
VOLUME 46, NUMBER 16 PHYSICAL REVIEW LETTERS 20 APRIL 1981

Fundamental Parameters and Mechanisms in the Ce Problem: Photoemission
Results on CeA12 and CeA12 Alloys
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Photoelectron-spectroscopy studies of CeA12, LaAl, , and the "chemically compressed"
alloys Ceo 6 Yo 4Al~ and Ceo 6Sco 4A12 were performed with use of synchrotron radiation.
For all compounds the 4f binding energy is 2.55+ 0.1 eV. These results, combined with
previous bulk-property results, motivate a reevaluation of Anderson-model parameters
and mechanisms as applied to CeA1~.

PACS numbers: 79.60.Cn

Elemental Ce has two fcc phases, the high-
volume, local —magnetic-moment y phase and the
low-volume, Pauli-paramagnetic o. phase. ' In
general, the effective volume and magnetic char-
acter of Ce in intermetallic compounds can be
characterized as being y-Ce-like or Q. -Ce-like. '
Indeed, this partitioning of Ce systems (at least
in terms of magnetic properties) can be extended
to numerous dilute Ce systems. "

Over a number of years a large body of theo-
retical work, rooted in the Friedel-Anderson
virtual-bound-state model, has been applied to
both dilute and concentrated Ce systems. ' ' Cen-
tral to most of these discussions were the ideas
that the Ce 4f level (a) is within 0.1 eV of the
Fermi energy (F. F), (b) has a hybridization width

(b) of about 0.02 eV, and (c) moves to and through
EF with decreasing volume. ' ' These treatments
have been used in analyses of magnetic, volumet-
ric, and transport properties.

Objections to these models and/or their choice
of parameters, in the case of elemental Ce, have
been made on such diverse grounds as photoemis-
sion, ' ' positron annihilation, " and Compton-
scattering experiments, "melting-point argu-
ments, " and cohesive-energy arguments. " Of
particular importance, then, is a direct measure
of the 4f binding energy in o, -like or y-like Ce
compounds and an identification of its volume de-
pendence and degree of hybridization.

In this paper we report photoelectron-spectros-
copy experiments on CeAl„LaAl„and "chem-
ically compressed" alloys of CeA1, using synchro-
tron radiation. Our results address several prob-
lems in the previous Ander son- model tre atments
in a much more direct way than has been done
previously. ' " Specifically, we find that our re-

suits are incompatible with previous notions of
the 4f -level position and movement with volume
[(a) and (c), above]. Moreover, combining our
photoemission results with extensive transport da-
ta yields a drastically different Anderson-model
estimate of the 4f -level width than previously
postulated [(b), above]. Finally, as we will show,
if one wishes to retain Anderson-model ideas to
explain the volume-dependent magnetic proper-
ties of CeAl„one must rely on 4f -level broaden-
ing rather than on a shift in 4f binding energy
with volume.

The cubic Laves-phase compound CeA1, is one
of the most thoroughly studied Ce compounds. "
For our purposes, its most important properties
are (i) it has a well-established "y-like" phase at
ambient pressure, '4 (ii) it transforms to a volume-
collapsed "o.-like" phase above 7o/o volume com-
pression, ""and (iii) the role of the Kondo effect
in its "y-like" phase has been well character-
ized 14' 17 ls

In order to determine the position of the Ce-4f
level in this fascinating system, we have per-
formed photoemission studies as a function of
photon energy. " Studies of CeAl, and LaA1, under
identical experimental conditions have made it
possible to identify unambiguously the 4f con-
tribution in CeAl, . Furthermore, the hv depen-
dence of this 4f feature is dramatic and can be
used to isolate the 4f contribution from the va. —

lence-band features.
In Fig. 1, we show photoelectron-energy dis-

tribution curves (EDC's) for CeA1, and LaAI,
measured at several photon energies between 10
and 50 eV. As shown, at 10 eV, where the 4f
cross section is small, the EDC's are effectively
identical for the two compounds. By hv =30 ev,
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