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Atomie data for the elements of the 
5d-sequenee 

A review is given of the availability of 
atanic data for the elements of the 5d
sequerre ani of the reliability of these data. 

AVAIIABILl'lY OF ~ 

~ of the data ~ were obtained in 
the thirties, ani these investigatioos were 
limit.ed to the lower stages of icnizatien, in 
whidl the gram ooofiguratioos are !)dIl""26s2 

or !)dIl"" l(is. In these ~ the lC70leSt ocki 
ooofiguratioos are !)dIl""26s6p ani !)dIl""16p. For 
higher stages of icnizatien the !)dIl 
ooofiguratien (0<n<10) will he the lower ale. 

'lbese data were very carefully cx:q>iled by 
Cllarlotte E. M:xlre in the Circ:ular of the 
NatiCX'l!ll. Slreau of st:arDards 467 (1958) rut 
sanetimes the data were of saoewhat 10./ 
quality . Initially in the 3d~ the 
situatien was the same bJt in the sixties, 
seventies aniearly eighties very many spectra 
were (re) anal ysed. 'lhis revival was made 
possible by the int.rodIrtien of large 0CIIpl1:er 
syst.em:; to calc:ulate the cx:q>lex structure of 
d"-systens. '!he differen::le between the 3d- ani 
~lement.s, hoIoever, is that in 3d-syst.em:; 
the electrostatic interactioos daninate the 
energy-level structure, while for 5cl-syst.eIIs 
the magnetic influerx::e, whidl is DDre 

diffic:ult to describe theoretically, is DDre 

~. 'Ihis effect is due to the larger 
m.x:lear charge. For this reasat there are 
OCI'ISiderably less data available for the 5d
element.s than in the 3d-sequenoe. 'lhis is 
shown in tables l ani II. 

'lbose 5d-spa:::lta that have been analysed 
thus far are the least cx:q>lex. cnly !)dIl 
coofiguratioos (start.iJ'ç to he the gram 
ooofiguratien fran the lII-spectra)with small 
n or n close to 10 were investigat.ed. 'lhis is 
shown in table IIl. 
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RELIABILl'lY OF ~ 

Reliability of data is diffic:ult to prove 
witlnJt re-analys.i.rç or re-investigating the 
spectra. 'Ibis, hoIoever, is seldan da1e. 
5anetimes there are suspicioos abwt the 
COl:[e=t:ness of an' analysis en theoretical or 
ether gI"WI'KÈ. Af ter calc:ulatioos of the 
average energy of the d 9 ani d 8s 
ooofiguratioos by EkUén doobt:.s were raised 
abwt the corre=t:ness of the ~lished 
abalysis of ~ IV in whidl the gram tenn 
belcn;rs to 5d 6s, while in the calc:ulatioos 
5d9 definitely is the IC70leSt ale. A recent 
analysis by Joshi et al. (1989) sb:7.rIs that 
EkUén's doobt:.s were justified. '!he earlier 
(faulty) ani the new (cx:q>letely revised) 
analysis of liJ IV are given in table IV. 

Af ter the analysis of Tl IIl ani R:> IV by 
Gubnann ani croaker (1973) sane revisien was 
made by us in the spec::ltum of Bi V also 
(Raassen et al. 1989). '!he changes were, in 
this case, ~ by the isoelectrooic 
tren:l fran Tl IIl to Bi V. 

A new tooI for proving the corre=t:ness will 
he parametric calc:ulatioos alaç isoelectrooic 
as well as isoicnic ~ us.i.rç the 
recently introchx::ed ex:qllete sets of operators 
(Hansen et al. 1988a ani 1988b) ani (Uylin:Js 
et al. 1989). Inclusien of the recently 
developed magnetic operators is essential for 
calc:ulatioos in 5d-&pa:::lta. A sillple exzmple 
is gi ven in table V. lt sb:7.rIs the calc:ulatien 
of the d9s ooofiguratien in the 3d- as well as 
in the 5d--seque:00e. 

-tb;t of the spectra of higher stages of 
icnizatien arrl with DDre cx:q>lex di'l gram 
ooofiguratioos in the 5d--seque:ooe are still 
UI'Ikn:Iwn • 
-Analyses da1e in the past need 
reinvestigatien. 
-ParmDetric treatment us.i.rç a cx:q>lete set of 
qlerIltors is helpful to firrl errors in fonner 
analyses arrl to analyse UI'Ikn:Iwn spectra. 



Table 1 Percentage of levels kncwn in lowest even oaûiguratioos. 

Ti V cr MIl Fe Co Ni CU zn Ga Ge 

I >90 >75 >75 >75 >90 >90 100 

II 100 >90 >90 >90 100 >90 >90 100 

III 100 100 >90 >75 >90 100 100 100 100 

IV 100 100 100 >90 100 >90 100 100 >90 100 

V 100 100 100 100 100 >90 100 100 >90 100 

VI 100 100 100 100 100 >90 100 100 >90 

VII 100 100 100 >90 100 100 100 

VIII >90 100 100 

Table II Percentage of levels kncwn in lowest even oaûiguratioos. 

Hf Ta W Re Os Ir pt Au 

I >90 >90 >90 >90 >90 >90 100 

II >90 >90 >90 >90 >75 >90 >90 100 

III >90 >90* >90 

IV 100 100 100 

V 100 100 

VI 100 

VII 100 

VIII 100 

* = pJblication in preparation 

Table III N\mtler of oaûiguratioos i.nvestigated. 
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Table IV 

1Ç IV (old) 1Ç IV (new) 
Ccnfig. Desig. J Level Ccnfig. J Level 

5d8(JF)6s 6s 4F 4~ 0 5d9 5/2 0 
3~ 7557 3/2 15685 
2~ 12084 
1~ 15438 5d86s 9/2 60137 

7/2 66108 
5d9 5d920 2~ 2192 5/2 69941 

1~ 10376 3/2 71761 
5/2 77674 

5d7 6s2 6s2 4F 4~ 5653 7/2 78852 
3~ 7897 1/2 82389 
2~ 9476 3/2 83914 
1~ 10592 5/2 86029 

3/2 88899 
5d8(3p)6s 6s'4p 2~ 21011 9/2 92352 

1~ 23270 7/2 93179 
O~ 24564 1/2 93405 

3/2 100153 
5d7 6s2 6s2 4p 2~ 24054 5/2 100911 

1~ 25001 1/2 
O~ 25802 
4~ 42131 5d86p 7/2 130813 

2~,3~ 44599 9/2 133616 
3~ 53342 3/2 138710 
3~ 55664 5/2 139262 
2~ 57122 5/2 146768 
3~ 57270 7/2 147286 
3~ 59490 1/2 

11/2 150231 
5d8(3F)6p 6p 4~ 4~ 70567 3/2 152092 

3~ 75655 9/2 152492 
2~ 79688 7/2 153354 
1~ 82884 5/2 154125 

1/2 154238 
5d8(3F)6p 6p 4c<> 5~ 74419 5/2 155956 

4~ 81039 3/2 156773 
3~ 87825 7/2 159698 
2~ 92237 5/2 160553 
3~ 74702 9/2 161406 
3~ 75388 1/2 162542 
2~ 75772 7/2 164146 
3~ 77045 3/2 165069 
3~ 78556 5/2 165172 
3~ 79919 9/2 165900 

7/2 167726 
5d8(3F)6p 6p 400 3~ 85056 3/2 168415 

2~ 88216 5/2 169343 
1~ 89513 3/2 172765 
O~ 90327 5/2 173046 
2~ 85091 7/2 173307 
3~ 86380 1/2 173589 

1~,2~ 87185 3/2 173841 
2~ 91752 1/2 177882 

1~,2~ 101826 5/2 178025 
2~ 102255 3/2 178149 
2~ 102353 11/2 178694 

1~,2~ 106210 5/2 179890 
2~ 106385 3/2 180159 
1~ 106748 7/2 183308 

1~,2~ 108798 9/2 184942 
2~ 113648 3/2 186779 
2~ 114508 5/2 188791 

7/2 188868 
1/2 191225 
1/2 
3/2 
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Table v Elcperimental arrl calculated values in a 3d94s arrl 5d96s oonf. 

·3d94s (Ge V) 5d96s (Ib V) 

J Exp. Calc. Exp. 
3 234231 234234 -3 110768 
2 235971 235966 5 114705 
1 238767 238767 0 132711 
2 241947 241948 -1 135997 

Eav 237275 
~ 2127 
Zeta 1813 
Amso 0 
.\ss 0 
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