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%e follow up a previous suggestion that x-ray photoelectron spectroscopy line shapes
can be used to estimate the degree of screening orbital delocalization. Using compounds

RPd3 (R =La, Ce, Pr, Nd, and Sm) we show that there can be appreciable but decreasing
mixing of the 4f states with the extended conduction-band states in the series of RPdq

compounds in going from La to Nd. This mixing is, however, not detectable by photo-
emission in SmPd3. %'e discuss this mixing in both initial and final states. %'e conclude

that the major initial-state mixing involves f fconfig-urations in Cepdq. The major
mixing in the final states always involves the f"and f"+' configurations, where the f"+'
configuration has a negligible effect for Sm and heavier elements. The implication of this

is that core-level spectroscopies can give reliable information on the f count in com-

pounds of samarium and the heavier rare-earth metals.

INTRODUCTION

In certain rare-earth compounds of Ce, Sm, Eu,
Tm, and Yb, indisputable evidence has been found
for nonintegral occupation numbers of the 4f lev-

els (i.e., nonintegral f counts). ' As the 4f levels

are spatially well localized the picture of config-
uration fluctuations with characteristic fluctuation
times in the region 10 ' —10 ' sec has
evolved. ' Ce and some of its compounds are
special cases among these materials as it has be-

come accepted in the last five years that the indi-

vidual 4f orbitals of Ce have sufficient spatial ex-

tension to interact or "hybridize" strongly with

other valence orbitals (6s, 5d, or 4fI of the same,
or neighboring atoms.

A central problem in the physics and chemistry
of Cc compounds 18 understanding whctlMl thc
anomalous properties are determined by changes in

the f-level hybridization and band character, or by
changes in the f count, or both. As an example of
this dilemma we cite the example of the a-y Ce
phase transition. The u-y transition was once
thought to involve (partial) promotion of -0.6 4f
electrons to the 5d-6s conduction band, with
concomitant decrease in the atomic volume. How-

ever, more recent experimental evidence from
Compton scattering' and positron annihilation"
support the view that the phase transition is a
Mott transition from a phase with localized 4f
electrons (y-Ce) to one with (partially) delocalized

f electrons (a-Ce). In this latter model the number
off electrons remains nearly unchanged. '

It is generally believed that in all the rare earths
except Ce the 4f levels are too strongly localized to
give a significant contribution to a chemical bond„
although isolated observations, such as phase tran-
sitions of Pr in metallic systems under pressure
consistent with a Mott-type transition, may con-
flict with this viewpoint. It is the purpose of this

paper to provide evidence by photoelectron spec-
troscopy of a weak coupling of the 4f states with
delocalized electrons, even in Nd. %C will argue
that core-level spectroscopies of I.a, Ce, Pr, and
Nd and their compounds give primarily informa-
tion on the coupling of the f electrons to the other
electrons, and not on the f count. However, the
implication of our work is that in Sm and the
lMavicI l.al.c earths thcsc spcctI'oscoplcs will yield
direct information on the f count.

In principle, hybridization of the 4f levels in
light rare earths could be inferred from measure-
ments of the 4f level widths in photoemission
from the valence bands. In practice the widths of
the f "bands" are small so that some resolution
problems occur. In addition major difficulties
might well be related to lifetime broadening' and
surface effects (see, e.g., Refs. 15—17). A further
problem is the small cross section of the 4f levels
in light rare earths and in Ce. It is not even possi-
ble to be sure of the position of the occupied 4f
level' or indeed if the 4f level is located in just

3550 1982 The American Physical Society



INVALIDITY OF 4f COUNTS. . . 3551

one position. These difficulties with direct studies
of the position of the occupied 4f level in the
valence bands give additional impulse to studies
utilizing the core-level line shapes to diagnose hy-
bridization of the 4f levels as suggested in a pre-
vious paper. The use of core-level line shapes in
this way is based on the concept that when a rare-
earth atom has n 4f electrons in the ground state,
the lowest-energy core-ionized state is one with

(n +1)4f electrons and with the core hole
screened by an extra 4f electron in an excitonlike
level centered on the core-ionized atom. In the
nomenclature of Ref. 23, the states with and
without occupation of this screening level P; are
termed "well screened" and "poorly screened. "
The probability that the screening level will be oc-
cupied depends critically on the coupling to the
other occupied levels. This coupling is described
in terms of a hopping integral, or degree of hybrid-

ization with the delocalized electrons of the system

(see, e.g., Refs. 24 —26}. If this degree of hybridi-

zation is small then the probability of transferring
an electron to P; is small and most of the x-ray
photoelectron spectroscopy (XPS) intensity will be
found in the poorly screened peaks at higher bind-

ing energy.
XPS of rare-earth core levels for studies of

screening effects is restricted to the 3d and 4d lev-

els because lifetime broadening of the other levels

masks fine structure related to screening effects.
In addition the exchange interaction between 4d
holes and the unfilled 4f levels gives rise to com-

plicated multiplet structures which cannot be easily

separated from screening effects. We thus restrict
the present report to the 3d core levels. In the ele-

ments La, Ce, Pr, and Nd the well screened 4f"+'

peaks always contribute less than 5 —10% to the
total 3d XPS peaks so that it is difficult to
observe trends in their weight as a function of
atomic number. We have thus studied the series of
RPd3 intermetallic compounds because the intensi-

ty was known to be more evenly distributed be-

tween the well-screened and poorly screened peaks
in CePd3""

EXPERIMENTAL

The compounds were prepared by melting
preweighed portions of the pure elements in a cold
crucible under clean argon. Metallography and x-

ray diffraction were used to check that the samples
are primarily single phase. LaPd3, PrPd3, and
NdPd3 contained approximately 1% of a second

RESULTS AND INTERPRETATION

The XPS spectra of these alloys in the region of
the 3d peaks is shown in Fig. 1 and some peak en-

ergies are listed in Table I. The 3d levels have a
spin-orbit splitting ranging between 17.0 eV for La
and 26.7 eV for Sm. The shoulders on the low-

binding energy side of the 3d3/2 aild 3d5/2 peaks
are attributed to the well-screened 3d. . .4f"+'
final-state configurations while the more intense

peaks are attributed to the poorly screened
3d . . .4f" configurations. The main 3d peaks are
quite broad [3d5/2 full width at half maximum

(FWHM) -3 eV] which is due to a combination
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FIG. 1. XPS spectra in the region of the rare-earth
3d levels for RPd3 alloys (R =La, Ce, Pr, Nd, and Sm).
The spectra have been normalized to the height of the
3d peaks. Peak binding energies are given in Table I.

phase; in CePd3 and SmPd3 no second phase was

detectable.
The samples were scraped clean at 1 —2)& 10

Torr and measured in a vacuum of 2 —4)&10
Torr. Monochromated A1Ea radiation was used
to excite the spectrum and total resolution was 600
meV. Wider XPS scans were used to check the ab-
sence of contamination. Oxygen gave the most
problems, although in all spectra shown here less

1

than —, monolayer was present. LaPd3 was most
reactive to oxygen (for instance it blackened in air,
which the other samples did not}.
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TABLE I. Rare-earth 3d XPS peak binding energies. {All energies in eV with respect to E~', numbers in parenthesis
give error limit for the last digit. )

COIQ pound
fn-I

3d3~
f'n+ I

(well

screened)

AE
(fn fn+1)

3dsg2

fn+I

(well

screened)

LE
(fn fn+I)

LaPd3
CePd3
PrPd3
NdPd3
SmPd3

914.7(5)
854.0(2)
903.1(4)
953.0(2)

1004.0(2)
1109.1(2)

849.8(4)
898.7(6)
947.3(4)
998.2(4)

4.2(4)
4.4(4)
5.7(4)
5.8(4)

837.0(2)
, 884.7(4)

932.8(2)
981.5(2)

1082.4{2)

832.9(4)
880.2(6)
926.8{4)
976.3(4)

4.1(4)
4.5(4)
6.0{4)
5.2(4)

of lifetime effects ' and exchange interaction be-

tween the 3d hole and the partially filled 4f shell

in Ce-Sm. This interaction may lead to some of
the high BE shoulders observed, particularly for
Nd and Pr, but not in La which has no f dec-
trons in the initial state. (The "well-screened" con-
tribution to the La spectra has, of course, f ' in the
final state, but it seems to produce no significant
splitting of the 3d peaks. ) Ce also shows 4f"
(4f ) peaks related to the partial emptying of the

4f level but we remind the reader that its intensity
is much smaller than expected on the basis of the

f leve-l occupancy and cannot be simply related to
the ground-state f count. ' ' The separations of
the peaks are in agreement with theoretical esti-

mates, ii insofar as these exist.
The 3d&~2 peaks are shown with an expanded

scale in Fig. 2 where the contributions of well-

screened 4f"+' peaks clearly decrease from about
40% in La to about 10% in Nd and are too weak

to be unambiguously identified in SmPdi. A quan-
titative estimate of the 4f"+' contribution from
our data is not desirable because the multiplet
splitting due to 31 -4f"+' interaction must pro-
duce a tail under the stronger 3d 4f" peaks. The
form of this tail is not well known and its separa-
tion froID thc IDain peak would bc unfcllablc.

Oxidized samples also cxhlblt spectra with thc
peaks split into a well-screened and poorly screened
doublet. ' The low binding-energy (BE) peaks of
oxidized samples lie between the well and poorly
screened peaks of the E.Fd3 samples and the high
BE oxide peaks were situated to the high BE side
of the poorly screened RPd3 peaks. Thc observa-
tion of a clear separation of the well-screened and

poorly screened peaks in I.aPd3 or CePd3 is an ad-
ditional indication of sample cleanliness.

DISCUSSION
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FIG. 2. 3ds~~ XPS peaks for RPd3 aBoys.

The wave functions of lanthanide atoms in a
solid can bc I'cpI'cscntcd as X-dimensional dctcl-
minants of the single-particle wave functions
whereby it is the 4f electrons which interest us
here. Until quite recently the 4f electrons were re-
garded as core electrons with only integral occupa-
tion numbers being allowed. This was the starting
point for the idea of interconfigurational fluctua-
tions. For Ce it is now accepted that some form
of f band is possible' "' ' and it has been argued
that the f-orbital occupation (f count) varies be-
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where IIi is the ground state and is normally

nearest Pf". %z is regarded as an excited state
(without a core hole) which has mostly gf"
character, and %s has nearly f"+' character. n is

0 for La, 1 for Ce, 2 for Pr, etc. It is understood

that changes in the numbers of 6s+Sd valence

electrons are included in the g(f")
The final states after core ionization can be writ-

ten

~'=d4(f" ')+el(f")+f4(f""),
+i =d'g(f" ')+e'g(f")+f'g(f" +'),

d"P(f" ')+d——"g(f")+f-"g(f""),
(2)

where it is understood that a core hole is present in

all these states. The photoemission process in-

volves transitions from 4, to 4i, W2, or %i. If
there is no mixing of the f" states in either initial

or final states (e.g. , if a,c =0, b =1 and d f=0,
e=l) then a single peak will be observed. If we

find more than one peak we know that transitions
to alternative %' are involved. The more mixing
there is the higher the contributions of the "satel-

tween 0 and 1 depending on the chemical environ-

ment of the Ce atom. The ground state of the
atoms in a solid can be represented as a combina-
tion of f, f', and f wave functions (i.e., there is
some configuration interaction between these
states). In a general formalism which is applicable
to all the light rare earths we could write the
many-body functions as

+i aQ(f——" ')+bP(f")+cP(f"+'),

~,=u'P(f" ')+b-'P(f")+c'P(f" +'),

+3 a "f(f——" ')+b "f(f")+c"g(f"+')

lite" XPS peaks will be, although the peak ratios
are determined by all the coefficients a, b, c, d, e,
and f. Therefore, we normally cannot say that
peak ratios are directly proportional to any sub-

group of coefficients.
One factor influencing the degree of mixing of

the Pf" in either the initial or final states is the ra-
dial extension of the 4f levels and the overlap of
the 4f with other orbitals. We can say from the
general trend of the ratio of the 4f"+'.4f" peaks
that the degree of mixing decreases in the order
La& Ce& Pr& Nd& Sm. This is surely related to
the decrease in radial extension of the 4f levels

across the lanthanide series. The most important
aspect of our observations is that the mixing can-
not be totally neglected in Pr and Nd, at least for
photoelectron spectroscopy and by inference for all
spectroscopies in which the number of core hole-s

changes (e.g., x-ray adsorption and emission).
A second factor influencing mixing of the ff" is

the energy difference between the pure Pf or g'f"
configurations. A small energy difference is the
first prerequisite for mixing. The relative energies
of +&, %2, and 4'3 in the initial state, without a
core hole, are known from photoemission ' and
Bremsstrahlung Isochromat studies. In Table II
the energies of the lowest f"multiplets with
respect to the ground state are listed (for La, Pr,
Nd, and Sm the values for the elements are used).
Likewise the relative energies of %~, 4'2, and 'k3

can be derived from measurements of the satellite
energies in XPS and are also given in Table II.
The situation in initial and final states of La and
Ce is illustrated in Fig. 3, where the states have
been given widths, to illustrate the mixing of the
different ff" and hybridization with the sd-
valence band. Typical full widths at half max-

TABLE II. Energies of the lowest 4f" ' and 4f"+' levels relative to the 4f" level in the
initial and final state of XPS 3d excitations (in eV), + indicates a higher or more excited
state. The average of 3d' ' and 3d' is used where possible.

Compound
fn —1

Initial state
f(n+1)

Final state
fh+1

LaPd3
CePd3
PrPd3
NdPd3
SmPd3

-0.0'
34b
4.8b

5.1b

5.3
3.5
2.1

1.7
0.5

—4.1

—4.5
—5.9
—5.5

'Values for 8 (Ref. 35) are given. In CePd3 f"+' apparently hes1eV higher than in Ce
(Ref. 22).
From Refs. 35 and. 36 for the pure rare earths. Position not identified in RPd3.
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FIG. 3. Illustration of the relative energies of the
4f, 4f ', and 4f states for La and Ce, with (final
states) and without (initial states) a 3d core hole.

imum of the states are 0.5 —1.5 eV (Ref. 35) so
that it is not unrealistic to expect f"+' eigenfunc-
tions 5 eV above the ground state to contribute a
few percent to that ground state and this is suffi-
cient to lead to satellite peaks in XPS.

Using this formalism it is clear that in CePdi

ft(f ) and Pi(f ') are strongly mixed, which is
equivalent to saying that the f count is nonintegral
in CePds (see also Refs. 37 and 38). In LaPd&,

CePd3, PrPd3, and NdPd3 the energy separation of
the dominant f" and f"+' multiplets in the XPS
spectra is comparable in the initial and the final
states so that their mixing in the initial and the fi-
nal states must be considered on an equal footing,
i.e., they probably have similar amounts of mixing.
It is because of these configurational interactions
that core-level spectroscopies do not yield a direct
measure of the initial-state f count in the light rare
earths (see also Refs. 16, 23, and 29).

The f" ' final-state configuration has only been
directly observed for Ce compounds and is 10 eV
above the next highest configuration (see also Refs.
16, 29, and 33) so that it can be regarded as a
"pure" 3d f" ' final state (i.e., d'=1, e'=f'=0
in the expression for Wt). Thus, in the case of Ce
compounds we can say that observation of a core-
level f peak indicates a contribution of Pf to
the ground initial state. Note, however, that even

when gf is mixed into the ground state, gf may
also contribute and the f count is not necessarily
less than one. In general, estimation of the
ground-state f count from core-level spectra of Ce
compounds seems hopeless because the relative
peak intensities depend on the coefficients a, b, c,
d, e, f, d', e', f', d", e", and f" in Eqs. (1) and (2),
not just a, b, and c.

CONCLUSIONS

In this paper we have shown with the example
of XPS that screening processes can lead to large
satellites in core-level spectroscopies of Pr and Nd
compounds as well as Ce and La. The intensity in
the screened peaks is observed because of mixing
of the different 4f" configurations. On the basis
of their small energy separations, we note that
mixing of the 4f" and 4f"+' configurations in the
final state must be taken into account in any
theoretical treatment of photoelectron or absorp-
tion spectroscopies of compounds of the elements
La-Nd. However, as we do not observe significant
satellites in SmPd3, we tentatively conclude that
the f" levels are not normally mixed in the final
states (in the presence of a core hole) because of
the small radial extension of the Sm 4f level. In
principle, similar mixing is involved in the pure
rare earths, but it has a smaller magnitude. Two
important consequences arise from these observa-
tions. Firstly we can now see a trend in the mix-

ing of the f" configurations in the light rare
earths. Spectroscopic studies of heavy rare earths

apparently reproduce the ratios of f" configuration

weightings in the initial-state wave functions de-
duced from techniques probing the ground state
more directly ' (e.g., lattice constants, magnetic
properties) —mixing of the f" configurations is
negligible in heavier rare earths.

There are several techniques which probe the
ground state more directly than photoelectron
spectroscopy, such as measurements of lattice con-
stants or magnetic properties. ' The second
consequence of our observations is that we can
now rationalize why the ratios of f" configuration
weightings obtained from XPS core levels agree
with these more direct measurements for heavier
rare earths. ' This must occur because the mix-

ing of the f" configurations is negligible in the fi-
nal states for the heavier rare earths. One must, of
course, still expect complications in surface-
sensitive techniques (e.g., XPS) due to the different
properties of the surface layer. ' ' ' ' But the spec-
tra of the RPd3 compounds show the strongest ef-
fects of f"-f'"+"mixing and if the mixing is not
observed in these alloys beyond Sm, then it prob-
ably will not be important in other RE materials
beyond Sm.

The second point is that the XPS studies have
given evidence that the f orbitals of Pr and Nd in
the Pd3 alloys are not completely "inert, " and do
mix with other states. To be sure, we did choose a
series of compounds where the effect was strongest
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to investigate the effect. But there is at present no
method to deduce mixing coefficients for the f"
configurations to give a quantitative estimate of
the degree of hybridization and this clearly needs
theoretical investigation. In the absence of results
from such theoretical studies we do not know if
core-level spectroscopies are particularly sensitive
to mixing of the different f states, or if this mix-
ing plays a dominant role in the general properties
of these materials. We also suggest that where
XPS shows the mixing of f" configurations to be
strongest (e.g., in the RPd3 alloys of Nd and Pr)
measurements of the classical properties of the ma-

terials under high pressure should show anomalies
similar to those in Ce compounds.

ACKNOWLEDGMENTS

We thank Y. Baer, A. Bringer, M. Campagna,
W. Gudat, and M. Beyss for stimulating discus-
sions and comments, and M. Beyss, H. Gier, J.
Keppels, Ch. Mambor, and J. M. Welter for tech-
nical assistance. Sample characterization was done
by Ch. Freiburg, W. Linke, and E. M. Wurtz. We
also thank Professor M. Campagna for supporting
this line of research.

C. M. Varma, Rev. Mod. Phys. 48, 219 (1976).
M. Campagna, G. K. Wertheim, and E. Bucher, Struc-

ture and Bonding (Springer, Berlin, 1976},Vol. 30, p.
99.

3Valence Instabilities and Related Narrow Band I'he-
nomena, edited by R. D. Parks (Plenum, New York,
1977); J. A. Wilson, Structure and Bonding (Springer,
Berlin, 1977), Vol. 32, p. 58.

tA. Jayamaran, in Handbook of the Physics and Chernis

try of the Rare Earths, edited by K. A. Gschneidner,
Jr. and L. Eyring (North-Holland, Amsterdam, 1979),
Vol. II, p. 575.

5L. L. Hirst, J. Phys. Chem. Solids 35, 1285 (1974).
W. H. Zachariasen (unpublished) quoted in A. W.

Lawson and T. Y. Tang, Phys. Rev. 76, 301 (1949).
7L. Pauling (unpublished) quoted in A. F. Schuch and J.

H. Sturdivant, J. Chem. Phys. 18, 145 (1950}.
K. A. Gschneidner and R. Smoluchowski, J. Less-

Common. Met. 5, 374 (1963).
B. Coqblin and A. Blandin, Adv. Phys. 17, 281 (1968).
U. Kornstaedt, R. Lasser, and B. Lengeler, Phys. Rev.
B 21, 1898 (1980).
D. R. Gustafson, J. D. McNutt, and L. O. Roelling,
Phys. Rev. 183, 435 (1969);R. F. Gempsel, D. R.
Gustafson, and J. D. Willenberg, Phys. Rev. B 5,
2082 (1972).
B. Johansson, Philos. Mag. 30, 469 (1974); J. Phys. F
7, 877 (1977).
For further discussions of these problems see W. E.
Pickett, A. J. Freeman, and D. D, Koelling, Phys.
Rev. B 23, 1266 (1981);A. Bringer, in Valence I'luc-
tuations in Solids, edited by L. M. Falicov, W. Hanke,
and M. B. Maple (North-Holland, Amsterdam, 1981),
p. 397.

~4J. Wittig (private communication) and in Valence I'luc-
tuations in Solids, edited by L. M. Falicov, W. Hanke,
and M. B. Maple (North-Holland, Amsterdam, 1981),
p. 487.

5J. -N. Chazaviel, M. Campagna, G. K. Wertheim, and
P. H. Schmidt, Phys. Rev. B 14, 4586 (1978).

G. Krill, L. Abadli, M. F. Ravet, J. K. Kappler, and
A. Meyer, J. Phys. (Paris) 41, 1121 (1980); G. Krill, P.
Kappler, A. Meyer, L. Abadli, M. F. Ravet, F.
Givord, and R. Lemaire, J. Phys. F (in press).

~7W. Gudat, M. Campagna, R. Rosei, J. H. Weaver, W.
Eberhardt, F. Hulliger, and E. Kaldis, J. Appl. Phys.
(in press).
A. Platau and S. E. Karlsson, Phys. Rev. B 18, 3820
(1978).
L. I. Johansson, J. W. Allen, T. Gustafsson, I. Lindau,
and S. B. M. Hagstrom, Solid State Commun. 28, 53
(1978).
J. W. Allen, S. J. Oh, I. Lindau, J. M. Lawrence, L. I.
Johansson, and S. B. M. Hagstrom, Phys. Rev. Lett.
46, 1100 (1981).
P. Steiner, H. Hochst, and S. Hufner, J. Phys. F 7,
L145 (1977).
Y. Baer, H. R. Ott, J. C. Fuggle, and L. E. DeLong,
Phys. Rev. B 24, 5384 (1981).
J. C. Fuggle, M. Campagna, Z. Zolnierek, R. Lasser,
and A. Platau, Phys. Rev. Lett. 45, 1597 (1980).

~4A. Kotani and Y. Toyozawa, Jpn. J. Phys. 35, 1073
(1973); 35, 1082 (1973); 37, 912 (1974).
K. Schonhammer and O. Gunnarsson, Solid State
Commun. 23, 691 (1977); 26, 147 (1978); 26, 399
(1978); Z. Phys. B 30, 297 (1978).

A. Kotani, Jpn. J. Phys. 46, 488 (1979),
G. K. Wertheim and M. Campagna, Solid State Com-
mun. 26, 553 (1978).
G. Crecelius, G. K. Wertheim, and D. N. E.
Buchanan, Phys. Rev. B 18, 6519 (1978).
R. Lasser, J. C. Fuggle, M. Beyss, M. Campagna, F.
Steglich, and F. Hulliger, Physica 102B, 360 (1981).

Note that LaPd3 surfaces are extraordinarily reactive
in air and in liquids with active hydrogen, such as
H20, CH3OH Special polishing procedures are re-
quired to obtain sensible metallographic photographs.
J. C. Fuggle and S. F. Alvarado, Phys. Rev. A 22,
1615 (1980).

2N. Spector, C. Bonnelle, G. Dufour, C. K. Jorgensen,



3556 F. U. HILLEBRECHT AND J. C. FUGGLE 25

and H. Berthou, Chem. Phys. Lett. 41, 199 (1976).
J. F. Herbst and J. W. Wilkins, Phys. Rev. B 20, 2999
(1979); Phys. Rev. Lett. 4+, 1760 (1979).
A. Platau, L. I. Johansson, A. L. Hagstrom, S. E.
Karlsson, and S. B. M. Hagstrom, Surf. Sci. 63, 153
(1977); A. Platau (private communication).
J. K. Lang, Y. Baer, and P. A. Cox, J. Phys. F 11,
121 (1981) and references therein.

A. Platau, A. Callenas, and S. E. Karlsson, Solid State
Commun. 37, 829 (1981).

See, e.g., I. R. Harris, M. Norman, and W. E.

Gardner, J. Less-Common Met. 29, 299 (1972).
3 L. L. Hirst, J. Phys. Chem. Solids 35, 1285 (1974).

G. Krill, J. P. Kappler, L. Abadli, M. F. Ravet, A.
Meyer, J. Durand, A. Berrada, N. Hassanain, A.
Amanou, and J. P. Senateur, J. Phys. F 9, 143 (1979);
10, 1031 (1980); 11, 1713 (1981);Solid State Commun.
35 547 (1980);J. Phys. (Paris) 41, 1121 (1980).

~A. Bianconi, M. Campagna, and S. Stizza, Phys. Rev.
B 18, 875 (1978).

'Y. Sacr, R. Hauger, Ch. Zurcher, M. Campagna, and
G. K. Wertheim, Phys. Rev. B 18, 4433 (1978).


