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POSSIBLE HEAVY-FERMION BEHAVIOR
IN A HEUSLER-TYPE COMPOUND YbPd2 Sb
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Magneti , ele tri al transport and thermodynami properties of a novel
Heusler ompound YbPd2 Sb have been studied down to 40 mK in applied
magneti elds up to 14 T. The results hint at a heavy-parti le nature of
the ele troni ground state, with some features hara teristi of systems
being lose to Donia h's magneti nonmagneti instability.
PACS numbers: 72.15.Qm, 75.20.Hr, 74.20.Mn

Rare-earth-based Heusler phases RE Pd2 M, where M = In, Sn or Pb,
attra ted in the past onsiderable attention be ause of their interesting
magneti and super ondu ting properties [1℄. Most intriguing are obviously
those systems in whi h super ondu tivity oexists with long-range magneti
ordering, as for example YbPd2 Sn [2℄ and ErPd2 Sn [3℄. In these ompounds
the 4f -ele trons responsible for antiferromagnetism are moderately oupled
to super ondu ting ele trons [4℄, in ontrast to systems like RE Ni2 B2 C,
RE Rh4 B4 or RE Mo6 Y8 (Y = S, Se), where the two ooperative phenomena
are spatially learly isolated. This nding makes RE Pd2 M Heusler phases
an attra tive subje t for further investigations. In this paper we report
for the rst time on the magneti , ele tri al transport and thermodynami
properties of a novel Heusler-type ompound YbPd2 Sb, studied down to
40 mK in magneti elds up to 14 T. A more omprehensive presentation
and dis ussion of these data will be given elsewhere.
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The investigated sample of YbPd2 Sb was single phase with a MnCu2 Altype related rystal stru ture. The rened ubi latti e parameter is larger
than the value expe ted from the lanthanide ontra tion [5℄, hen e suggesting
some instability of the Yb ion valen e. Indeed, preliminary Yb LIII -edge
spe tros opy studies yielded the ee tive valen e slightly lower than +3.
Compatible with the above ndings is the value of the ee tive magneti
moment e
: B , obtained from a CurieWeiss t of the magneti
sus eptibility of YbPd2 Sb, made above 80 K. The al ulated paramagneti
Curie temperature of
K manifests appre iable antiferromagneti exhange intera tions or/and Kondo ee t. At low temperatures the sus eptibility is featureless down to a temperature T * below whi h (T ) saturates at
quite high values. In a eld of 0.1 T, T 
: K and 
: emu/mole
(see Fig. 1(a)). With in reasing magneti eld the low-temperature sus eptibility is suppressed and T * gradually rises towards 12 K, the upper border
of the region in whi h the sus eptibility is eld dependent. Interestingly, for
B > : T the low-temperature sus
 eptibility of YbPd2 Sb s ales perfe tly
well to the formula T 0:75 f B
T , appropriate for strongly intera ting spin
u tuations [6℄. These ndings indi ate that the ompound studied does not
order magneti ally, at least down to 40 mK, but it does exhibit some antiferromagneti orrelations with the hara teristi energy s ale T 
: K.
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Fig. 1. Low-temperature magneti sus eptibility (T ) (a) and ele tri al resistivity
(T ) (b) of YbPd2 Sb. Dashed and solid lines mark the proportionalities   T and
  T , respe tively.
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The ele tri al resistivity of YbPd2 Sb is hara teristi of systems exhibiting an interplay of Kondo and rystal eld intera tions. A broad shoulder
in (T ) at about 70 K gives an estimate for rystal eld splitting. Around
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12 K (T ) shows a minimum, and in the range
< T < K a logarithmi in rease in the resistivity is observed (see Fig. 1(b)). Then (T )
: K, and eventually it displays a
goes through a maximum at TLT
max
nearly linear T-dependen e. Upon applying magneti eld the resistivity
de reases in a Kondo-like manner. The magnetoresistivity rea hes
% at
T
: K and B
 T. For
 temperatures T > K a single-ion Kondo
B
s aling  B =
f T +T  is fullled with T 
: K, as found from
the magneti data.
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Fig. 2. (a) Low-temperature spe i heat Cp (T ) of YbPd2 Sb, its phonon omponent Cph (T ), approximated by Cp (T ) of LuPd2 Sb, and non-phonon omponent
C T
Cp Cph . (b) C over temperature and entropy S (T ) in YbPd2 Sb.
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The temperature variation of the spe i heat of YbPd2 Sb reveals a
broad anomaly at T 
: K but no feature at TLT
: K (see Fig. 2).
max
Approximating the phonon ontribution Cph (T ) by the measured spe i
heat of LuPd2 Sb one obtains the non-phonon part, C T
Cp Cph
whi h an be qualitatively des ribed by the CoqblinS hrieer model for
the ee tive spin s
= and T 
: K [7℄. The Sommerfeld oe ient
interpolated from the region 410 K, i.e. where the high-temperature tail
of the T 
: K anomaly is negligible, is equal to 112 mJ/K2 mole. At the
lowest temperatures the ratio Cp /T strongly rises and attains at T
: K
a huge value of about 5 J/K2 mole. The entropy derived from the C (T )
versus T data is very small. It shows some tenden y to saturate in between
2 K and 9 K, i.e. in the range where   T , at a value that is larger
than the Bethe ansatz solution for s
= but onsiderably redu ed with
respe t to the value expe ted for a doublet ground state with no Kondo
intera tions (see Fig. 2(b)). Upon applying external magneti eld the broad
peak in Cp T shifts to higher temperatures, thus ree ting an in rease
in the Zeeman splitting of the rystal eld ground state. From the eld
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dependen e of this anomaly one on ludes that the lowest energy CEF level
in YbPd2 Sb is probably the 6 doublet. Another ee t of magneti eld is
suppression of the low-temperature tail in Cp (T ). In high elds (B > T) a
Fermi liquid behavior of the spe i heat is observed with strongly enhan ed
values of (0).
In summary, despite the presen e in YbPd2 Sb of rather large magneti
moments, arried by almost trivalent ytterbium ions, no long-range magneti
order has been found down to 40 mK. Instead, some features hara teristi
of short-range antiferromagneti orrelations are observed in the magneti ,
ele tri al and thermodynami properties, whi h altogether dene the hara teristi energy s ale T 
: K. The ele tri al resistivity of YbPd2 Sb is
governed by the interplay of rystal eld and Kondo intera tions. Likewise,
the low-temperature spe i heat an be interpreted in terms of Kondo effe t. At the lowest temperatures the ompound exhibits lear deviations
from the Fermi liquid behavior, typi al for systems being lose to Donia h's
magneti nonmagneti instability. Our on-going investigations attempt to
address questions relevant to the nature of the ele troni ground state in
YbPd2 Sb, in luding the issue of the role played by possible atomi disorder
that is ommonly present in Heuslertype phases.
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