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The 4f electronic state and the decay process of the photoexcited 4d°4f" *! states in CeO, are investi-
gated by means of a resonant photoemission technique in the Ce 4d —4f photoabsorption region. Reso-
nant enhancement of the valence-band emission is clearly observed in the giant-absorption region. This
confirms the existence of the 4 f electron in the ground state of CeO,. The 4f-derived emission exhibits a
single-peak distribution rather than a double-peak structure such as observed in other Ce compounds.
The Ce 5p emission band, which spreads over about 10 eV and consists of at least three or more fine
structures, also shows the resonant enhancement in the giant-absorption region. In the prethreshold re-
gion, the Ce 5p fine structures as well as the 4/ emission band show enhancements, but these constant-
initial-state spectra are different from each other. The obtained results are discussed in terms of the
mixed valence in the ground state of CeO, and of possible intermediate configurations in the resonant

photoemission process.

I. INTRODUCTION

A Ce ion in an insulating CeO, has been nominally re-
garded as tetravalent with no 4f electron. The valence-
band spectrum of CeO, studied by the x-ray photoelec-
tron spectroscopy (XPS) reveals no isolated 4f photo-
emission peak, "2 while the spectrum of the CeO, sample
reduced by sputtering and heating exhibits the 4f level 3
eV above the valence band, which mainly consists of the
O 2p states.’> The spectrum investigated by the brems-
strahlung isochromat spectroscopy (BIS) combined with
the XPS study shows empty localized 4f states in the
band gap.>* In line with these results of the electron
spectroscopic studies, the 4d —4f photoabsorption spec-
tra of CeO, (Refs. 5-7) as well as the reflectance spec-
trum in the 4d —4f photoabsorption region® seem to
support the 4/° configuration in the ground state, since
the overall profiles of the 4d —4f photoabsorption spec-
tra resemble those of La trihalides with no 4f electron
rather than those of Ce trihalides with one 4f electron.
However, an energy-band calculation by Koelling, Bor-
ing, and Wood® which explains well the valence-band
XPS and BIS spectra of CeO,, has shown the 4f electron
number of 0.5 and considerable covalent character in the
O 2p valence band with the Ce 5d and 4f states. The de-
tailed analyses of the 3d photoabsorption and photoemis-
sion spectra of CeO,, based on an Anderson impurity
model*'®!! or a cluster model,!? have also pointed out
that CeO, is strongly mixed valent between the 4/° and
4f L configurations in the ground state and that the
average 4f electron number is about 0.5. Here, L denotes
a hole in the valence band. Recently, it has been shown
that the valence-band photoemission, BIS, and 4d photo-
absorption spectra can be explained consistently with
other core-level spectra in terms of the mixed valence in
the ground state. 1>~ 15
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Resonant photoemission has been extensively utilized
for extracting the partial density of states such as the 3d
state in transition-metal compounds and the 4f and 5f
states in lanthanide and actinide compounds.'®~?? This
resonant enhancement is caused by an indirect process,
which has the same initial and final states as a direct pho-
toemission process, associated with the Coster-Kronig or
the super Coster-Kronig decay of the intermediate state
reached by the photoabsorption. For instance, the 4f
photoemission is resonantly enhanced at the 4d —4f
photoexcitation due to the indirect process associated
with the super Coster-Kronig decay

4d'4f ' +hv—4d°4f>—>4d 4 f +el

where hv and €l stand for an incident photon and an
ejected photoelectron, respectively. The photon-energy
dependence of the resonant enhancement is usually de-
scribed in terms of the Beutler-Fano type profile.?> The
4f partial density of states can be obtained by subtracting
an off-resonance spectrum from an on-resonance spec-
trum. The enhancement of the 4f emission is so sharp
and strong that even weak 4f emission such as in a dilute
system CeCug'® 2 can be extracted by the use of the res-
onance. Allen briefly reported that the valence-band
photoemission of CeO, exhibits resonant enhancement
around the 4d threshold and suggested that the 4/ emis-
sion is observed.®> However, he did not discuss the
valence-band spectrum in detail.

Furthermore, it has been recently observed that the
magnitude of the resonance depends on the multiplets of
the photoexcited 4d°4f"*! states, i.e., the intermediate
state in the indirect channel in the 4d —4f prethreshold
absorption region in La trihalides?*?* and Ce trihalides. ¢
Here, n is the number of 4f electrons in the ground state.
The 4f and 5p,,, emission bands show peculiar photon-
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energy dependences. This has been successfully ex-
plained by the multiplet-dependence of the Auger transi-
tion probability involved in the resonance process and
will be able to be utilized for elucidating the character of
the excited state.?*26

In this paper, we report results of the 4d-4f resonant
photoemission study of the valence and Ce 5p bands in
CeO,, in order to clarify the 4f electronic state and the
excited states reached by the 4d —4f photoabsorption.
We also reexamine the 4d —4f photoabsorption spec-
trum particularly in the prethreshold region by measur-
ing the photoelectric yield in comparison with the recent
theoretical investigation.!> In the prethreshold region,
multiplet structures due to the 4f"—4d°4f" ™! electron-
ic transition appear through the 4d-4f and 4f-4f
Coulomb interactions in lanthanide compounds. Thus,
the observed fine structures strongly reflect the initial 41
state.

II. EXPERIMENTAL PROCEDURES

Photoelectron measurements were carried out at the
beamline 2 of SOR-RING, a 0.38-GeV electron storage
ring, at the Synchrotron Radiation Laboratory, the Insti-
tute for Solid State Physics, the University of Tokyo.
Light from the storage ring was monochromatized with a
2-m grazing-incidence monochromator of a Rowland-
mount type. The spectral resolution was dependent on a
photon energy and was about 0.3 eV at a photon energy
of 102 eV with a 100-um entrance slit and a 100-um exit
slit and a 120-groove/mm grating. Energy distribution of
photoelectrons was measured with a double-stage cylin-
drical mirror analyzer (DCMA). The energy resolution
of the analyzer was kept constant to 0.4 eV. Photoelec-
tron spectra shown in this paper are normalized for the
number of incident photons, but are not corrected for the
transmittance of the DCMA.

We used two types of samples, i.e., single crystals and
thin films evaporated in situ onto gold substrates. The
single-crystalline CeO, was made with the use of a solar
furnace and was used as a starting material for the eva-
poration as well. The thickness of the evaporated film
was estimated to be about 100 A with an oscillating-
quartz thickness gauge. In the measurement on the sin-
gle crystal, clean surfaces were prepared by scraping the
specimen with a diamond file; a flood gun was used to
minimize the effect of charging up.

The base pressure in a sample preparation chamber
was about 10~ 2 Pa and rose to 10~ Pa during evapora-
tion. The pressure in the analyzer chamber was about
10~° Pa during measurements.

ITII. RESULTS AND DISCUSSION

A. Photoelectric yield spectra

Figure 1 shows a total yield (TY) spectrum of the CeO,
evaporated film and a partial yield (PY) spectrum of the
CeO, single crystal in the Ce 4d —4f photoabsorption
region. The details of the yield spectra in the Ce 4d —4f
prethreshold absorption region are shown in Fig. 2. The
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FIG. 1. Partial yield spectrum of single-crystalline CeO, and
total yield spectra of evaporated films of CeQ,, LaF;, and CeF,
in the lanthanide 4d —4f absorption region. The spectrum of
LaF; is represented so that a peak observed at 97.5 eV in LaF,
may line up with a peak observed at 103.5 eV in CeO,.

PY spectrum was obtained by collecting photoelectrons
with a kinetic energy of 19 eV. We also show TY spectra
of LaF; and CeF; in these figures, where the TY spec-
trum of LaF; is shifted so that a peak observed at 97.5 eV
in LaF; may line up with a peak observed at 103.5 eV in
CeO,. The Ce 44 direct photoemission contributes to the
PY spectrum between 130 and 147 eV,?”?® which results
in the difference between the TY and PY spectra in that
region. Except for this point, there is no qualitative
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FIG. 2. Partial yield spectrum of single-crystalline CeO, and
total yield spectra of CeO,, LaF,;, and CeF; films in the
lanthanide 4d —4f prethreshold absorption region. The spec-
trum of LaF; is represented so that a peak observed at 97.5 eV
in LaF; may line up with a peak observed at 103.5 eV in CeO,.
The photoabsorption spectrum calculated by Kotani et al. (Ref.
15) is also shown by a solid line.
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difference between the TY spectrum of the evaporated
film and the PY spectrum of the single crystal. This indi-
cates that the properties of samples do not change so
much by evaporation. As seen in these figures, the yield
spectrum of CeO,, which shows the giant band and the
peaks at 103.5 and 108 eV, is in close correspondence in

shape with that of LaF; rather than that of CeF;. How-
ever, the spectral features of CeO, are broader than those
of LaF;. Furthermore, weak structures are recognized
around 105, 110, and 115 eV in the prethreshold region
(Fig. 2). Although some of the weak structures are ambi-
guous in the PY spectrum of the single-crystalline CeO,
because of the bad statistics, a broad feature is clearly ob-
served at about 115 eV in both yield spectra.

In the photon-energy region where the 4d —4f photo-
absorption takes place, we can consider both the TY and
PY spectra as a 4d photoabsorption spectrum.? The
overall profile of the yield spectra observed in the present
study is similar to the 4d photoabsorption spectra of
CeO, thin films obtained by Haensel, Rabe, and
Sonntag,” Zimkina and Lyakhovskaya,® and Hanyuu
et al.,” and the reflectance spectrum of a single-
crystalline CeO, measured by Miyahara et al.® Howev-
er, the fine structures in the prethreshold region are
slightly different from those in the previous results, ex-
cept for peaks observed at 103.5 and 108 eV. Some
researchers attributed the fine structures other than the
103.5 and 108-eV peaks to the reduction of the specimen
and considered them as extrinsic.” Some ignored the
presence of the broad structure around 115 eV due to
their emphasis on the similarity between the spectra of
CeO, and La trihalides.”® In the present study for the
evaporated film, a trace of the trivalent Ce ion is observed
in the valence-band photoelectron spectrum as will be de-
scribed later, but the amount of the trivalent component
is estimated to be very small. Furthermore, the broad
feature is clearly observed in CeO, around 115 eV, where
there is no structure in CeF;. The integrated intensity of
the broad structure is comparable to those of the 103.5
and 108-eV peaks, and is at least larger than that of the
103.5-eV peak. Thus, we consider at least the structure
around 115 eV as intrinsic for CeO, as well as the 103.5
and 108-eV peaks.

The theoretical analyses!"'!> based upon the Anderson
impurity model suggest that fine features appear on the
high-energy side of the 108-eV peak. The theoretical
photoabsorption spectrum in the prethreshold region of
CeO, calculated by Kotani et al.!® is also shown by a
solid line in Fig. 2. It reproduces the present experimen-
tal results considerably well. According to the theoreti-
cal study, the peaks at 103.5 and 108 eV correspond to
the transitions to the discrete *P, and 3D, levels of the
4d°4f! excited states, respectively, which are broadened
by the hybridization with the quasicontinuum 4d°4f2L
excited states, and structure due to the transition to the
4d°4f°L excited state spreads over 8 eV around 115 eV.

B. 4f emission

Figure 3 shows a series of energy distribution curves
(EDC’s) of the CeO, evaporated film measured at various
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FIG. 3. Energy distribution curves for a CeO, evaporated
film measured at various photon energies around the Ce 4d
threshold. The excitation photon energies are indicated on the
right-hand side of each spectrum. Binding energies are given
relative to the Fermi edge estimated from the photoemission
spectra of gold. Arrows A —C indicate the peak positions where
the Auger lines may appear.

photon energies around the Ce 4d threshold. Excitation
photon energies are indicated on the right-hand side of
each EDC. Binding energies are given relative to the
Fermi level of gold. There are three photoemission bands
corresponding to the Ce 5s, Ce 5p (overlapped with the O
2s level) core levels, and valence band (denoted by VB in
Fig. 3), as labeled on the spectrum taken at the 129.3-eV
photoexcitation. Arrows A4 —C indicate positions of con-
stant kinetic energies, which correspond to the
N4 50,3043, NysO,3V, and N, sVV Auger peaks, re-
spectively. The shape of the valence band taken at the
nonresonance photon energy is similar to those reported
so far in the XPS studies.!™* We also measured EDC’s
for the CeO, single crystal (results are not shown). Un-
fortunately, we observed the effect of charging up, i.e.,
broadening of photoemission bands and their shift to the
high binding-energy side, which depend on the photon
energy and incident photon intensity. For films, such
charging-up effects were not recognized. Then we will
present results only for the evaporated film below.

In Fig. 3, we find four features a —d in the valence-band
region and at least three peaks e —g in the Ce 5p band re-
gion. These features show the resonant enhancement at
the 4d —4f photoexcitation as seen in the EDC at the
124.5-eV photoexcitation. In order to elucidate their
photon-energy dependences, we show the constant-
initial-state (CIS) spectra for the features a —-d in Fig. 4
and those for the features e —g in Fig. 5 together with the
TY spectrum. The CIS spectrum for the main valence-
bangi feature b is consistent with the observation by Al-
len.
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FIG. 4. Constant-initial-state spectra obtained at the binding
energies of the features a—d in the valence-band photoemission
spectra and a total yield spectrum of CeO,. The ordinates of the
spectra for the features a and d are magnified by factors of 5 and
3, respectively. The assumed photon-energy dependence of the
nonresonant component is shown by a broken line.

The valence band in La trihalides with no 4f electron
shows slight enhancement due to the La 5d and 6s com-
ponents included in the valence band,?* while the Ce 4f
in Ce trihalides exhibits prominent enhancement in the
4d —4f giant-absorption region.?%3° Recent research for
some intermetallic Ce compounds in comparison with the
conventional La counterpart has shown the fairly large
Ce 5d contribution to the resonant enhancement of the
valence band.?! We cannot estimate the Ce 5d contribu-
tion to the resonance by simply adapting the same
method, since there is no La counterpart, LaO,, to be
directly compared with, and the situation for insulating
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FIG. 5. Constant-initial-state spectra obtained at the binding

energies of the features e—g in the Ce 5p band and a total yield
spectrum of CeO,.
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CeO, is much different from the metallic compounds. In
atomic Ce, however, it is known experimentally and
theoretically that the Ce 4f CIS spectrum is quite
different from CIS spectra of the other electrons such as
the Ce 5d ones, which are less localized than the 4f elec-
trons.*>3 The 5d, 5s, and 5p CIS spectra show rather a
symmetric profile for the resonance in the 4d —4f giant-
absorption region, while the 4f CIS spectrum is asym-
metric. 2323 It shows a steep rise on the low photon-
energy side of the resonance, and has a gentle decrease on
the high photon-energy side. This dependence of the 4f
enhancement on the photon energy has been ascribed to
the localized nature of the 4f state.’>3* Such difference
has been also recognized between the 4/ CIS spectrum of
Ce trihalides and the valence-band CIS spectrum of La
trihalides. 3

Comparison between the obtained CIS spectra, espe-
cially between the CIS spectra of the main feature b, and
of the shoulder ¢ or the weak satellite @, shows that the
main feature b in CeO, exhibits such an asymmetric
enhancement at 125 eV as mentioned above. The overall
profile of the CIS spectrum of the feature b for the reso-
nance at the giant-absorption band resembles that of the
satellite a, which is ascribed to the 4f state of trivalent
Ce ion as described later. Hence, we attribute the main
enhancement of the feature b to the Ce 4f state of CeO,.
The CIS spectrum of the feature ¢ shows a shoulder at
128 eV as well as small enhancement at 124 eV. This
suggests that the feature c¢ includes other components
than the 4f state. In other words, the CIS spectrum of
the feature ¢ may show the enhancement due to the Ce 5d
component in the valence band. If this is the case, judg-
ing from the profiles of the CIS spectrum of the feature b
and the off-resonance EDC, the Ce 5d component might
contribute to the enhancement of the feature b by at most
30% of the total enhancement at the 124-eV photoexcita-
tion. However, we again emphasize that the asymmetric
profile of the CIS spectrum of the feature b reveals the
resonant enhancement due to the 4f electron.

The CIS spectrum for the weak satellite a on the low
binding-energy side of the main feature b is quite similar
to that for the Ce 4f state in Ce trihalides.?® The max-
imum of this CIS spectrum is located at 121 eV and the
same multiplet structures as those in Ce trihalides are ob-
served in the prethreshold region. Thus, we ascribe the
satellite a to the 4f state of a trivalent Ce ion, which
might exist on a sample surface or near an oxygen-defect
site. The satellite d shows weak enhancement. However,
the enhancement at 124 eV appears to be caused by the
secondary electrons of the main band b, as described
later. The feature d might be ascribed to the oxygen de-
fect in CeO,. At present, its origin is not clarified yet.

The asymmetric enhancement in the 4d —4f giant-
absorption region gives an evidence that the 4f!L
configuration exists in the ground state and that CeO, is
certainly mixed valent between the 4f° and 4f'L
configurations. Corresponding to the mixed valence in
the ground state, the 4f°L and 4 'L? final configurations
will exist in the valence-band photoemission of CeO,.
For the 4f°L final configuration, the indirect process
through the super Coster-Kronig decay of the 4d°4f2L
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intermediate state reached by the 4d —4f transition
causes strong resonant enhancement of the 4f photoemis-
sion. On the other hand, the 4f!L? final configuration
would show resonant enhancement through the super
Coster-Kronig transition from the 4d°4f°L? intermedi-
ate state, if the 4d°4f3L? intermediate state could be
reached directly from the 4f2L? configuration in the
ground state or through the hybridization between the
4d°4f?L and 4d°4f3L? configurations. Actually, the
4f°L? configuration is hardly considered to exist in the
ground state because of the large Coulomb interaction be-
tween the 4f electrons, and the hybridization effects in
the intermediate state may be very small because of a
large energy difference between the 4d°4f’L and
4d°4f3L? configurations. It is also expected that the
super Coster-Kronig process predominates over the other
Auger decay processes. Thus, we consider that the
feature b is mainly composed of the 4f°L final
configuration, while the feature ¢ has a component of the
4f'L? final configuration.

The Ce 4f photoemission may be enhanced at the pho-
toexcitation to the 4d°4 f 2L excited state. In fact, we no-
tice that the CIS spectrum of the feature b in the
prethreshold region shows weak humps at 108 and 115
eV, though the enhancement at 108 eV is not so strong
compared with the TY spectrum. This can be explained
by the fact that the absorption band at 115 eV corre-
sponds to the transition to the 4d°4 %L states, while the
peak at 108 eV corresponds to the transition to the
4d°4f " excited state hybridized with the 4d°4 /2L state.

In order to clarify the spectral distribution of the 4f
state in CeO,, we compare the valence-band EDC on res-
onance (124.5 eV) with that off resonance (117.0 eV) in
Fig. 6. Here, we subtracted the background due to
secondary electrons from the measured EDC’s by a
method in Ref. 21. For comparison between the on- and
off-resonance EDC’s, we should take account of the
dependence of the ionization cross sections of the non-
resonant components on the photon energy and that of
the transmittance of the DCMA on the kinetic energy of
incident photoelectrons, i.e., on the photon energy. We
assumed that these dependences are represented by a
smooth broken line as shown in Fig. 4. The off-resonance
EDC is corrected by multiplying the ratio of the intensity
assumed by the broken line at 124.5 eV to that at 117 eV.
Then we obtain a difference spectrum by subtracting the
corrected off-resonance EDC from the on-resonance
EDC. In this difference spectrum, the contribution of the
Ce 5d electrons may still remain. However, as already
mentioned, the Ce 5d component, if any, is smaller than
30% of the peak intensity of the difference spectrum.
Thus, the main part of the difference spectrum represents
the 4 f partial density of states in CeO,, while the correct-
ed off-resonance EDC mainly gives distribution of the
nonresonant component.

It is remarkable that the difference spectrum exhibits a
single peak rather than a double-peak structure such as
reported in Ce trihalides’®3* and many Ce compounds. !’
With a simple consideration, the energy separation and
the hybridization between the 4f°L and 4f'L? final
configurations are expected to nearly equal those between
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FIG. 6. Energy distribution curves in the valence-band re-
gion for a CeO, film measured at photon energies on- (124.5 eV)
and off- (117.0 eV) resonances, and a difference spectrum be-
tween these curves.

the 4f° and 4f 'L configurations in the ground state with
the average 4f electron number of 0.5. Consequently,
both the bonding and antibonding states of these final
configurations will have almost the same 4f°L com-
ponent. The 4f photoemission in CeO, is also expected
to show two peaks of almost the same intensity corre-
sponding to the bonding and antibonding states of the
final configurations. The discrepancy between the obser-
vation and the above simple expectation may be ex-
plained by taking account of the width of the O 2p
valence band. Or it might be explained by the inclusion
of the 4f°4f3L? intermediate states. On the other hand,
the energy-band calculation’ shows that the bottom and
upper parts of the O 2p band contain the Ce 5d and Ce 4f
characters, respectively. The peak of the difference spec-
trum is located on the low binding-energy side of the
valence band as seen in Fig. 6. This seems to correspond
to the result of the energy-band calculation.

C. 5p emission

Figure 7 shows a series of detailed EDC’s in the Ce 5p
region measured at various photon energies for the CeO,
evaporated film in comparison with results of LaF, and
CeF;. The Ce 5p band in CeF; is broader than the La 5p
band in LaF;, which suggests the interaction between the
5p hole and 4f electron. The Ce 5p band in CeO, is much
broader and shows more features, at least three as labeled
by e—g, than those in LaF; and CeF;. One of possible
origins is that the O 2s band overlaps with the Ce 5p
band. On the assumption that the energy separation be-
tween the O 2p and O 2s levels in CeO, is the same as
those in the other rare-earth oxides, 16.7 eV!, the O 2s
level is considered to be located between the features f
and g. However, as seen in Fig. 5, all the CIS spectra ob-
tained at binding energies of the features e —g show reso-
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FIG. 7. Energy distribution curves in the Ce 5p band region
for a CeO, film measured at various photon energies in compar-
ison with the lanthanide 5p photoemission spectra of LaF; and
CeF;.

nant enhancement in the giant-absorption region and
they are very similar to each other. Thus, we consider
that the contribution of the O 2s level is not so large for
the features e —g and ascribe all of the features to the Ce
5p bands.

We find that the features g and f are pronounced in the
EDC measured at the 108.1-eV photoexcitation com-
pared with the feature e. This aspect is also seen in the
CIS spectra in Fig. 5 as the enhancement at 108 eV. On
the other hand, the feature e shows weak enhancement
around 115 eV, while the feature g does not. These re-
sults can be explained by the mixed-valent nature of
CeO,. The 5p°4f° and 5p°4f!L configurations in the
final state will appear corresponding to the 4/° and 4L
configurations in the ground state. Since it is considered
that the 5p°4f° and 5p°4f'L final configurations are
enhanced at the photoexcitation to the 4d°4f! and
4d 94f 2] excited states, respectively, the feature e is as-
cribed to the 5p>4f!L final configuration and the features
f and g to the 5p4f° one. Furthermore, the fact that the
features f and g are enhanced at the 108-eV photoexcita-
tion suggests that these features include the 5p,,, com-
ponent, since the La 5p, ,, photoemission in La trihalides
shows selective resonant enhancement at the 3D, pho-
toexcitation.??° According to recent theoretical stud-
ies, 07153 the energy separation between the 4f° and
4f'L configurations is 1.5 eV and the Ce 5p core-hole po-
tential, which acts on the 4f electron, is 3.75 eV in CeO,.
If the interaction in the final state is neglected, it is es-
timated that the 5p4f!L state lies about 2.25 eV below
the 5p34f° state. In addition, the spin-orbit splitting of
the Ce 5p levels in Ce trihalides is 2.9 eV. These energy
separations show reasonable agreement with those among
the features e —g. Thus, the feature f is composed of two
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configurations 5p ; ,4f 'L and 5p 3 ,4f°. Here, 5p ; indi-
cates a hole in the 5p; sublevel. Consequently, we ass1gn
features e, f, and g to the 5p;, L4fL, 5p 1,24 fIL
+5p3,,4f° and 5p,,4f° “final configurations,
respectively.

The N, 50, 3V Auger peak may cross Ce 5p bands near
108 eV as indicated by the arrow B in Fig. 3. However, it
is considered that the 4d hole decays dominantly through
the direct recombination in the prethreshold region.?*
The intraatomic decay processes in the direct recombina-
tion, ie., 4d°4f' —5p°4f°+el and 4d°Af7L
—5p34f'L +el are expected to predominate over the in-
teratomic processes. Thus, it is reasonable to ignore the
interatomic processes in the above discussion.

IV. CONCLUSION

The 4f electron state and the decay process of the
4d°4f" *! excited states in CeO, are investigated with the
use of a resonant photoemission technique in the Ce
4d —4f photoabsorption region. Although the valence-
band photoemission spectra measured at the off-
resonance photon energies exhibit a single emission band
as observed in XPS studies, the 4/ emission is derived by
the resonant photoemission. This fact gives an evidence
that CeO, is certainly mixed valent between the 4f° and
4f'L configurations in the ground state. The extracted
4f spectrum shows a single-peak distribution rather than
such a double-peak structure as observed in Ce trihalides,
which is in contrast to the simple speculation along the
cluster model. Further theoretical investigation will be
necessary to explain the present observation.

The Ce 5p photoemission band in CeO, spreads over 10
eV and has at least three or more features, which are as-
cribed to the mixed-valent nature of CeQO,. These
features show photon-energy dependences different from
each other in the prethreshold region and are ascribed to
the 5p3,04f 'L, 5p 1,4f'L+5p 3,4f°, and 5p,,4f°
configurations. We also find that the 4d°4f" 7T excited
state in CeO, tends to decay selectively to the 5p , , final
state at photoexcitation including the 3D, of the 4d°4f
state as observed in La trihalides. We confirm that the
absorption lines in the prethreshold region of CeO, are
explained by the theoretical expectation by Kotani
et al.’’ Especially, we clearly observe the absorption
feature due to the transition to the 4d°4f2L excited state,
which was ambiguous in the previous measurements.
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