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High-field-magnetization, magnetic-susceptibility, specific-heat, electrical-resistivity, lattice-
parameter, L»& x-ray absorption spectroscopy, and x-ray-absorption near-edge spectroscopy measure-
ments are discussed for Ce(Pd& „M ) (M =Ni, Rh, and Ag) pseudoternary alloys. The Pd substitution

by a holelike metal (Ni and Rh) induces the demagnetization of the Ce atom by two different rnecha-
nisms: electronic concentration variation (AZ, for M =Rh) and volume reduction (AV, for M =Ni).
The Pd substitution by an electronlike metal (Ag) induces drastic changes in the magnetic structure with

only a 2 at. % impurity. The experimental results indicate: (i) a continuous transformation from a fer-
romagnetic (F) to a nonmagnetic (NM) ground state induced by the hZ variation and (ii) a drastic trans-
formation from F to NM, by the hV change at a certain critical concentration. The ferromagnetic-to-
antiferromagnetic transition induced by Ag is described as due to the variation of the charge screening at
the nonmagnetic site.

I. ImROOUCTIOW

The competition between the quenching of the local
magnetic moments and the intersite magnetic interaction
in Ce compounds has attracted the interest of experimen-
tal and theoretical researchers for more than a decade. '

It was well established that the two mechanisms compete
in the formation of the ground state with their respective
energy scales: k~Tx (Tz known as the Kondo tempera-
ture) and IC~Tz [identified with the Ruderman-Kittel-
Kasuya- Yosida (RKKY) interaction]. Both characteris-
tic temperatures can be expressed in terms of the i5J

~

pa-
rameter (where 5 is the density of the conduction states at
the Fermi energy and J the exchange interaction). Their
respective functional dependencies are given by
Tx. -exp( —1/i5Ji) and Tz —~5J

~
. As it is well known,

for small values of ~5J ~: T~ ) Tz and the system tends to
order magnetically (at To), while for large values of i5Ji:
Tz ) Tz and it becomes nonmagnetic. For intermediate
values, a maximum in To was predicted and observed.
Here TD=Tc (Curie) or T~ (Neel) temperature, depend-
ing on the nature of the magnetic order: ferromagnetic
(F) or antiferromagnetic (AF).

The experimental results have a good qualitative
description within this framework, once the strict pro-
portionality between the theoretical parameter ~5Ji and
the experimental one (for example, the Ce-ligand substi-
tution) is skipped. Though there is no way for a direct or
quantitative evaluation of i5Ji, its empirical correlation
with the chemical potential (the experimental driving pa-
rameter) is remarkable.

Within the Ce-binary compounds, in the cases where
the Ce-ligand substitution was made with an isoelectronic
element [for example in Ce(Pt, Ni) (Ref. 4), Ce(Pd, Ni)
(Ref. 5), or Ce(Si,Ge)z (Ref. 6)], maxima in To were ob-

served. Here, the main effect is the change in the cell
volume 6V, as in CeAg under pressure where also a max-
imum in To is observed at P =0.7 GPa. However, when
the substitution was made with an element of similar
volume but different electronic concentration (b,Z) [for
example in Ce(Pd, Rh) (Ref. 8), Ce(In, Sn)3 (Ref. 9), or
CeSi (1.8(x (1.9) (Ref. 10)], To decreases continuous-
ly. There is another variable to be taken into account
within the last case, that is the Ce-ligand substitution by
an element of different electronic character (i.e., the hole-
like Pd by the electronlike element Ag) such as in
Ce(Pd, Ag), "which may change the sign of the exchange
interaction though not necessarily its intensity.

From these experimental evidences the question arises
whether the maximum of To, observed in some Ce sys-
tems is intrinsic to the Tz —Tz competition, as proposed
by the theory, or not. ' One can also ask whether the
changes of the chemical potential, driven by volume
(5V) or electronic concentration (hZ) are actually
equivalent. In other words, starting at the same ~5J~
value, should they produce the same effect?

With the aim to provide experimental information for
a better understanding of these different behaviors, we
have carried further measurements on the Ce(Pd, „M„)
pseudoternary system, where M =Rh, Ni, and Ag. The
stoichiometric compounds, CePd, CeNi, and CeRh and
their respective alloys, crystallize with the CrB-type
structure, ' while in the case of Ce(Pd, Ag) such a struc-
ture is kept almost up to 20% of Pd substitution by Ag.
The CePd compound is a ferromagnet, with Tz =6.5 K,
while CeNi and CeRh show the characteristic behavior of
intermediate valent systems in their respective thermal,
magnetic, and structural properties. ' We point out that
Pd and Ni can be considered isoelectronic (holelike) ele-
ments, while Rh-Pd-Ag have similar volume with
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FIG. 1. hV and AZ variation illustrated from the Periodic
Table of the elements.

II. EXPERIMENTAL AND RESULTS

The sample preparation procedure and the expenmen-
tal details were discussed elsewhere. '

A. Magnetic properties

different electronic concentration. Within the same crys-
talline structure and performing continuous solutions,
these systems allow the study of the above described
cases, providing a detailed comparison among them: (i)
Pd~Ni, volume effect, b, V, (ii) Pd~Rh, electronic con-

Pd~A,
holelike~electronlike effect. These variations are
represented in Fig. 1 in the Periodic Table. The compar-
ison between the 5V and AZ effects in this family of com-
pounds is given by the fact that both systems, Ce(Pd, Ni)
and Ce(Pd, Rh), have the same "matrix" compound,
CePd, to which only one value of ~5J

~
can be attributed.

In the present work, the already known thermodynamic
(magnetization and specific heat), transport (electrica
resistivity) and structural (lattice parameters) measure-
ments on the mentioned compounds are compared and
complemented by x-ray-absorption spectroscopy at the
L&&&-Ce edge.

the do not affect the F character of the system up toey on
x =x(0), where Tc +0—[x(0)=0.92 for Ni and =0.65
for Rh], while only 2 at. % of the electron-like Ag in-
duces a different magnetic state with AF characteristics
[i.e., a maximum in the susceptibility (g,„) as a function
of I]. Only Ni substituent produces a maximum of
Tc(x), while Rh only depresses Tc. On the Ag side T~
has a completely different concentration dependence.
The same behavior was observed by substituting ytin Pd b
Cu or Au. 11

I F' 3 we show the Curie-Weiss paramagnetic tem-
b-perature, 0 (x), dependence. Here both, Ni and Rh, su-

stituents increase
~ 8~ ~, as expected from systems that un-

dergo a magnetic-to-nonmagnetic transformation. The
exponential increase of 9~(x) will be discussed later. In
the case of the Ag substituent, no significative changes in
Op(x) are observed within the small x variation studied
here. However, it is noteworthy that at low temperatures
the 10% at. Ag sample shows a positive value of 0 =1.6
K, suggesting a non-simple-ordered state below T&.

Concerning the magnetization at 4.2 K, we show in
Fig. 4(a) the Arrot plot, (i.e., M vs H/M) of Ce(Pd, Ni),
in Fig. 4(b) that of Ce(Pd, Rh) and in Fig. 4(c) that of
Ce(Pd, Ag). The strong F character of Ce(Pd, Ni) is clear-
ly shown for x (x(0), in the linear M vs H/M depen-
dence to low H/M values. On the contrary, the Rh
reduces the F character (which is already weakened in
the CePd matrix). The experimental values are listed in
Table I.

The A substituent slightly reduces the Mo moment,e g
~ ~ ~

however, the presence of a critical magnetic field a
H =1.1 T is observed. Figure 5 resumes the Mo(x)
de endence, extracted from the extrapolation o

C
f the

linear portion in magnetic fields larger t an, w ic
epen en

10 T which
reflects the F to intermediate valent (IV) ground-state
(GS) transformation on the Ni and Rh-rich side, but does
not indicate significative changes on the Ag one, despite
of the F-AF transformation.

The comparison of the ordering temperature as a func-
tion of the Pd substitution is given in Fig. 2, where a
clear difference is seen depending on the nature of the
substituent. Though the holelike substituents change Tc,

B. Thermal properties

A detailed report on the specific heat of the systems at
hand is given in Refs. 5, 8, and 12. The comparison
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FIT&. 2. Ordering temperatures of Ce(Pd, Ni) (o ), Ce(P,Pd Rh)
(A), and Ce(Pd, Ag) (G) as a function of Pd substitution. The
lines are a guide for the eye.

FIG. 3. Paramagnetic Curie-Weiss temperatures of
Ce(Pd, Ni) ( o ), Ce(Pd, Rh) ( A ), and Ce(Pd, Ag) (H) as a function
of Pd substitution. The lines are a guide for the eye.
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among them is done in Fig. 6 in a AC/T vs T plot, where
AC denotes the phonon subtraction. The temperature
dependence of the entropy gain, AS( T), is shown in Fig.
7. The compounds with similar substitution, 50% of Ni
and 60% of Rh, clearly show their difference in the hy-
bridization effect. At such a concentration the Ce(Pd, Ni)
system still have a magnetic CxS, while the Ce(Pd, Rh) has
developed a mixed valent GS. This difference can be
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FIG. 5. Extrapolated zero-field magnetization, Mo, at 4.2 K

of Ce(Pd, Ni) ( 0 ), Ce(Pd, Rh) (A ), and Ce(Pd, Ag) (V).
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quanti6ed in terms of the expected entropy gain for a
doublet GS: AS=R ln2. At the ordering temperature
Tc, Ce(Pd, Ni) has gained 90% of the total entropy, while

Ce(Pd, Rh) only 40%. Indeed for a Ni concentration
close to x(0) (i.e., x =0.9) the AS(T) behavior can be
compared qualitatively with that of Rho 6. The nonzero
slope of AS(T) of Ce(Pd05Ni05) above Tc suggest that
some hybridization effect is also present in this com-
pound, in agreement with the y LT

=21 m J/mol K
coeScient observed at very low temperature.

In the case of Ag (not shown in the figure) the AS( T)
dependence is similar to that of the low Ni concentration.
The excited crystal fields (CF's) levels are not taken into
account due to the large splitting (about 200 K, Ref. 5).
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FIG. 6. Temperature dependence of the specific heat of the
Ce(Pd& M„) eon.pounds in a hC/T-vs-T plot, where hC
denotes the phonon subtraction.
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TABLE I. Magnetic, thermal, transport, and spectroscopic parameters, which characterize the Ce(Pdl „M„)compounds, M =Ni
and Rh.

CePd

Tc
(K)

6.6 0.82

AS(T )

(R ln2)
y

(mJ/mol K )

60' 14

max

(K)

280

(valence)

3.035

M=Ni, x =
0.3
0.5
0.8
0.9
0.92
1

9.5
10.3
10.2
8.4
6.3
0

28
42
78
77

200

0.74
0.70
0.42
0.1

0.05
0

0.9

0.19
0.11

21

170
160
60

10
38

22
45
65
57
50

130
75
65
70

120

3.05
3.055
3.06
3.085

3.10

M=Rh, x =
0.25
0.5
0.6
0.8
0.85
0.9
1

6.0
4.9
2.7
0
0
0
0

24
26
37
93

180
340

& 400

0.80
0.47
(0.1

0
0
0
0

0.54 177

12.5

32
54

40
13
0

30
44

45
26
13

80
50

70
2OO

240

3.04
3.07
3.08
3.125

3.14
3.165

'High temperature ( T & Tc ).

C. Transport properties

The temperature dependence of the electrical resistivi-
ty after phonon subtraction, bp, are shown in Fig. 8(a)

0.6

p, 4
&3
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0 40

FIG. 7. Temperature dependence of the entropy gain,
Ce(Pd, Ni): continuous line and Ce(Pd, Rh): dashed line.

Another interesting comparison can be done between
the b,S ( T) behavior of CeNi and CeRh. While in the last
case a linear increase of b,S is observed (b,S=y T, with a
very low value of y = 12.5 mJ/mol K, as is expected for
a typical Ce-IV system with a sixfold degenerated GS, see
Ref. 13), in the case of CeNi a change in the b,S ( T) slope
is observed at about 40 K.' This fact denounces CeNi as
not fully IV because the CF levels are not completely de-
generated. The magnetic susceptibility studies on CeNi
under pressure confirm this conclusion by showing a fur-
ther transition to the full IV state. ' The detailed experi-
mental values are given in Table I.

for Ce(Pd, „Ni, ) Ref. (5) and in Fig. 8(b) for
Ce(Pd, Rh„) (Ref. 8). The magnetic compounds CePd,
Ce(Pd, Ag), and Ce(Pdo5Nio~) show the characteristic
drop below the ordering temperature. In Ce(Pdo &Nio z),
however, a maximum in hp is observed at high tempera-
ture, indicating the onset of hybridization effects on the
CF excited levels. Near the x(0) Ni concentration, the
b,p(T) slope is strongly positive at low temperature due
to the dominant hybridization effect on the CF excited
levels. Indeed, an unexpected linear hp vs T dependence
is observed up to 25 K. On the contrary in the case of
Ce(Pd, Rh), the hybridization efFects on both the CxS and
excited levels are put in evidence by the negative slope of
hp( T) at T ~ Tc and at high temperature (T)T,„,T,„being the temperature of bp,„).

At the IV limit (i.e., CeNi and CeRh) a unique broad
maximum is shifted to high temperatures. The compar-
ison of the b p( T) data between Ce(Pd, Ni) and Ce(Pd, Rh)
can be attempted by comparing some characteristic
values of this parameter. We have extracted among them
(see Fig. 9) (i) bpo, which is the residual paramagnetic
resistivity or, eventually, b p( T, ) for those alloys that or-
der magnetically, (ii) b,p,„,which is the maximum value
of b p( T) at (iii) T=T,„,and finally (iv) T;„is the "rel-
ative minimum" of b,p(T) between the hp, „due to the
hybridized ground and CF excited states. Because of the
intrinsic indetermination in their absolute values, these
parameters (listed in Table I) have to be taken as a com-
parative and qualitative information.

The first difference emerging from Fig. 9, between the
systems at hand, concerns the values of x at which the
respective extrema of the parameters are observed. In
agreement with the other physical properties, Apo, hp „,
and T,„show extreme values at x =0.9 for Ce(Pd, Ni)
and at x =0.6 for Ce(Pd, Rh). Other subtle diff'erences
are given by (a) the relative values of b po [or b,p( Tc )] and
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bp, „; while in Ce(Pd, Ni) the bp, „value is larger than
bpo, the inverse occurs for Ce(Pd, Rh). This feature
rejects the fact that in the first case there is no detectable
hybridization effect on its GS, while it is significative in
the second one. Note that, as the system becomes IV, for
large x(Ni) values, only hp, „ is preserved, as the system

60—(a

50—

40—

becomes IV. (b) T;„is only observed in Ce(Pd, Rh) at in-
termediate x values, where the hybridization strength is
still smaller than the CF splitting. The apparent absence
of such hybridization of the Ce(Pd, Ni) GS avoids the
bp( T;„)formation.

From this comparative analysis of the transport prop-
erties we can extract that here the excited CF levels show
hybridization effects at any "x" value, while the GS
behaves in a different way depending on the 6 V or AZ
effect. In the first case (Ni substituent) the onset of the
GS hybridization coincides with the mixing with the CF
levels, due to the fact that the width of the excited CF
level overcomes the CF splitting. In the second case (Rh
substituent) the hybridization of the ground and excited
levels rises independently, overlapping themselves when
the system becomes IV.

D. Structural properties
E
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The volume of the unit cell Vc changes with x as
shown in Fig. 10, putting in evidence some intrinsic
differences between the Ni or Rh as substituents. Though
in both cases Vc decreases with x, the Vc(x) dependence
is essentially different. In the case of Ce(Pd, Ni), Vc(x)
follows the Vegrad's law up to a critical concentration
(x„),above which Vc practically collapses as the hybrid-
ization strength increases. On the contrary, in
Ce(Pd, Rh), V, (x) decreases faster than an estimated
Vegard's law Isee the Vc(x =1) extrapolation to an hy-
pothetical Ce +Rh compound in Fig. 10]. For x)x„
the Vc(x) slope increases, but only gradually. The most
striking feature comes out from that, regardless of the
fact that the Ni atomic volume is 20%%uo smaller than that
of Rh, for x &x„ the d Vc/dx slope is smaller for
Ce(Pd, Ni) than for Ce(Pd, Rh). Therefore, the obvious
conclusion is that the hybridization effect is present as

20
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50+ 200

I ) I
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p
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X

FICx. 8. (a) Temperature dependence of the electrical resis-
tivity after phonon subtraction of Ce(Pd& Ni ). (b) Tempera-
ture dependence of the electrical resistivity after phonon sub-
traction of Ce(Pd& Rh„).

FICr. 9. Pd substitution dependence of the residual resistance
Apo(X), of the resistivity maximum Ap, „(+), the temperature
of the maximum T,„(h) and minimum T;„(V') of the resistivi-
ty.
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FIG. 12. Concentration variation of the valence in Ce(Pd, Ni)
and Ce(Pd, Rh) ~ The arrows indicate the respective critical con-
centrations.

FIGo 10. Volume of the unit cell ( V, ) as a function of the Pd
substitution. Ce'+Rh and Ce'+Ni represent the calculated V&

value for those hypothetical compounds.

soon as Rh substitutes Pd, while in the case of Ni it
occurs only approaching the x„value.

The V, (x) variation of Ce(Pd, Ag) is also shown in Fig.
10. Here a Vegard-type behavior can be inferred by ex-
trapolating Vc(x = 1) to four times the V, value of the
bcc-CeAg compound (notice that the unit cell of the
CrB-type structure contains four formula units, ' while
the CsC1 one contains only one).

E. Spectroscopic measurements

The 1.», absorption edges provide useful information
about the Ce valence v in these compounds. The L, &&I

edges of CeNi and CeRh at 40 and 300 K are reported in
Fig. 11 together with their thermal variation. It can be
seen that the amplitude of variation of v is small
(b,v(0.04) but quite significative. As discussed in Ref.
17, these variations are directly related to the characteris-
tic energy scale of these systems, and in reasonable agree-
ment with the one-impurity Anderson model. By com-
parison the Ce valence in CePd is close to 3, as expected,

and temperature independent within our resolution
(+0.02).

The comparison between the concentration variation
v(x) for Ce(Pd, Ni) and Ce(Pd, Rh) systems is given in Fig.
12. In agreement with the other experiments, the valence
transition is more abrupt in the first case. It is remark-
able that the change of slope in the v(x ) variation corre-
lates better with the variation of 8~ (Fig. 3), rather than
with the disappearance of the magnetic order. This
points out the role of hybridization effects in these sys-
tems. The v(x) values are listed in Table I.

Important information can be obtained also from the
x-ray-absorption near-edge structures (XANES) oscilla-
tions in the energy range 20—100 eV after the main line.
Figure 13 shows that the CePdo &Nio 4 alloy still presents
the characteristic XANES features of the parent com-
pounds CeNi and CePd. It has been demonstrated that
the XANES oscillations are connected with the neighbor
distances (d) from the Ce atoms by taking the usual
correction of the energy scale (AR) as a function of d:
AEd =cte. ' By analogy, with these previous studies
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FIG. 11. L»&-Ce edge in (a) CeNi and (b) CeRh, at 40 and 300
K. Insets: thermal variation of the valence.

FIG. 13. XANES oscillations in the energy range of 20—100
eV after the edge for CePd, CeNi, and Ce(Pdo, Nio, ). See the
test for the fit.



EFFECTS OF VOLUME AND ELECTRONIC CONCENTRATION. . . 3753

CePd 0.5 Centi

3.0

2.9

30—

2.9

2.8
CePd

I

0.5 CeRh

FIG. 14. Interatomic distances extracted from the XANES
analysis (full symbols) and from crystallographic determination
(open symbols). The arrows indicate the calculated d(Ce +Ni)
and d(Ce +Rh).

III. DISCUSSION

From these experimental results it becomes evident
that the volume and the electronic concentration effects
on the valence evolution of Ce are essentially different in
the compounds under study. The structural pressure
produced by the substitution of Pd (with a Goldschmidt
atomic radius r = 1.37 A) by a smaller atom is effective at

and using the XANES spectra of CePd and CeNi (CeRh)
as references, the local interatomic distances d(Ce-Pd)
and d(Ce-Ni) [d(Ce-Rh)] can be directly extracted from a
fit of experimental data for the system CePd, Ni
(CePd, Rh ). It should be noted that the Ce neighbor-
hood in the actual crystallographic structure is rather
complex and the Ce-M distances reported here represent
an average on the first shells. An example of a fit is
represented as a full line in Fig. 13 and the corresponding
interatomic distances are reported in Fig. 14. In both
cases, Ce-Pd distances remains nearly constant, suggest-
ing that the most important part of the substitution
effect is localized at the Ce-M contacts (M =Ni or Rh).
The two systems behave differently from this point of
view: The interatomic distance d(Ce-Ni) in CePd, „Ni„
alloys varies rapidly for 0.8&x &1, in agreement with
the rapid disappearance of the magnetic ground state and
the evolution of lattice constant, Ce valence, etc. On the
other side, when x decreases toward zero, d(Ce-Ni)
reaches slowly the expected value for d(Ce +-Ni). On the
other hand, in the Ce(Pd, Rh) system, d(Ce-Rh) varies
linearly with x and extrapolates toward a value
significantly lower (=-0.05 A) than d(Ce +-Rh). This ob-
servation is in agreement with the observation that hy-
bridization effects are already present for low Rh concen-
trations.

0

large Ni concentration (for Ni, r =1.27 A). This is due
to the fact that the crystal structure is mainly supported
by the large (Pd) atoms and therefore the Ce-Pd contacts
are stronger than the Ce-Ni ones. Only at high Ni con-
centration the Ce-Ni contacts become efficient for induc-
ing the instability in the Ce + magnetic ground state. At
that point the system collapses into the IV configuration.
At intermediate Ni concentration, the mean Ce-Ce dis-
tance is reduced anyway, increasing the ordering temper-
ature, as expected for a RKKY-type interaction and,
after going through a maximum, Tc decreases drastical-
ly. Within such a picture, the maximum in Tc represents
the x value for which the maximum shortening of the
Ce-Ce distance is reached before the Ce-Ni contacts be-
come able to turn off efficiently the hybridization mecha-
nism. Noteworthy is the fact that from resistivity mea-
surements the GS appears not to be affected by the hy-
bridization, while the excited CF levels show such effect.

On the other hand, the "electronic concentration"
changes produced by Rh (with r =1.34 A) immediately
induce hybridization effects in the ground and CF excited
states. The Ce(Pd, Rh) system looks more homogeneous
from the structural point of view, because (due to the
similar Pd and Rh size) both Ce-Pd and Ce-Rh contacts
are equally possible. Here the shortening of the Ce-Ce
distance is not due to the difference in size of the Ce-
ligand but to the actual reduction of the Ce volume itself
because of the valence increase. Such a reduction of the
Ce volume is connected with the hybridization of the Ce-
GS, which has started already with low Rh concentra-
tion, and therefore no maximum in Tc is expected in the
whole range of substitution.

As quoted in the introduction, Ce(Pd, Ni) and
Ce(Pd, Rh) have the same "matrix" compound: CePd,
but their respective behaviors are qualitatively different
depending on the driving parameter, 6 V or AZ, one con-
cludes that 5J

~

cannot be taken as a "universal" parame-
ter for comparing different systems.

Concerning the hybridization effects on the CF excited
levels in Ce(Pd, Rh), the hp(T) dependence shows that
ground and excited levels are simultaneously affected. At
present, we do not have an explanation for such a
different behavior between the Ni and Rh compounds,
but it is clear that the hybridization strength is different
for different self-states and therefore for different sym-
metries.

Finally, we attempt to check empirically the exponen-
tial dependence of Tz with ~5J~. By taking Tz as pro-
portional to ~8 ~,

' and neglecting CF effects, we have
plotted, in Fig. 15, the In~8~~ experimental values of
Ce(Pd, Ni), Ce(Pd, Rh), and Ce(Pt, Ni) (extracted from Ref.
4) vs the inverse of the concentration, defined as
(xD —x) ', simulating the Tx vs exp( —I/~5J~) equation.
The only adjustable parameter is xz, which has the same
value for the Pd-Ni and Pt-Ni substitution: x~ =1.15 and
1.03 for Pd-Rh. We have to note that the x~ value is crit-
ical for x~1, but the coincidence shown in Fig. 15
shows the validity of the proposed functionality. The os-
cillations around the straight line are probably due to the
CF levels population, which are affected by their own hy-
bridization strength.
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FIG. 15. Exponential dependence of ~0~~ on (xo —x) ', see
the text, for Pd substitution by Ni (o ), Rh (Z ), and Pt by Ni
(&).

IV. CONCLUSIONS

From this comparative study on the Ce(pd& „M )

family of compounds we can conclude the following.
(i) A maximum in To =f(

~

5J
~
) is observed when there

is a range of substitution in which the eventual (weak) hy-
bridization strength does not affect the intensity of the
GS magnetic moment. In order words, there is a thresh-
old value (at ~5J,„) for the hybridization below which
the GS magnetic properties are not affected.

(ii) b, V and b,Z are not equivalent as applied "chemical
pressure" parameters because the first one implies
different Ce-ligand spacings in different space directions

(inhomogeneity), while the crystal structure is supported
by the larger partner, and the second one induces a con-
tinuous (and homogeneous) change in the chemical po-
tential.

(iii) It is possible to distinguish between the Ce-Ce
spacing reduction originated in the 6V of the Ce-ligand
(Vegard's law) and in the Ce-volume decrease related to
its change of valence.

(iv) Concerning the comparison between the effect of
the Ce-ligand substitution by a holelike atom (Pd substi-
tution by Rh and Ni) or by an electronlike one (Ag), it is
clear that the local change of the sign of the electronic
charge of the partner breaks the spatial charge periodici-
ty, transforming the magnetic structure of the system.
This effect was confirmed by further Pd substitutions
such as by the holelike Co, Ir, and Pt, which keep the fer-
romagnetic behavior. On the other hand, the electronlike
Cu and Au transform to an antiferromagnetic behavior. "

(v) It is possible to distinguish between different hy-
bridization strengths on the GS and the CF-excited
states. However, the existence of a strongly hybridized
magnetic GS in CePdi Rh in the 0.4(x (0.65 range
remains an interesting problem.

These conclusions should be confirmed by similar stud-
ies on other Ce-ligand substituted systems before taking
them as general features. With such a purpose a wider
study including most of the known Ce systems is in pro-
gress.
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