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Abstract

The electrical and magnetic properties of a new cubic system Ln,Pd,, X, (Ln=Ce, Sm. Yb; X = Si. Ge) have been
studied. The electrical resistivity p versus temperature shows a minimum at ~ 50 K for Ce;Pd,,Si,. and at ~ 10 K for
Ce,Pd,,Ge,. Below these temperatures p(T) follows a logarithmic law down to 4.2 K. In Ce Pd,,Si, the thermal behavior
of the magnetic moment displays an antiferromagnetic anomaly at approximately 50—60 K and marked *superparamagnetic’
properties on further cooling. To explain the unusual magnetic behavior of Ce;Pd,,Si, a model of *molecular’ magnetism is
suggested for one of two cerium sublattices. Another cerium subsystem is likely to respond for Kondo anomalies. In contrast
with cerium compounds, the samarium and ytterbium homologues display normal metallic behavior with a nonmagnetic

ground state down to 4.2 K.

Kevwords: Rare-earth compounds:; Kondo effect: Crystal field effect: Static magnetic properties; Superparamagnetism

1. Introduction

Dense Kondo systems (DKS) have attracted much
attention in connection with their unusual magnetic,
heavy-fermion, superconducting and other proper-
ties. Much experimental and theoretical work has
been done on these subjects. The most important
problem in the physics of DKS is the nature of the
ground state. The competition between magnetic and
Kondo interactions was traditionally considered to
result in either a magnetic ground state with signifi-
cant full suppression of Kondo features, or in a
nonmagnetic Kondo ground state [1]. However, in
the last decade it has been found that there are many
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f-electron compounds in which magnetic ordering
coexists with Kondo anomalies [2]. Examples in-
clude the antiferromagnetics UAgCu,. U,Zn,.
UCd,,, CeAl,. CeB, and CeAgGe,. and the ferro-
magnetics CeRhB,, CeSi, (x < 1.85), CeGe,_ Si,.
Ce La,_ Ge, and Ce,Bi, [2]; these materials are
known as ‘Kondo magnetics’. Experimental evi-
dence for a ‘Kondo magnetic’ compound includes
Kondo-like thermal behavior of the electrical resis-
tivity, a reduced value of magnetic entropy at the
magnetic transition point, and a very small ordering
magnetic moment compared with that calculated from
the high-temperature Curie constant.

Many nonmagnetic DKS seem to be close to
magnetic ordering [2] because they can undergo a
magnetic transition either under pressure, e.g. UB |,
[3], or after a minor change in composition, ¢.g.
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CeSi, [4]. From this point of view, the recently
synthesized [5] system Ce;Pd, X, (X = Si, Ge) and
related compounds Ln,Pd,,Si; with Ln=Sm, Yb
offer the promise of convenient subjects for study.
These compounds have a cubic structure which is
only little affected by the replacement of Ln or X
atoms. Besides, the Ce atoms occupy two non-equiv-
alent positions with different local environments. In
this case, the coexistence of different kinds of ground
state (e.g. Kondo and magnetic) can be expected, as
has been reported for CesRh, [6].

This paper describes detailed experimental studies
of some of the magnetic and transport properties of
Ln;Pd,, X, with Ln = Ce, Sm, Yb and X = Si, Ge.
Preliminary results were presented at SCTE-11
(Wroclaw, 1994) [7].

2. Experimental details

Polycrystalline samples of Ln;Pd,;X, com-
pounds were prepared using a melting technique in
an arc furnace in an argon atmosphere followed by
long-term annealing [5]. The crystal structures of
these compounds were determined by diffraction
measurements [5]. X-ray analysis confirmed the ab-
sence of any additional phases within experimental
accuracy (5%).

The electrical resistivity was measured in the
temperature range 4.2-200 K by a conventional dc
four-probe technique using a Solartron 7081 preci-
sion voltmeter. Spot-welded copper contacts were
used. The sample temperature was controlled by a
germanium thermometer to an accuracy of 0.1 K.

The static magnetic moments M(T) were mea-
sured using a vibrating sample magnetometer PARC-
M-155 at temperatures 4.2—-200 K and in magnetic
fields up to 7000 Oe. The lowest measurable mag-
netic moment was 1077 emu.

3. Results
3.1. Electrical resistivity

Fig. 1 shows the temperature dependence of the
electrical resistivity p(T) for Ce,Pd,,Ge, and
Ce,Pd,,Si,. The variation in p versus T for
Ce,Pd,;Si, exhibits a broad minimum at the temper-
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Fig. 1. Temperature dependence of the dc electrical resistivity for

Ce;Pd,Ge, {a) and Ce;Pd,;Si, (b). Solid lines: the ‘magnetic’

contribution to the resistivity p after subtracting the phonon

contribution.

ature T, = 50 K. Below T, down to 4.2 K the
resistivity gradually increases. A similar thermal be-
havior of the resistivity was found for Ce,Pd,,Ge,.
However, in the latter compound p(7) shows a
minimum at 7, = 10 K. It is important to note that
below the corresponding 7., the thermal variation
of the resistivity can be well approximated by a
logarithmic law [8]. This temperature behavior of the
resistivity indicates the possibility of the Kondo ef-
fect in Ce,Pd,,Si, and Ce,Pd,,Ge,.

At high temperatures the resistivity versus tem-
perature p(T) increases more linearly in Ce,Pd,,Si,
than in Ce,Pd,,Ge,. Moreover, in the latter com-
pound the p(T) curve takes a shape of an arc in the
temperature range 25-200 K (Fig. 1).

For Ce compounds the phonon contribution p,,
was subtracted from p(7) by means of the procedure
described in Ref. [9]. To do this, the Debye tempera-
tures T, for the Ce,Pd, X, (X=Si, Ge) com-
pounds were estimated using Lindemann’s formula
[10]:

Iy= B\'ffﬁ Dy A0, (1)

where T, is the melting temperature, D is the mass
density, A is the average atomic weight, and B = 120
is a numerical factor. The parameters and calculated
values of T required for the estimation (1) are
presented in Table 1.

The solid lines in Fig. 1 represent the electrical
resistivity versus temperature after the subtraction of
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Table 1

Lattice parameter @, mass density D, melting temperature Ty [5]
and Debye temperature T, (Eq. (1)) for Ce;Pd,,Ge, and
CePd,Sig

Compound a D, T Ty T
(A) (g/emd (K} (K) K
Ce Pd,Ge, 12.4453(4) 10281(1) 1463 189 ~10

Ce,Pd,pSig  12.161(1)  1003(2) 1553 211  ~50

the phonon contribution. Note that in Ce,Pd,;Si,,
the difference Ap=p —p,;, is independent of tem-
perature above 7. . while in Ce,Pd,,Ge, Ap
demonstrates strong thermal variation. The character-
istic arc shape of Ap(T) suggests marked crystal
field splitting [11,12].

In the Sm,Pd,;Si; and Yb;Pd,;Si, compounds
the resistivity falls monotonically with decreasing
temperature down to 4.2 K (Fig. 2). No anomalies
were observed, except for a minor curvature in the
p(T) curve for Sm,Pd,,Si, in the temperature range
25-200 K.

3.2. Magnetic measurements

Fig. 3 shows the temperature dependence of the
static molar magnetic moment M(T) of the
Ce,Pd,,Ge(Si), compounds. The data correspond to
an applied magnetic field H, = 500 Oe. In
Ce,Pd,,Ge, the magnetic moment versus 7" demon-
strates modified Curie—Weiss behavior at all temper-
atures. The Curie constant C, the Weiss constant 6
and the temperature-independent susceptibility ¥,
were estimated in order to obtain the best fit to the
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Fig. 2. Temperature dependence of the dc electrical resistivity for
Sm;Pd,,Siy and Yb,;Pd,,Si, compounds.
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Fig. 3. Temperature dependence of the static molar magnetic
moment for Ce;Pd,Si, and Ce;Pd,,Ge, compounds with H, =
500 Oe. Solid lines: results of the modified Curie—Weiss law
fitting (see text).

measured data using the formula for the modified
Curie~-Weiss law:

M C 5
=— =y, +——.
X H Xo T— 8 (2)
The effective magnetic moment u was calculated

from the Curie constant C as follows

3kg
Mert = TC’ (3)
where N =3 XN, is the number of Ce atoms per
mole in CeyPd,,Ge(Si)s. The results of this fitting
procedure are shown in Table 2. The reduced value
of u.s may indicate a more significant CEF splitting
of Ce** in Ce,Pd,,Ge, in comparison with that in
Ce,Pd,,Si,.

The thermal variation of the magnetic moment of
Ce,Pd,;Si; can be assimilated to the Curie—Weiss
law only at high temperatures 7> 100 K (Fig. 3).
Near 60 K the M(T) curve exhibits a pronounced
anomaly characteristic of magnetic ordering. The
existence of the magnetic transition in Ce;Pd,,Si, is
also confirmed by the unusual field dependence of
the magnetic moment. In the case of H, = 500 Oe, at
all temperatures the magnetic moment of Ce,Pd,,Si,
is much higher than that of Ce,Pd,,Ge,. Fig. 4
shows the temperature dependence M(T) for the
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Table 2

187

Curie constant C, Weiss constant ), the temperature-independent susceptibility y,. and the effective magnetic moment p . at various

applied magnetic fields H,

Compound H, (Oe) C (em* - K /mol) 6 (K) Xo (cm? /mol) i ( pg/Ce atom)
Ce+Pd,,Ge, 500 0.7 I 53x 107* 15
Ce+Pd,,Ge, 4000 10 3 53% 107 1.6
CexPdSig 500 1.5 - 91 x 107" 2.0

Ce,Pd,,Ge(Si), compounds at H, = 4000 Oe. Be-
low ~ 50 K the magnetic moment of Ce,Pd,,Si, is
clearly less than that of Ce,;Pd,,Ge,. With an in-
crease in H, from 500 to 4000 Oe leads to a drastic
fall in the magnetic susceptibility of Ce;Pd,;Sig
below ~ 350 K, whereas the M(T) curves for
Ce;Pd,,Ge, do not demonstrate an evident field
dependence (Figs. 3 and 4, Table 2).

Fig. 5 shows the magnetic moment versus applied
magnetic field for Ce,Pd, X, (X = Ge, Si) at vari-
ous temperatures. The M(H) curves for Ce,Pd,Ge,
are linear at all temperatures. In contrast, there is a
marked transformation from very nonlinear to linear
behavior of M(H) near 60 K in Ce;Pd,,Si,. Thus,
both the temperature and field dependence of the
magnetic moment indicate a transition to a magneti-
cally ordered state in Ce,Pd,,Si, at about 50-60 K.
In the following we discuss the nature of this transi-
tion.
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Fig. 4. Temperature dependence of the static molar magnetic
moment for Ce;Pd,,Sig and Ce;Pd,,Gey compounds with H, =
4000 Oe. Solid line: results of the modified Curie—Weiss law
fitting (see text).

3.3. Model of ‘molecular’ magnetism in Ce; Pd,,Si,

The magnetic transition in Ce;Pd,,Si, does not
seem to be of ferromagnetic type. First, the total
molar magnetic moment below the anomaly tempera-
ture ~ 50-60 K is too small in comparison with the
paramagnetic state (Figs. 3-5). Second, the field H,
at which the magnetization M(H) curves becomes
linear is too high for ferromagnetics. Indeed, it can
be seen from Fig. 5(b) that H, = 1500-2000 Oe. As
a rule, in isotropic ferrromagnetics the linear increase
in the magnetic moment starts at fields of about 107
Oe [13]. On the other hand, the magnetization behav-
ior of Ce,Pd,,Si, is untypical of antiferromagnetics,
since they are characterized by a linear M(H) de-
pendence up to quite high fields (=5 X 10° Oe)
f14].

Similar behavior of the magnetic moment versus
both T and H, has been observed in antiferromag-
netic semiconductors EuTe(Se) [15], as well as in
v-FeCrNi alloys [16]. These materials, which on the
whole are characterized by antiferromagnetic order-
ing, contain small ferromagnetic regions with large
total effective magnetic moments (>40 pg). A
marked feature of these ‘mixed antiferro—ferromag-
netic’ compounds is the paramagnetic-like behavior
of the magnetization, characterized by a relatively
low magnetic saturation field (~ 1500-2000 Oe).
Such behavior can be explained [17] within the
model of noninteracting paramagnetic centers with
the effective magnetic moment greatly exceeding
that for single ions. This peculiarity has become
known as the phenomenon of ‘superparamagnetism’
[18,19]. In y-FeCrNi, ferromagnetic regions are clus-
ters rich in Ni atoms, and in EuTe(Se) these are the
sites of an auto-localization of conduction electrons.

There is one evident difference between the mag-
netic behavior described in Refs. [15,16] and in our
work. In the former, the antiferromagnetic and ferro-
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Fig. 5. Magnetization curves for Ce;Pd,,Ge, (a) and Ce;Pd,,Si, (b) compounds at various temperatures.

magnetic transitions occurred at markedly different
temperatures 7, and T, respectively. For example,
in EuTe the characteristic temperatures were T, =7
K and T =40 K, so that the antiferro- and ferro-
magnetism in these systems seem to be quite inde-
pendent. In Ce,Pd,;Si,, in contrast, the tempera-
tures of the anomaly in M(T) and the occurrence of
nonlinearity of M(H) are very close. This indicates
that this antiferromagnetic ordering is related to the
formation of ‘superparamagnetic units’.

Is there anything in the crystal structure of
Ce,Pd,,Si, that could assume the role of some
‘superparamagnetic unit’? The crystal structure of
Ce,Pd,,Ge(Si), can be considered as a superstruc-
ture of Cr,,C, [5]. Both compounds belong to the
cubic system corresponding to space group Fm3m.
The projection of the Ce,Pd,,Ge(Si), structure onto
the ab plane is shown in Fig. 6. Only the cerium
positions are shown because the total number of
atoms per unit cell is quite large (116). The sites of
Cel form a face-centered ‘large’ cube with other
atoms of the cell inside. Eight atoms of Ce2 make up
a ‘small’ cube with only Pd atoms inside. The
coordination polyhedra of the Cel atoms consist of
12 Pd atoms in the case of Ce;Pd,;Ge,, and include
six additional nearest Si atoms in the Ce;Pd,,Sig

crystal structure. The Ce2 coordination polyhedra,
including 16 Pd atoms, are identical in both com-
pounds.

A careful look at Fig. 6 allows us to select a
‘small’ cube of eight Ce2 atoms as a possible candi-
date for the ‘superparamagnetic unit’. If the mag-
netic interactions between eight ions inside this cube
are strongest, it could be considered as a ‘molecule’

2 Cel, z=1/2
Ce2, z=1/4; 3/4

Fig. 6. Projection of Ce;Pd,,Ge, crystal structure onto the ab
plane. Only the Ce positions [5] are shown. Solid line: boundary
of the unit cell; dashed lines: ‘small’ Ce2 cubes inside ‘large’ Cel
cubes.
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with an effective magnetic moment that increases on
cooling. In the following we examine a model of
such ‘molecule’.

There is a group of n equivalent localized mag-
netic moments u = uygs, where g is the Landé
factor, wp is the Bohr magneton, and n is an even
number. These spins are bound by isotropic ex-
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Fig. 7. Schemes of energy levels (in relative units) for the model
of a magnetic ‘molecule’, formed by » spins s linked by isotropic
exchange interactions (n=38, s=5/2 and s=1/2). Inset: tem-
perature dependence of the effective magnetic moment (Egs. (3).
(8) and (9)) for different values of s and the exchange interaction
constant A.

change interactions and placed in the external mag-
netic field H,,. The Hamiltonian of the system is

H=H +H,, (4)
where
" n R n
Hex = Z AS[Sm, H: == Z Mg gSH()'
I=l.m=1 i=1
l#m
(5)
If Az < I-flex, the perturbation theory can be applied.

It is clear that in the case of a positive exchange
constant A (A > 0, ferromagnetic case), the ground
level of this system corresponds to a maximum total
spin

Se=8 T8+ o F8,  +8,, Somay =15
(6)
Indeed, I;Iex can be transformed to
Y A “ 2 2
A= =2 L [Sh-st-si =5, =5l
i=1
A
= _?[SIOI(SIOI_’_1)_ns(s+1)]‘ (7)

The steady states of Eq. (7) may be characterized by
the value of the total spin number S, only. The
corresponding energies of these states are

¥

A
E = _55101(51014_ 1)’ Stolzo’l""’ ns. (8)

Fig. 7 shows schemes of the energy levels (8) with
n=8, s=5/2and s=1/2. Since there are k(S,,)
states with the same value of S, each energy level
is k(S - (28, + 1)-fold degenerate, where k(S,,)
is shown in Fig. 7. These values of k(S,,) were
calculated using the well known quantum mechani-
cal rules for the addition of angular momentum
vectors [20]. The magnetic moment of the system is
ns N
Z k( S)e*EJ/ksiuBg Z jemsxﬂo/kBT
My = =5 5
2: k(S)e‘lh/kBT 2: elneeHy/ kT
5=0 j

S= j=-5

)
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In the case when only the ground level with S, = ns
is occupied, Eq. (9) can be reduced to

ns

Mg & Z
j = —mns
<M> = Iy
Z ejliBXH(;/kBT

j= —ns

je‘//‘BxH()/kBT

(10)

= pggnsB,,

nsg g Ho
kyT |

where B( x) is the Brillouin function [21]
1 x

— — coth{ —|.
2j 2j

If x <1 then B{(x)=[(j+ 1)/3j]x and

2j+ 1

2j+1
B(x)= — coth

2j

X

 ns(ns + 1) H,

M — 2
(M) =g 3k, T

(11)
Hence, the effective magnetic moment of our ‘mole-
cule’ in the case of n=28, s=15/2 can reach a
maximum value of pgyns(ns+ 1) =20 u, (Fig. 7,
inset). In the case of strong CEF splitting, the value
s=1/2 should be used in Eqs. (8)—(11), and the
maximum effective moment of the ‘molecule’ is
much less (Fig. 7, inset). Probably, such situation
occurs in Ce;Pd,,Ge,, where no ‘superpara-
magnetic’ phenomena is observed down to 4.2 K.

The above model has evident restrictions. The
Hamiltonian (5) is probably too simple to be directly
applicable to the real structure of Ce,Pd,,Si,. Al-
lowance must be made for possible contributions to
the magnetic moment from the delocalized magnetic
moments, especially since Pd is known as a metal
with unique enhanced ability of magnetic polariza-
tion [22]. Also, mean-field effects should be taken
into account when examining the magnetization pro-
cess in the ordered state. Nevertheless, the above
model provides a way to explain the unusual mag-
netic behavior of Ce,Pd,;Si,.

In this connection, the question of a possibie
impurity phase may also arises. The low-field
anomaly could be due to a trace amount of ferromag-
netic impurity phase, although this can not explain
the decrease in the magnetic susceptibility below
50-60 K. Therefore, an intrinsic antiferromagnetic

transition in Ce;Pd,,Si, can be considered as most
probable. It is unlikely that a ferromagnetic transition
in an impurity phase and intrinsic antiferromagnetic
ordering in Ce,Pd,,Si, could take place at exactly
the same temperature.

3.4. Crystal field calculations

Although unusual magnetic ordering was ob-
served in Ce;Pd,;Si; below about 50 K, in
Ce,Pd,,Ge, the low-temperature behavior of the
reciprocal magnetic susceptibility (Fig. 8), as well as
the marked reduction in the effective magnetic mo-
ment (Table 2) indicate the strong crystal electric
field (CEF) splitting in this compound. The well
known CEF Hamiltonian

Hegr= ) BO) (12)
.M

for cubic symmetry can be reduced to
HCEF=Bg(040+5'Of)s (13)

where B)" are the CEF parameters, O," are the
Stevens operators [23]. The Ce*" ground term 2F5 /2
will be split by Eq. (13) into the doublet I',(¢, ;)

100 Ce3Pd20666

o
<
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o  exper.data F

x~1 (mole/emu)

r
401 8
20 £
£ A(Ce2)=430 K .
§ AL
0_
6 SIO 160 lé() 2(]](]

Temperature (K)

Fig. 8. Temperature dependence of the reciprocal magnetic sus-
ceptibility for Ce,Pd, Ge, ( H, = 4000 Oe). Solid lines: results of
the CEF calculation (see text).
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and the quartet [ (¢; () [24], with the following
wave functions ¢;:

¢ = —041{ —2[+091(2

3

@, =091( - 3| - 041(3

L}

o, =3l e=(-13|
@5 =041( — 2|+ 0.91(3|,
@6 =0.91{ — 2|+ 0413,

where ( z| is the eigenfunction of the operator f for
the total angular moment.

To calculate the CEF paramagnetic susceptibility
Van Vleck formulae [25] should be used:

N, E
(S I M. N
XCEF ko T Z %: |(”| |n)| exp( Ky T

|(nl M1 E,
expl ———=1{.
E,—E, kyT
(14)

where N, is Avogadro’s constant, k is Boltzmann’s
constant, £ is the energy of the nth CEF eigenfunc-
tion in the absence of an external magnetic field,
M: = 12 +2- § is the magnetic moment operator,
and Z=Y, exp(—E,/kgT).

The measured susceptibility x> may be approxi-
mated as

L 2N
z

)»

n#n

()
) — XCEF

— (15)
1 — A XCer

X
where A is the molecular field parameter. It should
be noted that xS in Eq. (14) includes contributions
from both Cel and Ce2 positions.

The least-squares fitting procedure was performed
to approximate the experimental y '(7T) data using
the relationship (15) (Fig. 8). The best result was
obtained with B{(Cel) = 0.06 meV, BJ(Ce2)=0.10
meV and A = 2.12 mol/cm’. These CEF parameters
correspond to energy splits A(Cel) =248 K and
A(Ce2) = 427 K. The mean-field theory [26] offers
the ordering temperature T, and the formula T, ; =
AC, where C is the Curie constant. The estimate of
T,.,=?2 K can be obtained using the value of C
from Table 2.

For Ce,;Pd,,Siy, the low-temperature part of the

x(T) curve is distorted by the magnetic transition
(Figs. 3 and 4), which makes the CEF analysis more
difficult. However, the rough approximation of x(T)
by Curie~Weiss law (Table 2) allows us to suggest
that in Ce,Pd,,Si, the CEF splitting of Ce’* is
weaker than in Ce;Pd,;Ge,. The thermal behavior
of the electrical resistivity (Fig. 1) also supports this
point of view.

4. Discussion

The results of this study allow us to suggest that
the cerium compounds Ce,Pd,;Si, and Ce;Pd,,Ge,
are new dense Kondo systems. Since the electrical
resistivity p shows minima at different temperatures,
ie. at ~50 K for Ce;Pd,;Si; and at ~ 10 K for
Ce,Pd,,Ge, (Fig. 1), the Kondo temperature Ty
seems to be higher for the former compound. This
could be due to the weaker CEF interaction in
Ce,Pd,,Si; than in Ce,Pd,;Ge,. The influence of
the CEF splitting A on the effective Kondo tempera-
ture 7y, was studied in Ref. [27]. For a cubic system
with a I'; ground state the relation between Ty and
A was found to be
T} = Ty (Ty + 4)°, (16)
where T, is the Kondo temperature in the absence of
CEF effects. If A> Ty then Ty = T,(T,/4)*. So,
the effective Kondo temperature should decay rapidly
with increasing A. This correlates with our conclu-
sions about CEF effects in Ce,Pd,;Si; and
Ce,Pd,Ge,.

We have found that the magnetic properties of
Ce,Pd,,Si; are very unusual. An antiferromagnetic-
like transition was detected at ~ 50 K (Fig. 3), and
below this temperature the magnetic moment versus
the applied magnetic field demonstrates anomalous
‘superparamagnetic’ behavior (Fig. 5). It is important
that the characteristic temperatures of Kondo and
magnetic anomalies are close, in the region 50-60
K.

The assumption that two distinct Ce sublattices
exist in the Ce,;Pd,,Si, system could help to explain
most of the experimental data. Within the framework
of this model, Ce2 atoms should interact, preferably
inside ‘small’ cubes (Fig. 6). To a first approxima-
tion, this ‘cube’ can be considered as a ‘molecule’
with a magnetic moment that increases with decreas-
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ing temperature (Fig. 7, inset). On cooling, the ex-
change interaction between the ‘molecules’ is en-
hanced and they can order antiferromagnetically. The
Ruderman-Kittel-Kasuya—Yosida (RKKY) ex-
change interaction should be most important in
Ln,Pd,, X, compounds. Indeed, first, the minimum
distance between Ce atoms is about 5 A and, sec-
ond, Pd atoms are most numerous in the unit cell.
From this point of view, other cerium positions
(Cel) should be less magnetically active because
they have Ge or Si as nearest neighbors. In this
scheme the Cel atoms may mostly play the role of
Kondo scattering centers for the conduction elec-
trons. Ordering in the Ce2 sublattice probably re-
moves the magnetic Cel—Ce?2 interactions which are
competitive with the Kondo ones. This could explain
the enhanced increase in electrical resistivity after
the magnetic transition in Ce;Pd,;Si,.

The coexistence of Kondo-like behavior and mag-
netic ordering may therefore be attributed to the
relative isolation of two Ce subsystems. A similar
situation occurs in high-temperature superconduc-
tors, in which antiferromagnetic ordering of the rare
earth sublattice coexists with the superconductivity
in copper—oxygen planes [28]. The different mag-
netic and transport properties of Ce;Pd,,Si,
Ce,Pd,,Ge, may be partially due to the less marked
distinction between the cerium positions in the latter
compound [5]. The electron structure may also be
strongly modified by atom replacement. This is
clearly confirmed by the fact that the samarium and
ytterbium homologues Sm,Pd,,Si, and Yb;Pd,,Si,
display normal metallic and nonmagnetic behavior
from 200 K down to 4.2 K.

Further experiments below 4.2 K, as well as
specific heat measurements, are required for a better
understanding of the magnetic and Kondo properties
of Ln,Pd,; X,.
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