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A polycerystalline sample of CeSPdZOGe6 is investigated using a dc SQUID magnetometer. A

noticeable difference between ZFC and FC magnetic susceptibility is found below = 60 K. The tempera-

ture dependence of the magnetic susceptibility demonstrates an anomaly near approximately 2.8 K below

which a remanent magnetic moment exists. Two characteristic temperatures detected support the

assumption that there are different cerium magnetic subsystems in Ce,Pd

L Xg (X = Ge, Si) compounds.

Unusual magnetic behavior observed in Ce3Pd20Ges is discussed within the framework of the molecular

magnetism’ model which predicts a frustration of exchange interactions.

PACS:

1. Introduction

The problem of the coexistence of magnetic and
Kondo ground states in f-electron systems has been
discussed intensively over the past decade Ref. 1. In
our previous works [2,3] we reported on a Kondo-
like dependence of electrical resistivity and unusual
magnetic behavior in polycrystalline samples of
Ce;Pd, X, (X = Ge, Si). The electrical resistivity
of these compounds demonstrates logarithmic in-
creasing below characteristic temperatures of 10 K
(CeSPdZOG%) and 50 K (CeSPdZOSi6). In autism a
magnetic anomaly was found in Ce;Pd,,Si; below
= 50-60 K. Though the crystal structures of
Ce;gPd,,Ge, and CegPd,Si; are very similar, no
magnetic anomalies were detected in the former
compound above the helium temperature ([2,3]).
However, an antiferromagnetic-like peculiarity of
ac-susceptibility in Ce;Pd, Ge; was found at
1 K ([4]). In the presented work a polycrystalline
sample of Ce;Pd, Ge; has been investigated using a
de SQUID magnetometer in the temperature range
from 2 to 200 K and at magnetic fields (2—
50) KOe. The sample of Ce;Pd, Ge, was prepared
using a melting technique in arc furnace in an argon

atmosphere as described in [5]. Annealing in the
argon atmosphere (at pressure of 1.1000° Pa) was
performed at 600 °C during about 700 h. The crys-
tal structure of the sample determined by the x-ray
analysis is the same as reported in [5]. The tempera-
ture dependence of the electrical resistivity of the
sample being studied as a test shows a logarithmic
increase below 10 K that accords with results ob-
tained in [2,3].

2. Experimental results

Figure 1 represents the temperature dependences
of a static magnetic susceptibility at low (12 Oe)
and high (50 KOe) magnetic fields (¥, and Xhigh
, respectively). At high temperatures the following
relationship takes place: X, > Xhigh - Below ap-
proximately 10 K Xhigh 1S almost equal to X, - It
is interesting to note that the electrical resistivity
has a Kondo minimum at the same tempera-
ture [2,3]. The solid line in Fig. 1 shows the Curie
law’s magnetic susceptibility Xg,.. of Ce3* ions in
CesPd, Ge, if they would be free of exchange
interactions. The curves X, .(T) and X;...(T) cross
each other at the temperature = 50 K. A is likely
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Hig. 1. Temperature dependences of Ce,Pd,,Ge, magnetic sus-
peptibility at different magnetic fields. Solid line represents cal-
I,culated «free ions» magnetic susceptibility which follows the
Curie law.
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Fig. 2. The low temperature magnetic susceptibility of
)

§63Pd20GeG at 12 Oe. The inset shows the magnetic susceptibil-
]ity at 2 Oe.
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netic susceptibility (at 12 and 2 Oe) is displayed in
Fig. 2. Curves X(T) clearly demonstrate a magnetic
anomaly near 7', = 2.8 K. Below T, the increase in
the susceptibility slows down noticeably which ex-
cludes a ferromagnetic type of this anomaly. Wher-
ever, no an evidence of the magnetic hysteresis was
observed in magnetization curves measured at 2 K.
Furthermore, as may be seen from Fig. 3, the effec-
tive magnetic moment (per Ce3* ion) decreases with
lowering of the temperature from 10 to 2.4 K.

It should be noted that increase of the magnetic
field at low temperatures suppresses the magnetic
susceptibility [see Fig. 2, compare M /H at 12 and
2 Qe (inset)]. This is a characteristic feature of
spin-glass systems. In addition, a distinct remanent
magnetic moment (RMM) was detected at low
temperatures. The inset of Fig. 4 demonstrates the
temperature dependence of RMM in Ce,Pd, Ge,
near T, . To obtain these data the sample was
cooled down to 2 K at the zero external magnetic
field, then the magnetic field of 100 Oe was applied
for a short time and next it was turned off. On
subsequent heating, the RMM of the sample
quickly fall down at temperature range from 2.4 to
3 K and fall down lower at temperatures above 3 K.
The existence of RMM also could indicate an «spin-
glass» (SG) nature of low temperature magnetism
in Ce;Pd,,Ge; . This point of view is supported by
Fig. 4 which shows the difference AM between
magnetic moments of Ce;Pd,,Ge; measured during
zero field cooling (ZFC) and field cooling (FC)
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d’ig. 4. The difference between the FC and ZFC magnetic mo-
guent of Ce,Pd, Ge; versus the temperature. The inset shows
he temperature dependence of the remanent magnetic moment
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3. Discussions

Since 1995, when Ce;Pd, X, was synthe-
sized [5], magnetic properties of this compound
rave been investigated in works [2—4,6—-8]. It was
found that the possibility of detecting magnetic
anomalies depends strongly on the applied magnetic
field. Thus, the cusp in the ac-magnetic susceptibil-
ity of Ce, Pd,Si; at 0.15 K is suppressed by the
weak static magnetic field [7]. The magnetic behav-
ior of Ce,Pd,Si, at high temperatures (4-100 K) is
also sensitive to the static magnetic field [3]. This
evident field-dependence on me applied magnetic
field explains why the magnetic anomaly at 50 K in
Ce;Pd,Si; [3] and that at 2.7 K in CegPd,Ge, ,
observed in this work, were undetected at the
magnetic field 3 KOe used in works [4,8].

The marked field sensitivity of magnetic suscep-
tibility in CesPd,,Si, was analyzed within the
framework of the «molecule magnetisms» model [3].
This model could explain also a «spin-glass» mag-
netic behavior in Ce;Pd,Si, . According to [5] and
the «molecule magnetisms» model, there are two
non-equivalent Ce positions (Cel and Ce2) in the
crystal lattice of CegPd, X, [3]. First type (Cel)
ions form face-centred «larges cube and second type
(Ce2) ones make up a <«small> cube inside the
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rfig. 5. The unit cell of Ce,Pd, Ge, crystal structure. Only Ce
positions are shown.

r
omagnetic exchange interactions dominate over oth-
ers, the could result in the formation of «super-
paramagnetic cubes» (SPC) containing eight Ce2
ions [3]. Anomaly at 50—60 K in Ce2-Ce2 can be
attributed to antiferromagnetic (AF) ordering of
SPC [3]. In this case Cel moments, placed between
two SPC, undergo magnetic frustration. It is well
known that magnetic frustration and spin-glass be-
havior are intimately related [9]. Non-freezing ce-
rium magnetic moments are capable of bung effec-
tive Kondo’s scattering centers [3]. Analogous
frustration of exchange interactions may also takes
place in CesPd,Ge; . Within the framework of this
model in the temperature range 50—60 K there may
occur the magnetic transition of SPC to antiferro-
magnetic state in Ce;Pd,Si; and to the «freezing»
state (partial or complete) in Ce,Pd,,,Ge, . This
characteristic temperature is determined mainly by
Ce2—Ce2 exchange interactions which should be
close in both compounds. From this point of view
the second magnetic anomaly at 7 in CesPd,,Ge,
is due to «freezing» of some Cel magnetic moments
(see below).

Figure 5 shows the unit cell of CegPd,,Ge;
crystal structure (only Ce positions are presented).
The analysis of an arrangement of cerium atoms
relative to SPC reveals two different positions of
Cel ions. These are Cel’ positions, which are lo-
cated at corners of «large" cube, and Cel"” ones —
at centers of the faces. Because of their unequiva-
lent location near SPC these Cel subsystems may
undergo magnetic ordering at different tempera-



tures. It is possible that T, is the temperature of
«freezing» in one of these subsystem. This could
result in the termination of Kondo-like increase of
the electrical resistivity near 2 K [4]. Other Cel
subsystem could have a transition to the antiferro-
magnetic phase under cooling below 1 K [4].

In conclusions, we suppose that CesPd, X,
(X = Ge, Si) system could be considered as antifer-
romagnetic with a few 4f magnetic subsystems and
a strong frustration of exchange interactions. This
could explain the anomalous magnetic behaviour
(including «spin-glass» one) and coexistence of
magnetic and Kondo-like properties at the same
temperature region.
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