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Rare-earth-based Heusler phases REPd,M, where
M = In, Sn or Pb, attracted t considerable attention
because of their interesting magnetic and supercon-
ducting properties [1]. Most intriguing are obvi-
ously those systems in which superconductivity
coexists with long-range magnetic order, as for
example YbPd,Sn [2] and ErPd,Sn [3]. In these
compounds the 4f-electrons responsible for antifer-
romagnetism are fairly coupled to superconducting
electrons [4], in contrast to systems like RENi,B,C,
RERh,B, or REMogYg (Y = S, Se) where the two
cooperative phenomena are spatially well isolated.
Motivated by this finding we have recently under-
taken systematic investigations of YbPd,M phases
with M = In, Pb, Sb and Bi [5]. To our knowledge
physical properties of these ternaries have not been
studied before.

The compound YbPd,Sh crystallizes in a cubic
unit cell of the AICu,Mn-type (space group Fm3m),
characteristic of Heusler phases (Fig. 1). The Yb
atoms are located at the 4b (1/2,1/2,1/2) sites, the
Pd atoms occupy the 8c (1/4, 1/4, 1/4) sites, while
the Sb atoms are placed at the 4a (0, 0, 0) sites. For
comparison, in Fig. 1 there are also presented the
crystal structures of YbPdSh and YbSh. The latter
is of the NaCl-type (space group Fm3m) with the
very same occupation of the 4b and 4a sites as in
YbPd,Sb but with all the 8c positions being empty.
In turn, in the unit cell of YbPdSh, which is of the
MgAgAs-type (space group F43m), the 4c posi-
tions are occupied by the Pd atoms and the other
atoms are located as in YbSh. The apparent close
structural relationship between the three com-
pounds results in similarities in their physical prop-
erties [6].

Polycrystalline samples of YbPd,Sb were ob-
tained in a two step synthesis. First a Pd,Sb alloy
was prepared by arc melting. Small losses (< 1 wt.%)
of antimony were compensated beforehand. The
alloy Pd,Sb was then placed along with Yb metal in
a glassy carbon crucible, sealed into a Ta-tube, and
melted in an induction furnace. Subsequently, the
ingot was subjected to prolonged heat treatment at
around 1173 K. All experimental steps were carried
out in a inert-gas glove box system ensuring an Ar-
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Fig.1: Crystal structure of YbPd,Sb (MnCu,Al-type),
compared to those of YbSb (NaCl-type) and YbPdSb
(MgAgAs-type). Red balls - Yb, blue balls - Pd, gray
balls - Sh.

gas atmosphere with both oxygen and water con-
tamination at a level of less than 1 ppm. The so-pre-
pared samples were single phase with no detectable
deviation from the ideal composition, as proved by
X-ray powder diffraction, metallography and EDX
analysis. The refined lattice parameter a =
665.42(2) pm is larger than the value expected on
the basis of the lanthanide contraction in the
REPd,Sb series [7]. This suggests some instability
of the Yb ion valence. Indeed, preliminary Yb L;;-
edge spectroscopy studies yielded the effective
valence slightly lower than +3.

Compatible with the above finding is the reduced
value of the effective magnetic moment ¢ = 4.02 Ug,
obtained from a Curie-Weiss description of the mag-
netic susceptibility of YbPd,Sb above 80 K. The
calculated paramagnetic Curie temperature Ocyy =
-18 K may result from antiferromagnetic exchange
interactions. However, its large magnitude in con-
junction with the lack of long range magnetic order
at least down to 40 mK (see below) hints at Kondo
interactions contributing to 6. Below 80 K the
susceptibility deviates from the Curie-Weiss law,
presumably mainly due to a crystal field (CF) ef-
fect. The magnetization oB) measured at T=0.1 K
exhibits a curvature characteristic of paramagnetic
saturation within the CF Kramers ground state. The
extrapolation of these data to B = 0 yields a value
corresponding to the magnetic moment of 1.23 L.
It is worthwhile noting that this estimate is consid-
erably smaller than u = 1.71 pg of a I'; doublet
expected to be a CF ground state in YbPd,Sb [6].
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Fig.2: a) Temperature dependence of the low-temperatu-
re dc magnetic susceptibility of YbPd,Sb measured in
several magnetic fields. b) The data from panel (a) plot-
ted as X T%"° versus B/T .

At low temperatures the susceptibility is feature-
less down to a temperature T* below which x(T)
saturates at quite high values in a manner charac-
teristic for Kondo systems [8]. In a field of 0.1 T,
T*=0.4Kand x(T — 0) = 1.2 emu/mole (Fig. 2a).
With increasing field the low-temperature suscepti-
bility is suppressed and T* gradually rises towards
12 K, the upper border of the region in which the
susceptibility is field dependent. Such a behavior
is, however, quite unexpected for Kondo systems,
being instead rather typical for local moment para-
magnets. Interestingly, as shown in Fig. 2b, for B >
0.1 T the low-temperature susceptibility of
YbPd,Sh scales very well to the formula yT%" =
f(B/T). Such behavior is appropriate for systems
with strongly interacting spin fluctuations [9] like
an archetypal non-Fermi liquid alloy CeCug_,Au,
[10]. Departure from the universal behavior for B =
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Fig.3: Temperature variation of the ac magnetic suscep-
tibility of YbPd,Sb measured in B,, = 10 Gs with f =
16.67 Hz in several steady magnetic fields.

0.1 T manifests some additional contribution to the
susceptibility, possibly due to magnetic exchange
interactions. Such a hypothesis seems corroborated
by the results of ac susceptibility studies (Fig. 3).
The dynamic susceptibility of YbPd,Sh exhibits a
broad maximum at about 0.4 K which hardly alters
with varying the frequency of the alternating field
except for some little change in the shape of this
peak for T < T*. The observed anomaly is, howev-
er, strongly sensitive to external steady magnetic
fields. Already in a field of 0.025 T one observes a
reasonable shift of the peak towards lower temper-
atures accompanied by its strong broadening while
in B =0.25 T no maximum in y,.(T) is discernible
in the entire temperature range investigated. It is
worthwhile noting that such a strong sensitivity of
the ac susceptibility to small magnetic fields is typ-
ical for spin glasses [11].

The electrical resistivity of YbPd,Sb (Fig. 4) is
characteristic of systems exhibiting an interplay of
Kondo and CF interactions. The absolute values of
p(T) are rather large but they are well reproducible
for different polycrystalline samples. A broad
hump at around 70 K manifests CF splitting while
a sharp maximum at T, ., = 1.4 K originates prob-
ably from coherence effects. In the range 2 K- 9 K
the resistivity rises with decreasing temperature in
a logarithmic manner and below 1 K (down to
0.09 K) it is proportional to T. Upon applying a
magnetic field the resistivity decreases in Kondo-
like fashion. The magnetoresistivity Ap/p reaches
-7 % at T = 1.8 K and B = 14 T. With increasing
temperature the effect of the magnetic field dimin-
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Fig. 4: Temperature dependence of the electrical resisti-
vity of YbPd,Sh. The solid line marks a Kondo-like beha-
vior and the dashed curve emphasizes the proportiona-
lity p~T.
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Fig. 5: Field variation of the magnetoresistivity of
YbPd,Sh, taken at several different temperatures, plotted
as p(B)/p(0) vs B/(T+T*) where T* = 0.4 K.

ishes. For T > 2 K a single-ion Kondo scaling [12]
is fulfilled (Fig. 5) with the characteristic tempera-
ture T* = 0.4 K, as found from the magnetic data.
The temperature variation of the specific heat of
YbPd,Sb (Fig. 6) reveals a broad anomaly at T* =
04 K but no feature at T ', = 1.4K.
Approximating the phonon contribution Cy,(T) by
the measured specific heat of LuPd,Sb one obtains
the non-phonon part, AC(T) = C, — C,,, which can
be qualitatively described by the Coqgblin-
Schrieffer model [8] for the effective spin s = 1/2
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Fig.6: a) Temperature dependence of the specific heat
of YbPd,Sb and LuPd,Sh. (b) Low-temperature non-
phononic specific heat and the entropy of YbPd,Sh. The
dashed curve represents the Kondo contribution for s =
Yoand T* = 0.4 K.

and T* = 0.4 K. The Sommerfeld coefficient inter-
polated from the region 4 K — 10 K, i.e., where the
high-temperature tail of the T* = 0.4 K anomaly is
negligible, is equal to 112 mJ/(K?mole). At the low-
est temperatures the ratio C,/T strongly rises and
attains a huge value of about 5 J/(K?mole) at T =
0.09 K. The entropy derived from the AC(T) data is
very small (Fig. 6). It shows some tendency to sat-
urate between 2 K and 9 K, i.e., in the range where
p ~ In T. This saturation value, however, is larger
than the Bethe ansatz solution s = 1/2 but consider-
ably reduced with respect to the value expected for
a doublet ground state with no Kondo interactions.

Upon applying an external magnetic field the
broad peak in Cy(T) shifts to higher temperatures,
thus reflecting an increase in the Zeeman splitting
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of the CF ground state. From the field dependence
of this anomaly one concludes that the lowest ener-
gy CF level in YbPd,Sb is the I'; doublet. Another
effect of the magnetic field is the suppression of
the low-temperature tail in C,(T). In high fields (B
> 4 T) a Fermi liquid behavior of the specific heat
is observed with strongly enhanced values of (0).

In summary, despite the presence of rather large
magnetic moments in YbPd,Sb (carried by almost
trivalent ytterbium ions) no long-range magnetic
order has been found down to 40 mK. Instead,
some features characteristic of short-range antifer-
romagnetic correlations are observed in the mag-
netic, electrical and thermodynamic properties
which define altogether the characteristic energy
scale T* = 0.4 K. The electrical resistivity of
YbPd,Sb is governed by the interplay of crystal
field and Kondo interactions. Likewise, the low-
temperature specific heat can be interpreted in
terms of Kondo effect. At the lowest temperatures
the compound exhibits clear deviations from the
Fermi liquid behavior, typical for systems being
close to Doniach's magnetic-nonmagnetic instabil-
ity. On-going investigations attempt to address
questions relevant with respect to the nature of the
electronic ground state in YbPd,Sb. This includes
the issue of the role played by possible atomic dis-
order that is commonly present in Heusler-type
phases.
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