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Ab s t r a c t:

The photoabsorption of atomic Ce has been determined in t

energy ränge f rom 100 eV to 150 eV. Except for very small

deviations, the 4d-spectra of atomic and metallic Ce are

identical. The resonances near the 4d-threshold are ascribed

to 4d bf -4d 4/ trans itions.
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7h<- ~p'"vtoeJL'3üri:i-i'j'; of utwr.-j 'Jt; ka-i byc-r. äfi-f-n^i^cd "-". i'.e'

wicrgy iw.g* fron: nJO eV to ? .>. < &V. '-.i-c^t. for> &-.sy zmail

ä?&i<j.tio>iü, l>''.f. 4ä-spt>i.'tipn of atonric and wctallii' Ce o.re

'i- dtK^i r'.'-c'^t i - j '*< -~~ p&i: oYi&Pi'-t's "^tj^i1 r^i'"^ 4; i~ t-'!¥*&•?'!'.) t ci ^j'^' 'j.^-^t • •£ -. 'j.

The s o f t x-ray spec t ra o f " the rare-earth m e t a l s shnw a d i sc re t e l i ne s t r m - L u r e

at Lhe id -Lhreshold fo l lowed by a giant rescnance > 10 - 20 eV abovc ' . 1 " ' Forai-

chev i't a l . • sugges ted t hat the sharp l ine s a L tlie uns et üre due t o ionic.

t r ans i t iun . s ut the type ^ d ' - ' i f ' 1 • / 4 dv i £L1 . Ca lcu la t ions H ~ " of i he id ' -^t" ^

4d'- l4i ' t r ans i t ions fo r f r e e r; jr^-earth i o n s , f rom wh ich the outer 5d and 6s

e l e c t r o n s h;ive been reraoved, support Lhis H U K ^ ^ Ü L i un, These i-a! culat ion.-s were

able to account for the d i s i - r e t e l i n e s at t l i reshold and Tür the prominent rcaxi-

mum abovi-, The interat- . t icn b t> twt>en the 4f c - U ' c t r o n s and t i iu 4d vai:;i:n:y . s p i i t s

tlie id'^E'1 c ü i i f i g u r a t t o n and r:ii.-;es .some l e v e l s by ' 2 0 eV. A u t o i o n i z a t iun

of the high levels, wiii.:h [-uraprise m ü s t of the O s z i l l a t o r s t r c n g t l i , g ivcs ri.-;e

tu thi- g i a n t , i ippn. 'Ki- :atelv 10 oV wide re.sonance .

In ordi'.r L o ti?s t the validi ty 01 Lhis in terpret a t ion we invest igated the

4d-absorp t ion u L atomic. Ce hy Tncans of synchrutron radi ation. Atomic Ce was

uia i n t a ine d ins i de a neu resis tauce he. -J ted tubular furnace mounted in f ront

of a 2m gr .- izing ine i denc.e Rowl and type spectrograph. Tbc temp^raturc 'K ranged

f r o m iyoO° C to 2^00° C. The lengi.h u T t n c vapour column was "-60 t:ci. 140 S

thick carb i>n l i IT.S se.parated the vapour r e g i t m f r o m the high vacuum of the

beam pipe and the spect rograph. A Ut1 b u f f e r gas prevented the Cc atoms from

re ach i iig t'ae Windows . Thn spcctra were recurded on photographic plates. The

spectrograph was ca l ibra ted by me;m.s of the known l ines of a t u m i c rare, gasi^s

The energy r e s o l u t i o n at tho 4d-threshold was b t - t t e r than 0.09 eV.

The 4 d - s p e c L r \ i m of ; i t t i m i c Ce in the energy ränge f rom 100 eV to 150 eV is

shown in Fig. 1. Because of tlie u n c c r t a i n t i e s invci lved in the de t ermin.it i [in

of the v.'ipoiir pres^ure and the lack of da t a tm t he concentratlon of ^lolecules

present in the vapour or.ly the re la t ive spectral dependeni.-^ is presented, The

s p e c L r u m is d u n i n a t e d by the s t rong • - 1 5 eV wide r.aximum pe.-iking al 124 eV.

For comparison Lhü s p e c t r u m of m e t a l l i c Ce-' > ; i - c is included in Fig. 1. There

is an exci^llent agreernent between t In; sp[?ctra of both phases. Details of the

f i n e s t r u c t u r c at the 4d-thresh» l d u f a tomic and m e t a l l i c . Ce ari' given in

Fig, 2. The a g r «Jemen t between the two spec t r a is a lmos t p e r f e c t . The ener^iea

iif most of the ~axima sliowins up in the speLtr . - i n i" a tomic and m e t a l l i c Ce

agree wLüi i r . tne exper imenta l errors (see. Table 1). The grounr l s tate of Ce

i s 4d i f ; s - ) p " 5d6s- ( (^ ) . At the e leva ted temperi i tures of our experiment

a lso low e > : c i u e d s t ; i tes u f t l ie conf i gu ra t ions 4f 3d 6s^ and 4f 5d"6s are popu-

L ; i t e d . The e x c c l l e n t agreement be tween the 4d spect ra ot .solid and ^itomic Ce

demor .HtraLf .s t h a t the a r rangement of the ou te r 5d and 6s electrons h a r d L y in-

i ' l u e n c e s the spectra . Thi s f i n r l i n ^ i s c o n f i r m e d by Lhe r e su l t s for the Ce-

h ^ l i t i e s . - - T h e d e v i a t i o n s r e p u r t e d f o r L h e Ce-oxide s p e c t r a - ' are p r o b a b l y d u e
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4+
to ehe presenne of Ce iona - The 5d and 6s radial w a v e f u n c t i o n s s c a r u e l y

over lap wi t h 4d and 4f n i a i u L y located ins i de t_he r losed 5s1 3p'-1 H h t11 l - For i hc.

d i scuss ion uf the niain features < < l Lhe spi 'c t ra , t h e r e f o r e , i t i s j u s t i f i e d to

negle::L t ho outer e l e c L r o n s . Dehmer et a l . " 1 and Sugar' have c a l e u l a t e d tlie.

inu l t i p l e t Spl i t t ing and the r e l a t i v e osc i l la tor s t r e n g t h fo r the Ce

4d L 4 f * 4d ' 4 f - - t rans i t ioiis . The resu lLs u f the i r s c a l e d cal cul a t i o r i b , in-

cluded in Fig. l and Fig. 2, arv in good agreement wi th the observed spectra.

The same holds f o r the resul ts of our c a l c u l a t i o n s ( i n t t ; rmedi ; iLe cinipl i. n H) L > f

Liie m u l t i p l e t Sp l i t t i ng and the relative O S L . - L l l a to r s t r tmj i th f D r the Ce

4 d L Ü 4 f 5 s r 5 p G 5 d 6 s 2 ( t c , ) - '•4dL '" ; if25s r-5p r t5d6s ; i transitions to all .T - 3 , 4 , 5 f i n a l

s t u L e » , w h i c h are also shown in Fig. l and Fig . 2. The Slater- and sp in-orb i t

Parameters have been obtained f rom HarLrii^-Fock c a l c u l a t i ona. A sc;i l ing fac.tor

of 0.75 has be.en app l ied to tbi- F and C p a r a m e t f r s . The centre of g rav i ty of

the cun t ' igura t ion has been s h i f t e d to give best agreement w i t h the spec t rum of

atonic Ce. To fac- . i l i tate coraparison wi Lh the experimen tal da t a the 46) l i n e s

have been coiwoluted wi th a lorentzian of 0.5 eV h a l t " w i d t h . Tt is obvious that

Lhe 4d - U 4 f •* 4d '4f ' ' t r ans i t ions de termine i_he m;iin s t r u c t u r e u l the spect ra.

For a more detai l i>.d a n a l y s i y correlation e f f e c t s haue to be taken in t o account. -'

Our rcsu l t s prove that the rearrangement of the outc'r i' l ecLrons when guing f r o m

the atom to the s u l i d does not causr. any considerable raodifications.
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Tablc l Ene rg i e s (in t'V) of Lhe maxima found at the 4d-threshold of

atomic; and roetallic Ce.
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Fig. l 4d-,-ihsorption of atomic and metallit: Ce in thc energy ränge frota

100 eV to 150 eV. (The zcro line for the spec t rum of Ce vapour

may bc s h i f C e d by on.e unit . J Ttie calculated spectra Ce

4d I C 4f5s 2 5p G ' 3d6s^4d^4f- '5s ; ' 5p t ' 5d6s 2 ( s o l i d l ine) and Ce3"*"

4d ' : i 4f5s : 5p h j 4d '4 f 2 5s -5p £ ( R e f . 6, dashed line) are included.

Fig. 2 Fine structure at the 4d-Lhreshold of atomic and m e L a l l i c Cn,

The calculated spectra Ce 4d ' c '4f 5s?5p ; :5d6s? -- 4d 9 4f ?5s ; )6p fc5d6s2

(sol id line} and Cc 4d l ü 4f5s ' ' 5p^ >• 4d ' -*4f 2 r js 25pG (Ref . 6, multi-

p l ied by 0.5, dashed l ine) arc included.
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