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App~- sa., 6a, 6p cm4 ,, rad1al waw tlmctions, whieb 

· are ... cesbai'U for arr:r investipts.oa ot the effect of ~tllon 
. ' 

· 1&itemot1on in ~· -~·spectra, bave b®n ebta.iae4 for Pr+3 .~ 
\'m+3 •. ~ ~ulat1o.na wre·baoe4 01'1 ·the~ state ~unctions 

. . 

Ob~ by·~ in a ecr ~u1ati w1tb0ut exehaD£P. < r2 ·~ 
< r:4 ~. ak (4tt.t, 4f6p) 6124 ,(1 (~. •fSt') 111~ haw been . . . ,., : -· 

· * · fbis von wu 40m . uader the awip1ces of the Vtd.~d · $tates . 
., Atcmd.c BftBZ'Q' C01II!Dlssioll. · 

. ~ 
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· ~is of ·tim optical speet:m of rar<! earth ions have so ·tar been baood 

. Oil the aeetm«)uOn that the .olectn>u~ coufisura,t1ou· are P~o In order to 1n-
,;;.II~ 

. vestlgate the eft'oct of e-OntiguratioR tntemction, e1genf\mctions of excited 

r.-; stateS·~ :required. 'l'be present work ftS tmdertwten to obtain. the 54, 6s, 6p 

and .5f tuaetlons fo~ Pr-1·3 and 'J.\n+3, these two tons be1na chosen. because of the . 

·. · aftila'bility o£ ~und state e1genf\lnctioZ&S from R1dl$y's. SCli' calcuJ.at1ons.1 

Siaoe :1t was neeessaey to CmllgUte the effect ot promoting one of the 4f 

electrons of JT+3 to an excited orbital, the CO~iOD or one .of tbe 4f · 

ele~ns ·was removed from the effective potential. tabl.tl.ated b;y J!1id.l.ey o ~ · 

re.sulttna potential was ~rested as tha-t of a oore 1n whose field the excited 
. . 

. . . . . ' . . 

S81® central fteld. '!be inner 4:t &n4 outer 5d, 6s, e1'.c. ele~ns a.ctu.al.ly 

do see different . ftel4s, but the p:re~t functions a.:re a $004 ~t approld.l:ari\­

tion. They .Bi'e certainlY better tbar1 the presently avs1labl.e ~8muc 

. . . 
In addition· to the wave tuncticms·, tidley's results incl.Wie a ta.bu.l.a:tion 

of a tota:L effect1va ebarge \(r) for the ion and a contribution to z_ from each 

SheU ot: e:ieatrons. . ZP {r )/r ie. the toteJ. potentitU. at arr:1 Point due ·to ·the 

: nucl.eus alld the. average charge cU.etr1but1on. o£ tl1e electrrons. For a sin(.;l.e 

electron 1A a st.o.te of rad1aJ. .ail4 .ansuJ.ar ~tum quantum numbere n ami J 

tile ~ - funet1on is -tod by P(o.«sr) VbeN £~ pl!(o.«;r) 41' ~ 1 • 

. The effective_ Charge ~ to one electron and ·one nuclear cbarge, ~(n_"' .e '~r), 

i.e. the QO.Dtri'but1on to the tote.l \ from a. sintJJ.e electron can be obts:tned 

~a um;rentie.l equat1oa stwn bY lt1dl.ey.2 . 

•. 
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Z(nt;r) is tab\1lated by Ridley and ~ mtesml a east)¥ evaluated numed.cnlly 

· trom her tabUlate-d P(IJJ)t ). 

· l'ol" tbe· pre$flllt cal.culaticm the potontial vas uB\1tl84 to be the .88ilJ3 for 

· .a3J. the states of interest, i.e. Sq. (1) beeollles 

where Dl e .V# ;d; ·6o, 6g, St. Etaue.t'iou (2) was solved OD the 'IBM 1Q90 for beth . .. ... , 
Pr +3 ast\'1 '& +3. fbe re$\lltiq aft tunotioas .are ··~ 1n ftp. 1 an4 2 and tabu­

late4 in .tables 1 ·aoA 11. S&aoe <Z~; <. r4> ~sad the r illte~ ciefined. by 

0~ and Sbonier4 . 

P2(nt;Jj_) P(n.SJr
2

) P(n' 1,'; r
2

) ttr
1 

ar
2 .... 

·$ft ·ot laterost 1n· Cl7Stal t1e14 .end· c~ticJn int<m.\ctton ca1eulat1oils theile 

S.U~ an tabulat-ed in Wabl.e ni ~ Vitb the one eieewon energies. 

·mscrussiOB 

Dteke et al5 have. de~rrrd.med ezperimimt&J.l¥ tbe ceiltera et V'ario~ exd. ted 

~t1oao oi abubly aliA 'trtpJ.u 1oD1r.e4 rare. earths. 9:bev touna that: tor 

the d.ottbJ.y tcmii!IB4 atoms $plot o~ the ·center cit tbs ~tton, ~l$tive tt. 

the ~logs ·tatten as. ;~, w. ator.Dlo number yiel4e e. stfti&ht ltne. AlthouGh 

. ~~· po:tnts Bm· av611Blte · o.nls' tor C'e + 3 at1d 'ib +3 the7 also draY atJ!aight 

Unes on a stmil.tw plot for the trlplq ionized atoms. In Pig. 3 the caleulsted 

011$ electJ-oa_~~r~.s (relative to. 6s) .~ere plotted e.l.oDe Wi~ ~ expe~utal 

ce~$ of Q()~t1oD8 mm fil· 5 o.f Di.eke et al. t'he results are ~rkabl:;y 

good vhell oae cons.iden 1ihe appl'Qldmat:Lons made. $1nee Oll1t the first ionization 

ener'Q' is' &vaU.Bble. tor Pr ·tt la impossible to ~re absol.ate ener$ies, bu.t 1t 



is Pl"'bab.le that in t..ak.iog energy differences l7tt.Ul\1 ot the enors have oan~Ued 

)liel.d.:i.Dg a ~bJ.¥; eood tit to the experimental spectrum. 

,.,. 4f e~e.a dt~er sligbt~ from those of RiGJ.ey.. 'lbie 1a probably due 

tO a ~ dif'terenee in the potenti~ ··used or the method of machine oolution 

of the ~r -equation. However, the 4f functions c111tfer only slightly' from 

tbose of rt14ley and the Jtrt4t.4f). integrals agree ~ry weu. (~ Table m. ') 

. Whe < r~ im<i' < r 4> 1n~ are 1'lO't veey sens1t1'\~ to the grid siee .used 

1n the n~rtCal. a~t1on. but tl:da ts aot true tor t.oo Jl- 1ntegmls.. A pld . ' . . . . . 

' s1~ "" .• ()05 1e nece~~ to obtain intesnUs wbiell. c1Q not ·cbal2Se a.ppreci&bly 

wi:tb. e. cbEmf&R. 1n £¢1d size. It 1:a f•l.t that a .further re&tctiOn of gi:-id size would 
. . . . .. -4 

~ the val.u.es given by lees thEm ! 2 x 10 a .a·. 

Won~&6 bae ~- t\met1ons obta.ine~ 1n this manner to calculate Slater 

integnJ.s ccmnectina .. 4r and 542 oont1prations ot 'h +3 0 l'hese haw led ·:to 

$11 appreciable 1.Jqprovement iA ·the · ageemelit between ~ Calou.latea and observed 

Spectra •. 

s1aee no otbe~ e~rilaental date are avaUable for co~son it ie ditf:l.eult 

··to eertabllsh _af13' :f'u.rther entena. tor the accut"acy ot these fullctions. They are. 

<:e~ ·a mueh better &WrOX1matioD tbtm ~genic functiOJlfJ, ·howGlver, end 

.the7 sboulii .prove usetul. in the ~~s -~ ra~ eanh sp&eti-a. Sueb a aimple . . 

·- . . . 
ato'ma whGre SCf oaJ.culatiODS are available for· the groun4 contisuration. 

I Wish to tl1ar.llt f)r. ~- R. Ju&l and Dr~ L s. Pitzer tor seVeral_ he~pful. 

41scusetoae ,and Dr. jS. M. Martensen to-r assistanc-e v1tb computer pro~. 

· ·'l'lU.S work was doric Under the auspices. og the United States Atomtc Eners;Y 
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FIGURE CAl"J.'%0DS · 

~·· ~ ~. tforma.ltze-4 ratial es.SentUnctions; P(r}, lbr Prii-3. 

·~ a~ lformal.i~. ra41al. oigODtwlctions, P(It) 11 . tor -~ +3. 

h.pre 3· ~to.i center$ of conft~ttons of t~ 1QD1eed 

~· eartn 1ons ·ft'ona.Dtette et a15 and calculated cme el:eatron 
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.24 .6748 -.0021 .... oaso ··0499 ··0924 
.as ·7148 .... o~' ... ~ . .;.oa9(). ~.om 

.a6 ·1''' ··0582 ... o4~ .... ooae ··1029 
·27 ·190S -·o854 ... 02()2 ... om ... 1078 

.28 .8256 -.Ul7 .oo,s .o,)O •• ue; 
·29 .8;90 ··1~9 ·02'78 ·05)2 .... u68 
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·(&tomtc UDJ.ta) 

• 

;:50 .8906 ··16o9 ·OS1J .crrea .... 1210 

·31 
~ ·920' ··1634 .0740 ·091, •.• 1246 

...... _ 

·~. .9WSQ •• ao4' .09;7 .1087 .... J.284 .,, .91}8 . ... aa!J6 .U6o .1.248 ··U16 
.,4 ·9977 •·241, .~ •U95 ... 1)46 

·'5 1.020 •• a~na -1519 ·1S2'1 ··1~ 

·" 1~140 ··2713 .1672 ;1644 ··U96 
•

0'? i.S,a ··2857 ·1.807 :.1745 ···141.8 
~)8 1.074 ··294' ·192, ·:; . • 18:5() -.14;,6 

·59 1.089 ··30~ .aoao ·1898 •• 1452 

·~ lt102 .,..;no4 •2Q97_ ·1952 ... ].466 
: 

.. ~ .41. lj~' •• ,lAo .21$,- ·1990 .... 1417 .. .lla· 1•123 .... 320Q ·2195 .aou i\ ... ... 1486 ~ ... , 1·132 •• ,;!25 .mr .2022 .... 1492 
.44 1.,.138 ··5234 .eaQt .2017 .... 1496 
.45 

·~ 
1.144 ..... ,1 •2209. .2000 ··1499 

.lt6 1.149 ··321' .2181 ·1970 ··1499 

.-47 - '1•1'2 .... ,18) ·2139 .1~ ··1498 

.~ 1.154 ... ,141 .2082 .• 1876 ... 1495 

.49 l.l,ci ··1088 .201J .181' '··1490 
·~ 1·156 ... ms ·19)2 ·1742 •• 148Z. -
·52 1.154 -~· .1717 elS7' .;..1468 .,.. 1.149 ..;.2678 ·1S01 ·1'17 h1446 

·56 1.141 ··2459 .1247 ·US7 -.1420 
.sa '1.131 ··2215 ''*'' ·0920 -·~90 .I ,' ,,. ')-
.6o 1·U9 ··1951 .o668 ·o070 ... usc 
.62 l.D~$ ..... 1670 .o~· .o4u ··1.520 
.64 1·090 ··1376 •0047 .0147 ... 1281 

.# 

.66 .... ()266 1•074 ili··l072 .. ,.0119 ... 12}9-
,;:oa 1·057 ... ()761 -.osn ... o,a~+ .... lJ$6 
·10 1·0'9 ··~o,o44; .... oaeo .... ()644 ... uso 
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·:~'12 1··021 ··0127 ··111S --0899 -·· .... uo, 
•74 1·002 .0192 •• 1457 ... 1146 ··1055 
;.76··' ·9829 ~.~ 

~~·. ,' .... 1126- . ... l,J84 ··1005 
·18 .94);J4 .Q8a6 ··1919 -.1.611 ... _095) 
.eo .~)i .U3S) •• aaas ··1826 ··090' .sa ·92J8 -~ .. 24,, ··2028 -·~51 
.J!\·.:: .,. 

j. .• 84 ·9010 cl7q8 .. 26,, ....aal.S ··0798 
.86 .8841 .201+) .... aa~4 ... ~ ··0744 
.88 .8644 .2,)1 ··291,. .... as;, ··0090 
·90 # .&tM7 .a~u ··'119 -·270) ..... 06;,!) 

r., I 

·92 .ease .2884 •• ,242 ... aa" ... -o;eO 
~.-94 .8059 .,1~7 ... ,)47 ··2954 ... o;e; ... 

·< 
~96 •7868 ·5402 ··~32 ··J059 .... 046$) 

' -~98· ·7679 .~ 
-···" <• .,,;oo .... ,lSO .... 041.) 

1·00· ·749, .,as, •. ,,49 ··:5227 ··03$7 
l•l.o .66o7 w49Ja ~.,,,, •• ,..17 ... 007~ . 
1~20 .,ao4 ·$756 ··3W ... ,)24 • oaoe 

r,. 
•5089. .6~ ..2()20 l.i, ... 50()4 .049() 

1.~ .~,1 .osaa ... 18,, .... a;l.6 .ono 
1·50 .m, ·7128 -·~· ··1908 .l.048 
1.60 -~19 ·1~, .... Q076 ·-1224 .t,a5 
1.70 ·2996 ·7:581 .o840 ... 0497 .l6oo 
1.80 .2628 ·7)7, .1m .0246 .1872 
1.9() .2}06 ··1298 ·2~7 ·0983 .2140 
a.oo .202; ·7168 .,,}9 ...... 1696 ·2404 
2~10 ·1179 .6994 .40, .. '.2J75 .266) 
2.20 .1564 .6781 .4QS .me .2915 
2.5() ·U15 .6!)$2 ·5176 .,590 .,159 
2.40 .1210 ·6a98 ·5620 .4U7 .,)94 
2.$0 .1064 ·60a9 -~ .4584 ·~9 
2.6o ·09" ·J7;o ; .. ~ .495}) .;$8)2 . , . ) . ~ '"· ..... ~1 .• 

2.70 .o82~, .~ . '.6476 .;,a.2 .~)2 
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. . a.ao '!0725 ·5179 • 6611 .,o~ -~219 
2.9() .o637 .4894 ·.~; ·5861 '!4)92 

~ .,,.co·. * ~0560 l!b611 ,.6717 ~6o48 .4S49 
' 

'~lo .049' ;w ... "' 
~ .. ,,, ~6689 .. 618o ·4691 

JtaG .,o43J .~, ~6616 ~6264 .4818' 
,.Jc) t0)80 ·3800 .6~ ,6505 ·4928 ,.lg)- .o,~~ 

> I 
.,,..1 ~6)6} ~6)01 .5()2, 

'·50 ~029, .,)04 ~6192 .6274 .s102 
/ 

·'~60 ,0257 ·!5072 -60o0 .62Q9 .5165 
, .. 70 ~~;0226 t~a851 ·5789 .6117 .sa' ,.eo ~0198 .2041 ·'"' .6000 .S2Jt6 

'·90 ~OlT' .ala-43 ·SJJ1 ~S86J .~. 

a.~.oo .• o~--- .2156 •509.0 -5706 .~ 

4.2.5 
. '/:. .1.8" ~P'' ·•:. .01()9'' •.. 4~TI 

•, 4.so .. ocrrs ·' .1~ ·.58'75· t4767 ·511$ 
a.;~, .. ooss •. 1181 ~J308 t4ai4 ... 9\2 
s.oo '100'9 .()944 ·2190 .,,746 .4721l 

!h25 .,0028 .0747 .em .)209 .4470 
;.so .ooao .0587 .1926 .a612 .4191 

; •. 75 ,0014 .o459 .1580 t2~ .,S97 
6.00 .oo10 •OlJS7 .1a86 •20'5 .,,97 
6~a' ·0007 ·0277 .1.0110 ·1712 ·!5291 
6.50 ~ooos .oau .oaJ6 .l4J1 .. JQO} 

6 •. 75 ·" 
.ooo,, .o~ .o668 .n89 ·..2719 

7·00 .. oooa .o126 .. om~ .og&a .2448 

7-25 .0002 .()096 --~··· ·o801 .21~~ . ' ' 
- "'·. 

1·50 .0001 .0073 .0,,1 .Q66t> ·19SS 

" 7·75 .CJO()lj.::-. .ooss .026o .o;58 .1736 
' 

8.00 ~ .0042 .020; ·04'7 .:ts.54 
8.25 • ... .oo~ -.olSS .o,,, .US1 
8.50 ' .. ~ ~ )~ ... ·UBs - ,. .. ' .. "" ... 

s:r5 ..... .0018 .()095 -~ .1o,i-0&, ' 



.. ].6 .. 

\ 4t 54 6e 6p. st r 

(atcmic wuts) 

9·0Q .... 
;.1 .. , . .oo1' ·0074 .• 016) ·090} 

5).2; .... ~0010 .0057 .Ol:JJ6 .. 0784 
~ ' \ ~ 

.. -9··~ , .. ~0007 .()())M .oll.6 .0679 
9-·.75. ... .. 0006 .oo,,. ·0092 ·~· ,- ~ . 

10.-00 
--

.0004 • 0026 ·007' .o~5 

lO.,a; .... .ooo, .0019 .oosa .o4'4 
10·50 .... .oooa • 001' .oo46 .o;n . 
1~:~7S 

. ' . 
•• .oooa .oou ~0036 ~0Jl7 .·r .... -W•'··: ·, ,;,A 

.Ooaa u.oo· .... .0001 .oooa ' ·0270 l 

li.25. .... .0001 ,00()6 ,0022 .oo;o 
·U•SO ..... .0001 ·0005 .0017 .01~ 

11!1'5 ..... .oooo .0004 •OcJ13 .ol-64 
12.00 ..... •• .... .. ooo, .QOlO . ~oue ' . 
12•25 .oooa • 0008. -

-~ ~ ...... 

~·50 ... .... .oooa .0006 .oo9Q 
1.2.75 ~- .... .ooo1 .ooo, ·0079 
13~00 ,.~ '· ...... .0001 .o0o4 .006$ 
.l,5.g~ .... ... .0001 .ooo, ·0052 

'1> . 

u.so ~- ..... .oooo ,oooa .0041 
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~LE In. ONE ELECTRON ·EmmGIES AW RADD\L .~ FOR EXC!1'E:D ORBI'.MLS OF Pr +3 Aim ~ +3 

(~~ ami integta!s 1n atomic .tmtts) 

~+3 

. BiielrGY <J:-~ 
ff(4t4t~~) 

<r~ . k--2 tt:=4 k-.6 

z..jl· -1.1.59 

4:f· . ·~J-.174. 

.253 .181. . ~1.452 
. ' •. 

. i 

.a55 ~JBq ... ]..·1&83 

.. ..• - .. 573 . -35e 

.576 .. 36o· . 
5a. .:. ~.9922 ~~*OS 70.2 - ... - ,.J..OlSG -, 5.27 ·tt6 .. 3 •· ... 

·251 

.• 25.9 

6s . - .• 8637 1~ .. 2 · 'f!i9·.~·-. ... ·- .... - --~- •9631 lL-5 i84;. - ... 
··~ 

6p .,. -·1352 17 •. 6 ~. • ••0258 •.• 01~ ... .- .~ '1~.4 . ~~· ~- -•Ol.4o ...... OQ61 -.. 
5t ..... qags- ;23.8 .. 8]1,., 393® ·•0592 .... ())92 -, .. 0024, •.• 5001 2.2 ... 2. 1~·-- ' ... ~ .... 0547 -.0362 -.0263 

a ·m_,._~.., .,_ ,.,..,. . ..,. .;t,.oz,.:.o.;,.....,. · .,p, fl;cAlcv ]. 
·~~~ .;&U ~ S'Ol1 ~- .~ o~ ~· . 

I ..... 
-.J 
I 
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A Dieke et al. 
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