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Abstract:

The photoabsorption of atomic Ce has been determined in the
energy range from 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 -
[+ 2
to Adlobf*bd'bf transitions.
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The soft x-ray spectra of the rare—earth metals show a discrete line structure

At the 4d-threshold followed by a giant resenance »10 - 20 eV above.' ™3 Fomi-

chev et al.” suggested that the sharp lines at the ounset are due to ilonic

n n+l

: “ . iy } a0
transitions of the type 4d''4f ~4dY4f Calculations™™¥ of the ad'Yat™>

N + . .
4dai" : transitions for free rare-earth ions, from which the outer 5d and 6s
electrons have been removed, support this suggestion. These calculations were

able to account for the discrete lines at threshold and lor the premineat maxi-

mum above, The interactien between the 4f clectrons and the 4d vacane

the &dq$En+1 configuration and raises some levels by 20 eV. Autoionization
of the high levels, which comprise most of the oscillator strength, gives rise

to the giant, approxizately 10 ¢V wide resonance.

ra

In order Lo test the validity of this interpretation we investigated the
4d-absorption of atomic Ce by means of synchrotron radiation. Atomic Ce was
maintained inside a new resistance heated tubular furnace mounted in front

of a 2m grazing incidence Rowland type spectrograph, The temperatures ranged
from 1900° C to 2200° €. The length of the vapour column was “60 com. 140 R
thick carbon 1ilms separated the vapour region from the high vacuum of the
beam pipe and the spectrograph. A He buffer gas prevented the Ce atoms from
reaching the windows. The spectra were recorded on photographic plates. The
spectrograph was calibrated by means of the known lines of atomic rare gases.g

The energy resolulLion at the 4d-threshold was better than 0.09 eV.

The 4d-spectrum of atomic Ce In the energy range from 100 eV to 150 eV is
shown in Fig. |. Because of the uncertainties invelved in the determination
of the vapeur pressurc and the lack of data on the concentration of molecules
present in the vapour ornly the relative spectral dependence is presented. The

spectrum is dominated by the strong 15 eV wide =maximum peaking at 124 eV,

For comparison Lhe spectrum of metallic Ce”+3+'C {s ineluded in Fig. 1. There
is an excellent agreement between the spectra of both phases. Details of the
five structure at the &4d-threshold of atomic and metallic Ce are given in

Fig. 2. The agreement hetween the two spectra is almost perfect. The energies
of most of the zaxima showing up in the spectra of atomic and metallic Ce
agree within tine experimental errors (sce Table 1). The ground state of Ce

is 4d17415s95p" 5d6s” (1(;‘.).:1 At the clevated temperatures of our experiment
also low excited states of the configurations 4f 5d 6s” and 4f 5d°6s are popu~

lated. The excellent agreement between the 4d spectra of solid and atomic Ce

demenstrat

s that the arrangement of the cuter 5d and 6s electrons hardly in-
fluences the spectra. This finding is confirmed by the results for the Ce-

halides. -~ The deviations repurted for the Ce-oxide spectra” are probably due



to the presence of CeA* ions. The 5d and bs radial wavefunctions scarcely
overlap with 4d and 4f mainly located inside the closed szSpC shell. For the
discussion of the maln features ol the spectra, therefore, it is justified to
neglect the outer clectrons. Deimer et al.® and Sugar” have calculated the
multiplet splitting and the relative oscillator strength for the Ce3*

4d1C4F > 43745 transitions. The results of their scaled calculations, in-
cluded in Fig. | and Fig. 2, are in good agreement with the observed spectra.
The same holds for the results of our calculations (intermediate coupling) of
the multiplet splitting and the relative oscvillator strength tor Lhe Ce
4d-04£355p05d6 52 (lGu)~+4dg4f25525p55d657 transitions to all J = 3,4,3 final
states, which are also shown in Fig. | and Fig., 2. The Slater— and spin-orbit
parameters have been obtained from Hartree-Tock calculations. A scaling lactor
of 0.75 has been applied to the F and G parameters. The centre of gravity of
Lthe contiguration has been shifted to give best agreement with the spectrum of

atomic Ce. To facilitate comparison with Lhe cxperimental data the 461 lines

have been convoluted with a Lorentzian of 0.5 eV half width. It is obvious that

the 4d-04f > 4d%4f7 transitions determine the main structure of the spectra.

For a more detailed analysis correlation effects have to be taken into account. > 7ad

Our results prove that the rearrangement of the outer clectrons when going {rom

the atom to the solid does not causc any considerable modifications.
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atomic and metallic

Table |
Ce atom

a 101.46+ 0.1
b 103.38- 0.1
© 104.34 4 0.1
d 105.55+ 0.1
e 105.83 - 0.15
f 106.28+ D.15
g 107.82 1+ 0.15
h 108.42 1 D. 15
i 109.12 1 0.25
] 109.97 + 0.2
k 110.52 ¢ 0.15
1 111.76 * 0.1
m 112.55 - 0.2

3

Energies (in ¢V) of the maxima

Ce.

found at the 4d-threshold of

Ce metal
A 101.25% 0.2
B 103,481 0.1
C 104.56 - 0.1
n 105.77 + 0.1
E 106.06 1 0.1
F 106.58+ 0.1
G 108.06 £ 0.
H 108.93 ! 0.1
1 109.70+ 0.15
K 110.36 - 0.1
L 11,52 0.1

Fig.

Fig.

!

4d-absorption of atomic and metallic Ce in the energy range from
10¢ eV to 150 eV. (The zere line for the spectrum of Ce vapour
may be shifted by one unit.) The calculated spectra Ce
4a104F5525p05a65" + 4d 417557 5p05d6s? (solid line) and e

4d°4£557 5pP+4d4£25575pC (Ref. 6, dashed line) are included.

Fine structure at the 4d-Lhreshold of atomic and merallic Ce,

The calculated spectra Ce 4d'Y4£5575p%5d6s? + 4d%4£” 557 6p®5d6s?

3

. . + R P,
{solid line) and Ce 4d10£f55’5p° >&djhf*5545p”(Ref. 6, multi-

plied by 0.5, dashed line) are included.



{suun -quo) Ybuans Joyo)|19s0

A 5 e =] o o i 2 s
]"_fT‘TOI‘IIII-I_IIII.I-II TT T T I T T 7T T {yrrrrrrrrrrTT
=
ﬁ
A ——— =
————— &
3
b
)
£ 3
P
(&)
L g
{sjun -qio) uondiosqo
(syun "qo) yybuans Joyny)12s0
<o
2 oo ;
[ -
]
(o]
B 132

(S}iun ‘QJD

130

I | | |

NUO!]'aJOSQD

-3 ™ ™~ —

o

o
-
@

Q\-—

v—>~
o
—
@
| =
@

(=]

e

DESY

energy (eV)

2514990

25189



