 cm - I • Th e parameters C and G chan ged 
rath er s t ron gly. For a we go t the value - 1 ± 33; 
also th e uncertaint y of H is bigger than it s value. 

In th e following diagonalization (Diag. 2) we used 
for th e parameters the values obtained in L. S. 1. The 
parameter a was give n the value zero. Diag. 2 was 
followed by two leas t- squares calc ulation s. In L.S. 2a 

all the parameters are free and we got an rms e rror 
of ± 298. For H and a we go t th e values - 120 ± 907 
and - 10 ± 47, respectively. Both are meaningl ess 
and eq ual to zero within the ir s tati s ti cal errors. In 
L.S. 2b, a was forced to be equal to ze ro. The rm s 
erro r reduced to ± 281 cm- I , but H remained mean
ingless and eq ual to zero within it s uncertainty. Thi s 
means that the int erac tion between th e configuration s 
d9 and dBs is very weak. 

In the third diagonalization (Diag. 3) the param-
eters of L.S. 2b we re used; both H and a were given 
the value zero. In the following leas t-squares 
(L.S. 3) a and H were forced to remain eq ual to 
zero and we go t an rm s error of ±266 c m- I . Th e 
values of all the parameters of L.S. 3 are eq ual to 
their values in Diag. 3. This indicates that conver
gence of the mathematical process was reached. 
Thus the calculated levels of L.S. 3 are the best 
theor~tical predictions, within the approximation w~ 
use. The parameters of the various stages of the cal· 
c ulation are given in table 1. 

Th e e lemen ts of the e nergy matri ces are usually 
calculat ed in th e L- S coupling sche me. Thus the 
process of diagonalization gives us direc tly the eigen
vec tors in thi s scheme. They are simpl y the rows of 
the diagonalizing orthogonal matrix. The j-j coupling 
eigenvectors a re calculated in the following way. Let 
us denote by HI th e energy matrix in the L-S co uplin g 
scheme and by H2 the energy matrix in the j-j co u
pling sc heme. E is the diagonalized e nergy matrix. 
W e define three orthogonal matrixes fk !l.2 and T by 
the following equat ion s : 

(la) 

(lb) 

(lc) 

Of course. th e rows of 0 1 are th e L- S coupLing e igen
vectors , the rows of O 2 are thej- j coupling eigenvectors, 
and T is the transformation matrix from the L-S 
scheme to the j - j scheme. It is not necessary to cal
c ul a te H2 and diago nalize it in order to obtain O2 • 

TABLE 1. Parameters of the configurations d9 + d8s in the various stages of the calcuLation 

Daig. 1 L.S. I Diag. 2 L.S. 2a L.S. 2b Diag.3 L. S.3 

A 6000 5063 ± 460 5063 4917 ±594 5002 ±411 5000 5002 ± 380 
A'- A 44000 44762 ± 602 44762 45039 ± 824 44YOO ± 458 44900 44899 ± 407 

B 540 596 ± 35 596 597 ± 42 605 ± 16 605 605 ± 13 
C 2700 3782 ± 309 3782 3794 ± 423 3711 ± 13B 37 10 3711 ± 106 
C 3200 2802 ± 112 2800 2815 ± 11 9 2812 ± III 2810 28 12 ± 105 
H 500 253 ± 322 270 - 120 ± 907 46 ± 415 O. 

" 30 - I ± 33 0 - 10 ± 47 o . 

'" 5300 5068 ± 176 5068 5050 ± 196 5068 ± 166 5070 5068 ± 157 
i:,; 5300 5426 ± 62 5426 5395 ± 72 5402 ± 62 5400 540 1 ± 59 

~ ± 276. ± 298 ± 281 ± 266 

.:1.. designat es the rill S error in the calculated levels. 
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Instead , we use the relation 

(2) 

The matrix T is calculated by performing diagonaliza
tion with fi c titiou s parameters in which Sci is given a 
very large value, B is given a very s mall value and all 
other parameters are eq ual to zero. In thi s case the 
diagonalized energy matrix is in the j - j scheme, so 
that the diagonalizing matrix is equal to T. It is neces 
sary to give B a nonzero value in order to remove the 
degeneracy be tween states which differ only by their 
values of 1<1. 

The co mputer program which we use for the above
mentioned calculations is described in a paper by G. 
Racah [4]. 

The r es ults of our calculations on the configurations 
Sd9 + 5d86s are given in table 2. Th e levels are 
grouped according to their j - j classification. This 
arrangement practically avoids overlapping. In 
addition to the j-j percentage composition the square 
of the largest component of the L- S eigenvector is 
also given. For d9 both couplings are equivale nt. 

T ABLE 2. Observed and calculOled levels 0/ the confi:gl.lrac ions 
5d" + 5d86s 

1.- S c(l lIp 1in :r 
Conf. j - j Coup ling Ass ignment lar~t' s l co m- Observt'd Calculatt'd O- C 

pOll e n I 

d) IOO%- ds :! 5/2 100% ' D 0.0 0 0 
d' IOO%- d l!2 3/2 100% 'D 126Y4.0 12644 0 
dijs 1)3% ( (I.~/ :! ).I SI/~ 4/2 1)6% 1;IF ) 4 ~' 29753.6 30240 - 486 

83% (df. , :!l.!.'il i ~ 7/2 58% ("F)'F 35076.7 34906 171 
(Ii'$ 1)3% ( ( r~, :!.hS l l :!. 5/2 45% (3 1))4 1-' 38822.2 3878 1 41 

85% (di /:!hsl /:!. 3/2 45% ( ID)"2 0 40345.6 40307 3Y 
d"s 76% (dl/:! d5/:!.hs l /:!. 5/2 72% (IF)4F 44425.9 44461 - 35 

8 7% (d l/:!ti,,/:!hs ,/:! 7/2 56% I"F)' F 45740.5 45524 217 
r/'tIs 639£- (d~/ :!los l l :! 1/2 87% (=I P )41-' 4Y438.Y 41)233 205 
dSs [47% (d" ,d" ,), 3/2 64% (:1 P)4P 4l)l)6lJ.4 4977Y IYO 

+ 399'( ( d:I/ :! d~> I :! ) l ls l l :! 
8 1% ( d3/ '2 d~f:!. 'hSI/2 5/2 50% ('F)'F 52059.6 51723 336 

rJ8S [57% Ida/ttl;;/:!)! 3/2 49% (a p )2 p 54133.2 54388 -254 
+ 18% (d:ll:! rI:;l::hls!l:! 

81 % (d l/:!rI"d lSII:! 1/ 2 8 1% (3 jJ ):! P 58327. 1 58523 - 196 
d~s 93% ( d:I/ ::d~/ ::)4S I / :: 9/2 96% I'G),C 57818.6 58026 - 207 

96% ( d l/ ::( I5/:!k~1 12 7/2 Y3%I 'C)'C 58584.6 58407 178 
d~s 72% ((l:bhs'l:! 3/2 50% I' D)' D 63670.Y 63837 - 166 

93% (lfi /:!hs l/:! 5/2 45% I' DI' D 64244.0 64286 - 42 
d's 79% UfidoS ,/2 1/2 84% (' SfS 87357 

For the 16 levels of dfJs the situation is as follow s: 
In the j - j scheme 15 levels have a definite assignment, 
while only 10 have an assignment in L- S scheme. 
Also , the j - j purities generally are much better. 

In table 3 we arrange the observed levels of d8s in 
L-S terms. First we give the arrangement deduced 
in reference [1]. Then in the two column s unde r 
theory, we arrange the observed levels accordin g to 
the larges t of the calculated L-S components. Com
parison with table 2 clearly shows the superiorit y of 
the j - j coupling arrangement. We can conclude that 
the theoreti cal calcu lations on the confi guration 5d86s 
jus tify the qualitative treatme nt , by showing that the 
j - j coupling scheme has more physical significance. 

The Quantitative treatment of the configuration 
5d86p. This configuration is more complicated than 
the even configurations. Hence we preferr ed the 
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TABLE 3. L-S coupling arran.gemen.t 0/ th.e levels 0/5d 86s 

Published 
Theory 

Term J analysis Level 
, ef. [I] Purit y (observed} 

% 
(,F)'F ° /2 29753.6 96 29753.6 

1/2 35076.7 58 35076.7 
5/2 38822.2 72 44425.9 
3/2 40345 .6 33 *40345.6 

I'P)' P 5/2 44425.9 45 38822 .2 
3/2 49969.4 64 49969.4 
1/2 49438.9 87 49438.9 

(,F)'F 7/2 45740.5 56 45740.5 
5/2 52059.6 50 52059.6 

I'P)'P 3/2 63670.9 49 54 133.2 
1/2 58327.1 81 58327. 1 

I'G)'G 9/2 57818.6 96 57818.6 
7/2 58584.6 93 58584.6 

('0)' 0 3/2 541 33.2 50 63670.9 
5/2 64244.0 45 64244.0 

1'5)'5 1/2 ....... 84 

*45 pe rcen t of the s late belonging to thi s level is 20 3/2. 

theore ti cal treatm e nt from the beginnin g. Starting 
values for B, C, 0', and Sd were taken from the treat
ment of d 8s. Values for F2 = F 2(dIJ), G1 = G1 (dp) , 
G3 = G3(dp) and SJl were es timated from the co nfi gura
tion 5d96p of Hg Ill. The firs t diagonalization was 
followed by three leas t-squares calculations whi ch 
we call "L.S. la," "L.S. Ib," and "L.S. l c." In these 
three calculation s the parameters B. C. 0' , Sci , whi ch 
we believed to be known rather well, were " fixed" i.e., 
forced not to change their values. In L.S. la, 40 
observed levels were fitted with the calculated levels. 
Thi s was done by grouping toge ther all the le vels with 
the same total J, and then by arrangin g them according 
to increasing value and finally b y fitting the m with the 
calculated levels accordin g to thi s arrangement. No 
attention was given to the assignmen ts of the observed 
levels. In L.S. la we did not include 3 levels . For 
J = 1/2 th e re are two le vels with values 113749.9 cm - I 

and 113764.9 cm- I . They are designated in refer
e nce [1] as 18~/2 and 19~/2' resp ec tively. We could fit 
only one of th em , and arbitrarily c hose the first on e. 
Also we did not include the two levels designated as 
33~/2 and 36~/2 which are re ported in reference [1] as 
doubtful. Th e rms error of L.S. la is ± 2592 cm- I • 

This is a ver y bad res ult , and we tried to improve it in 
L.S. lb. For this purpose three more levels were 
excluded from the calculation and so me assignment s 
were changed. However, th e rm s error was only 
reduced to ± 1723 cm- I , which is s till very bad. The 
additional levels discarde C: in L.S. Ib are 23~/2' 42~/2' 
and 43~/2' In L.S. l c we also di scarded the le vels 
5?/2 and 348/2. On the other hand it was possible to add 
th e level 43~/2' Thirty-six observed levels were in
cluded in L.S. l c whic h gave an rms error of ± 568 
cm- I . 

For furth e r improve ment of the calculation bette r 
derivatives are necessary. Thus. we performed a 
second diagonalization (Diag. 2) with the paramo 
eters of L.S. l c. The derivatives of Diag. 2 were used 
for 2 least-squares calculations: L.S. 2a, and L.S. 2b. 
In both calculation s all the 36 levels of L.S. l c were 



TABLE 4 . Param.eters of th.e various sta.ges of calculation of th.e configurat ion Sd86p 

Oiag. I 1.. .5. la L.S. Ib 1.. .5. Ie Diag.2 

A 114000 11 1236 ± 825 111 338 ± 552 112 1S5 ± 195 11 2000 
B 620 Fixe d Fixed Fixed 620 
C 3850 Fixed Fixed Fixed 3850 
a 0 ~' i xed Fixed Fixed 0 
F , 550 503 ± 105 624± 70 5 18 ± 24 520 
G, 600 637 ± 110 631 ± 74 549 ± 25 550 
G, 50 8 1± 100 11 4 ± 68 83 ± 22" 100 

'" 5500 Fixed Fi xed Fixed 5500 

". 7000 8736 ± 923 85 19 ± 626 8605 ± 205 8600 

'" - ± 2592 ± 1723 ± 568 -

Do des igna tes the rms e rror in the ca lculated levels. 

included . In L.S. 2a Q' was forced to re main ze ro (as 
it was in d8s) and the rms error reduced to ± 426 em- I. 
In L. S. 2b all th e paramete rs were allowed to c hange 
freely and we go t an rm s error of ± 381 e m- I. A third 
diagonalization (Diag. 3) was performed with the 
parameters of L.S. 2b. II was also followed by 2 
leas t-squ ares calc ula tions : L. S. 3a , a nd L. S . 3b. In 
L.S . 3a all the 36 observed le vels used in Ihe previous 
iter ati on were includ ed. We obtained a n rms e rror 
of ± 373 e m- I. In L.S. 3b we exclud ed also the leve ls 
24~/2 and 8 ? 1/2. The level 20¥/2 was replaced by the 
level 23~/2' Theoretic ally there is room for only one of 
these levels, and the seco nd one gives a muc h bett er 
fit. 

The parameters of the various stages of the calcula
tion are given in table 4. The observed le vels and the 
calculated levels of L.S. 3b are give n in table 5. 
Ob served levels enclosed in parentheses were not 
included in the calculation. In table 6 we summarize 
the situation of the proble m levels. Eleven levels 
were discarded in various stages of the calculation, 
but two of the m were r eintroduced later. Under 
the column " present situation" we designate by 
"+" two levels whic h turned out to be good ones. 
We designate by "-" six levels which are discarded 
by theory without any doubt. One of the m is also 
doubtful in reference [1]. Three levels are assigned 
as doubtful. Two of them (8° and 24°) have large 
deviations from the corresponding theore tical levels, 
while the third one (36°) was excluded mainly because 
the experimental evidence was doubtful. 

The components of the eigenvectors in the j - j 
coupling scheme were calculated by the method 
described in the previous section. In the diagonaliza
tion with fictitious parameters which calculates the 
transformation matrix T from L-S coupling to j - j 
coupling scheme we chose Sd = 100000, Sp = 100, 
B =0.1 and all other parameters were equal to zero. 
In table 5, for each level both the j-j coupling assign
me nt and the larges t L- S co mponent are given. The 
levels are grouped according to j - j assignments. 

Now we can compare the validity of the two coupling 
schemes for the configuration 5d86p. Out of 45 levels, 
39 levels have a j - j co mpone nt which is at least 50 
perce nt. Only 14 le vels have an L- S component which 
is at least 50 percent. For 41 levels the main j - j com-

L.S. 2. L.S. 2b Diag. 3 L.S. 3a L.S . 3b 

11 2 11 3 ± 197 111 786 ± 2 11 111 786 111819 ± 200 11 1703 ± 149 
539 ± 2 1 5Y7 ± 28 600 596 ± 28 587 ± 20 

3673 ± 162 322S ± 215 3225 3247 ± 203 3373 ± 146 
Fixed 68 ± 24 68 62 ± 2o 60 ± 17 

52 1± 20 5 14 ± 18 5 14 509 ± 18 509 ± 14 
563 ± 2 1 565 ± 18 565 561 ± 17 55 1± 12 
84 ± 19 88 ± 17 88 91 ± 16 99 ± 12 

5457 ± 71 5440 ± 64 5440 5430 ± 63 5497 ± 48 
8849 ± 170 8789 ± 154 8790 8815 ± 155 8744 ± 126 

± 426 ± 38 1 - ± 373 ± 257 

ponent is larger than the main L- S component, for two 
le vels the L- S co mpone nt is larger , and for two levels 
both components are equal. Thus, for this configura
tion the superiority of thej - j coupling scheme is clearly 
de mons trated. Actuall y, for most levels the L- S 
assignments are meaningless . 

In table 5 we see that several states are mixed , 
showing a tende ncy toward s interm ediate co upling. 
Mos t mixtures ar e one of the two following types: 

(a) (d;/2) J"P3/2 + (d5/2d3/z) J ;,p 1/2, 

(b) (d3/2ds/2) J clP3/2 + (d~/2) J ~PI /2 ' 

TABLE 5. Observed and ca lclIlat ed levels of th e configura ti on Sd"6p 

L- S coupling 
j - j coupl ing ass ign me nt J laq.:t" s t Obse rved Cale u- O- C 

c omp~l\'l l: n l lat e d 

9 1% (d~/'.!J-\Pl l ~ 7/2 63% (' F)' D 88788.5 89052 - 263 
94% ( d~I~)4 1'1 /:! 9/2 36% (' I')'C 91409.4 9 111 5 295 
97% ((r~'1.)t fJ l l t 3/2 26% (' I»'D 95740.0 96012 - 272 
87% (d~I1.)tl)L l t 5/2 26% (' D), F 96094.5 96 152 - 58 
69% (d'J/td5/thIJI /2 5/2 45% (' F)"D 10 1728.2 10 1645 84 
78% (d:l /t d5/1.h/JJ /t 7/2 SIJ%(:Q:)4G 102320.2 102033 287 
9.5% ( d'.~l t)4P:I{t 11 /2 95% (:I F )4(; (102993.7) 102069 
94% ((r~ '2)4P'J/2 9/2 66% ('Fi'F 104564.6 104'~91 74 
.) 7% (d~lt)4P'Jl t + 20% (da1t d,,/tl:I IJl /t 7/2 61 % I" F)' F I058IYJ .1 106088 - li t) 
.52% (d.~d4 P:'l t + 27% (d'J/ttiM1.bJ, t 5/2 44% (' F)' D 108221.2 1 08'~8 1 - 260 
.57% (rff,/t)O I'L /t + 26% (lr~/ '!}21':11 1. 1/2 26% ( ~ P)4D 104348.3 104637 - 289 
6 1% (d: ll :! d5/ t hIJ I/t 3/2 31% (3 P)4D 106263. 1 106508 - 244 
50% (d~/1.hp:'l t + 32% (d:l /t d.-./th IJ l/2 5/2 2lJ%(:tP)4 1-' 107.';54.2 107116 437 
45% ((f:i/'lhfJ ,/:! + 20% (d;\/1.d5/1.)tfJ:ll t 5/2 35% 1" 1-')' 1' 122530.3 122423 107 
57% (d :1/1)t/Jlu + 21 % (dl/,!d5 /'!hI Jalt 3/2 47 91' I' I-'I' D 128250.9 128 154 Y7 
58% (d'f,,:! lofJ:l /2 + 12% ((f:i f',t.'JofJ:l/2 3/2 30% (" I' I'D 123 179.0 122639 540 
6 7% ( d:I/ ~ d'j/2) lfJ:II ~ 5/2 42%1'1')' 0 125580 
82% (dl/ 2d-'/ ~)I/J:I/ 2 3/2 40% 131» 45 127467.6 127490 - 23 
75% (d!/ ~ d5/2 )1/J:i 1 2 1/2 48% I' I' )'S 125846.2 125930 - 84 
% %t d l/2d5/2)4P:1/2 J 1/2 95% ('(;I' H 1127467.0·?) 127104 
02% (d'I'!d5/2hl):'/2 9/2 82%(' (; )'(; 132353.0 132346 7 
85% (ri:I/'!d5/2}1 /!:1/2 7/2 74%( '(; )'(; 130978.2 13 11 45 - 167 
74% ( d:!/ 2 d~d41):ln 5/2 70% ('C)' F 128512.7 128390 122 
88% ( l:i/'!hi)3/2 7/2 48% (' I»,F 1350 14 
77% ((f:itJ'!/!3/2 5/2 28% (' D)' D 134953 .0 135392 - 430 
86% (d,1,,)''''''' 3/2 26% (' O)' P 133181 
63% (rf:1/'!hiJ:I/2 1/2 45% ('0)' 1' 137443 
76% (rf1/2)o/lI /2 ,1/2 74% ('51'1' 144606 
79% (ff:idoI'3/2 3/2 80% ('51'1' 156369 
89% ( 1/:1/2d~/ "!.)IIJI 1 2 1/2 61 % (3 P)4 P 108293 
53% (dl/2d5/:!)I/JI /2 + 23% ( d~/"!)2 '):I/'! 3/2 35% (3 P? P II 16892. 1) 11 5987 
88% (fr~/2hl':l/ :! 7/2 44% ('D)'F 11 0984.1 111042 - 58 
42% ((r~/ :!h /l:1/2 + 20% (d ,/,!d5/'!hlh /2 5/2 30% 13 F)' D 11 2879.6 113 102 - 223 
38% ((/'g,"!.h/!3/2 + 22% (d:I/2d"'2hfJI /'! 3/2 20% (3 I.1)4 P 109387.6 109071 3 16 
67% (r~tJ'!/l:J/2 1/2 34% (' 0 )' 1' 11 3749.9 113664 86 
74% (ri:1/2d5/:! )4Ih /2 9/2 68% ('(;)' 1-1 11 509 ] 
50% ( d:! /;:. d~' "!.)4 P I /t + 32% (d3/2d5 /:!h/J3 /2 7/2 42% ('G)' F 11 8324.6 11 8 125 200 
81 % ( dl/ :! d~/ "!.hl):I/ "J. 9/2 43% ('I'')'G 11 5724.2 115595 129 
60% (d l/"!.d"/2hIJ:1 /2 7/2 47% I'F)' F 116293.8 116220 73 
77% Ic/.J/t d ",;:.h/J:'/2 5/2 29% ('F)'D 11 5374.2 1154 14 - 40 
42% (r/.1/t d5/:!l:I I ):!12 + 22% ( Ir~l'!.h fJ:'/"!. 3/2 29% I' D)' I' 11 8561.7 11 8601 - 3Y 
83% (d l/:!d5/:!h/):I/:! 7/2 44% ('P)'D 121826.4 12 1838 - 11 
44% ( d'/td~/"!hl):I/2+ 3 1 % ((filth / )l /t 5/2 26% (,1')' 1" 120027.3 119922 105 
38% (d l /t.d -./2h /J:ll t + 15% ( fi/"!.l"J. IJ,/t. 3/2 27% (3 P)2 P 121943.5 122 156 - 2 13 
50% (dl/:!d'.It.h/J:!/2 + 28% (rf:i/2bJ:,/t. 1/2 55% (' F,)" D 122407.0 122333 74 
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TABLE 6. The dubious levels in the can· 
figuration 5d86p 

Assign- } Leve l Excluded Retained Present 
men I situation 

5° 1/2 98559.1 L.S. Ie -
8° 11 /2 102993.7 L. S. 3b ? 

19° 1/2 11 3764.9 L.S. la -
20° 7/2 11 5339.9 L.S. 3b -
23° 7/2 116293.8 L.S. Ib L.S. 3b + 
24° 3/2 116892.1 L.S. 3b ? 
33° 9/2 I 23508.8? L.S. l a -
34° 3/2 125767.9 L.S. Ie -
36° 11 /2 127467.0? L.S. la ? 

42° 5/2 133058 .9 L.S. Ib -
43° 5/2 134953.0 L.S. Ib L.S. Ie + 

In both types the difference between the first com
ponent and the second one is that a d5/2 is replaced by 
a d3/2 and the P 3/Z is replaced by a PI /Z . Now let us 
compare the energies: 

E (P3/Z) - E (P1 /2) = 1.5 ~p = 13100 cm - I, 
E (d5/Z)- E (d3/2)=2 .5 ~d=-13750 cm - I . 

We see that energetically both changes cancel each 
other. In the j - j scheme the diagonal elements cor-

responding to the two states represented in the mix
ture are rather close, and the nondiagonal elements 
which are of the order of magnitude of the electro
static parameters can strongly mix them. This is an 
interesting example that for configurations containing 
nonequivalent electrons (in nonclosed shells) the 
requirement that all spin-orbit interactions be much 
larger than the electrostatic interactions is not a 
sufficient condition for pure j - j coupling. A similar 
situation was found by Mrs. Z. Goldschmidt [5] for 
the configuration 4j26p in the isoelectronic spectra of 
Ce II and Pr III. 

The author is grateful to Professor G. Racah for his 
kind interest and most valuable advice. 
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