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 Approxtmste 58, 65, 6p and 58 redal vavé fnotions, vhich

' are necessary for any imatm%on of tm effact of configuration
~mmwmn1nmmmamem heve beon obtained for pr*3 and

"'3. The m}.cmmns were based on the mmﬂ state m@mfuncmcm

' obtained by Ridley in on GCF caloulstion withowt exchange. < 1° >,
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m@ work was done under

.3

<r >, a (ugue, beop) and & (Msf. MSﬂ‘) integrals have been

| the auspices of the United Btates
 Atomtc Brergy Commission. e
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- availability of mund -etate ei@nﬁmetiens from Ridley's SCF c’alculatiom;

wle

' mws:la of the optical epectra of rare mrth ione have @o far been based

.on the assumption that m.a;ectNMQ eonﬁgurahmnam pure. In ovder to mQ
vestignte the effect of configuration interaction, eigenfunctions of exeited
 ptates are requived. The present vork was undertaken to obtain the 54, Gs, Gp
. and 5¢ functions for Pr'S and '3, these o sons being chosen because of the -

i

| Since it wae necessary to compute the effoct of promoting one of the ke

électrons of Pr'> to an excited orbital, the contribution of one of the E -

electrons was removed from the effective potential tabulated by Rﬂi&lﬂy. The
rosulting potential was treated as that of & core in whose field the excited
¢lectron moves, i.e. the Uf and excited elactron wemﬁfsssmﬁ to wmove 1in the

same m:éal fleld. m inner ue and outer 54, 68, ste. electrons actually

. do see diﬁ‘emat £ields, but the pmeen’e ﬂmtiona are a @bd. first approxima-

tiw. ‘i’imy a¥e cer%inly better than the presently available hydrogenic
functions. '
| _ CALCULATIONS
In addition to the wave functions, Ridley's results inolude a tabulation
of a total affective ¢harge Zp(;') for the ian and a eonmﬁwtion to 2 Txom each
shell of electrons. !P(r)/r‘ V.'w}_ the tctaa_ potential at any pbixzt due to the

" pucleus mﬁ the average charge diétriﬁution of the elaem'ons. For & single

elect:ronmasm%ofm&&MWmmqmmmmnmﬂ
the radial wave function is éemt*&-d by P(nﬂ,r) whoere J P(nﬁ,r)drala

,The ei’fec’hﬂma charge due to one electron and one nuélear charga, Zp(n 2°;7),

i.e. the ecnﬁribution to the tml ?b ‘from & single electron can be cbtained
f‘ram a Mffarential egzmticn given by Riﬂl.ey.



Znd;r) is ‘tabulated vy Ri&ley am the meegml 15 easily evaluated numrically
' from ber tabulated P(nt;i‘)
: Far%heymaaut calculatiunmpotmﬁalm asgunmed to be the same for
-all the states of interest, i.e. Bqg. (1) becomes

2

g .{-&2+§[101+ E, (nz)zp(nzw)-zp(hfsr)]*ﬂ M P(nésx) = 0 (2)

& n’

" where nf = ke, ‘jé., -6g, 6p, 5€. Equation (g) was golved on the IBM for both

2r*3 ang '3, e regulting wave furiotions are shovn in Pigs. 1 and 2 and tabu-
lated i Tebles I and 11, smee@% <r>m&mﬁkmwmlaaﬁmﬁby
commmsaom '

Bot, 05, i 0's) = [ [ 225 PPlasiy) patiry) Pa'8'; 1) ar, ar,
o 0 Wrb‘ * o

e of mwmst in cm‘t«al ﬁelﬂ and. cﬁnﬁ@xmﬁian interaction ealculatiom thege

intesm).s are tabalaﬁeﬁ in Table IXX a)sw with the ane elactron emrgms.
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PISCUSSION
. Dieke ot a1’ have determined experimentally the centers of various excited
conﬁgumﬁene of Aoubly sud triply ioniged rave eax'cha. " Thoy found that for

" the doubly ionized atons & plot of the cemter of the configuration, velative to

the M" 1’65 taken 68 262‘0. wvg. atomic numbey ﬁelﬁs a straight line., Although
| exmrmenm posats ave availale only for Co™3 ana na*3 they algo dray stralght
lines on & similer plot for th:e tiply 1@1&1%& aﬁmas In Pig. 3 the calculaﬁeﬁ.
one eleotron emerglos (relative to 6s) are plotted along with the eme:dmnm
centers of configurations from m. 5 of Dicke et al. The results are remariably
@o0d when one considers the approximations made. Sinee only the £irst ammm
energy is dévailable for Pr it is impossible to compare absolute energies, but it
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19 probable that in ﬁakmg emarw dii‘ferences many af the errors have cencelied
y&elﬂing a reasonably @oﬁ fit to the experimental sgactm

The bf emrgiee d.iffcer slightly from those of Ridley. Thie 48 pmbably due
‘bo a slight &iﬁ?emce in the potentials used oxr the mthnﬁ of mchine solution

. of the Schrodinger equmt:ion. Hx:wver, the hf ﬁm&:ﬁ.ons éiffer :mly slightly from

_ ‘tmme of Ridiey and the Fk(hf,uf) integrals agree very well. (Bee Table 111.)
The <r%m<rk>mt«egralaam not very sensitive to the @-m sive usad
in the pmprical integrotion bub this 16 mot true for the K° integrals. A grid
sige ~<ws ;la necessary to obtain intaegrale which do not change apprecisbly
. with a change in grid pige. I¢ dp felt that o further reduction of grid size would

change the values given by less than + 2 x m-vh A

‘ Hong6 baeo used functions obtained in this manner to ‘caleula‘tae 'S:Later

lntegrale connscting 4¢” ana 5% configurations of Pr'3, Thess have lea to

Can mmc&able mmvemnt in the- amement between the caloulabed and obsarved
Bince no other experimental data are svailable for comparison it ie ALEFicult

to ;eBtabliah any further eriteria for thea.ccmcy of these functions. They are
cermimy a much better approximation than hgﬁm@nic mnctﬁons, hwwvér, and
they should prove uaes:‘ul in the anagxais of rare. aamh spéctyra. Such & aimple
spproximtion %o excited state eigenfunctions may slso be useful in other beavy
atons éh‘am SCF calculaticns are availoble for the gmuna configuration.

I wish to thauk Br. B. R. Juid end Dr. K. S. Pitzer for several helpful
éiscussions md Pr. B. U, mMsen for assistance vith computer prograzaing.
'rhis vork was d@n@ unﬁer the a.uapices of the United Staws Atozic Emr@
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FIORIRE CANTIONS
E"Wm radiel eigenfunctions, ¥r), for Pr'3,
Normalized radial cigonfunctions, P{r), for Mo,

Exporimented centers of configurations of triply iomized
reve earth lons from Dieke et a1’ and caleulated one eleotyzon
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Teble 1. Radial Weve Functions, P(r), for pr*’
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Table IX. Rediel Wave Punctions, P(r), for "2
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TABLE 1T, OKE ELECTRON ENERGIES AHD RADIAL INZRGRALS FOR EXCITED ORBYTALS OF Pr'3 A '3
(mexgﬁga o integrals in atomic units)

‘ +3 St e s +35 S ———— i -
LA #‘(aﬂsf,hm) o Ba ™ : © BB(heke, hens)
N Emr@ «% @i‘b <r6> k=2 k.uh 1@6 . Eamw <::3> «’% @6> k=2 kb k=6

W a5 - ;'-' - lses .253 -.161__' Cedse - . - 513 .38 257
W ALAT L 5.7 30k B 255 .sisé L83 W7 L0 G2 .5T6 360 259
M- B2 &S T2 - - - - A0 ser 163 - e e e
66 - JBE3T 1.2 229 - - - - = .9631 s 8k - - - .
6p - .32 176 429, - -.0258 -.@i?‘e “ . s.w e’ 289, e -.0140 0067 -
5¢ - 4898 23.8 83L 39300 0592 ~40392 o022, swz 22.2 731..33@0 « 0547 ~,0362 -.0263

-L'[._

® Entrics in this vou ave those of Ridley.
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Relative one - electron energies (cm™'x1073)

80r— .——-0"""'——_-_-_—- ’ -
60} AG -
40F & P
201 —e *— 6P _
O A—e —e AGs -
-201 o —— —o—4 5d 7
y - -

e Calculated
ADieke et al.

i | 1 L 1 1 1

1 1 1 i 1

Ce Pr Nd PmSmEuUGd Tb Dy Ho Er Tm Yb

MU.26544






