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Transport and Magnetic Properties of YbCu4Ni
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The results on the in�uence of magnetic �eld on the electrical resistivity ρ(T ) of the heavy fermion YbCu4Ni
in the temperature range 0.4�300 K are presented. We have observed a Kondo-like behaviour below 10 K with a
minimum in ρ(T ) at about 60 K. An applied magnetic �eld depresses this behaviour, and a maximum in ρ(T )
appears similarly to the maximum observed in heat capacity. The observed electrical magnetoresistance shows
negative values in all applied magnetic �elds and with increasing temperature its absolute magnitude increases.
Moreover, we extended our previous susceptibility measurements up to high temperatures of 1000 K, in order to
study possible mixed valence behaviour, which however was not observed.

PACS: 71.27.+a, 75.30.−m, 75.30.Mb

1. Introduction

In recent years a growing interest has been devoted to
Yb-based systems due to the variety of anomalous be-
haviours which could occur at low temperatures [1, 2].
In fact, a certain number of Yb compounds show strong
correlation between electrons, due to hybridization of
f -electrons and conduction electrons. Because of the pos-
sibility of Yb-atoms to be in a divalent or a trivalent state,
a possible coexistence of both states may occur as het-
erogeneous mixed valence systems, or Yb-ions could have
some non-integer valence as it happens in intermediate
valence systems [3]. The interest in our topic was trig-
gered by the previous investigation made on the heavy
fermions YbCu4T (T = Ag, Au), which crystallize in an
ordered derivative of the AuBe5-type (cubic MgCu4Sn
type), and the parent compound is the dense Kondo sys-
tem YbCu5 [4�6]. It was found that YbCu4Au orders
antiferromagnetically below 1 K, whereas YbCu4Ag has
a nonmagnetic ground state [7].
Recently the new compound YbCu4Ni has been stud-

ied by us [8]. It was discovered that this compound is a
new heavy fermion (HF) member of the series of YbCu4M
(M = metal), which crystallizes in the cubic MgCu4Sn
type structure. The measurements of the heat capacity
revealed a possible magnetic ordering below 0.5 K, which
was supported by susceptibility measurements. However,
the transport properties have not been studied yet. In or-
der to continue the work previously done on YbCu4Ni [8],
we present in this paper the results of the study of the
electrical resistivity of this compound in the tempera-
ture range 0.4�300 K, made in zero and applied mag-
netic �elds up to 9 T. Moreover, in order to check the
existence of a possible intermediate valence behaviour,
the measurements of the susceptibility was extended up
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to 1000 K. In fact, the existence of a maximum in the
susceptibility at high temperatures would be an indica-
tion of intermediate valence phenomena as is the case of
YbAl4Ni [9].

2. Experimental

We have used in measurements the same polycrys-
talline sample of YbCu4Ni, which has already been char-
acterized in our previous work. The details on prepara-
tion have been reported [8].
The AC electrical resistivity and magnetoresistivity

measurements were performed by PPMS commercial de-
vice (Quantum Design) in the temperature range 0.4�
300 K and in applied magnetic �elds up to 9 T. The high
temperature susceptibility measurements were performed
by VERSALAB commercial device (Quantum Design) in
Presov by VSM magnetometer in the temperature range
300�1000 K and in an applied magnetic �eld of 1000 Oe.

3. Results and discussion

The temperature dependence of the electrical resistiv-
ity ρ(T ) of YbCu4Ni taken in several magnetic �elds is
presented in Fig. 1. One could see that the electrical
resistivity decreases with decreasing temperature. At
about 60 K it �rst reaches a minimum and then it starts
to increase with further decreasing temperature. Below
10 K ρ(T ) for B = 0 T shows a − lnT behaviour, which
is typical of a Kondo system. We have not observed how-
ever the maximum in ρ(T ) down to 0.4 K, although the
heat capacity shows a possible magnetic ordering below
0.5 K. In order to clarify this point, the measurements
in the mK range are necessary. The behaviour is similar
to those of other heavy fermions as YbCu4T (T = Ag,
Au) [7].
The applied magnetic �eld depresses such a behavior

and, in agreement with the heat capacity behaviour [8],
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Fig. 1. Temperature dependence of the electrical re-
sistivity ρ(T ) of YbCu4Ni measured in several magnetic
�eld strength.

a maximum at low temperatures appears, as it is pre-
sented in detail in Fig. 2. This maximum occurs at the
same temperature as that in heat capacity [8] (like a
Schottky type maximum) and moves to higher temper-
atures with increasing magnetic �eld strength. Consid-
ering the results of our previous work [8], our data may
indicate a scenario with a transition from a single impu-
rity Kondo regime at high temperatures into a coherent
Kondo lattice at low temperatures. Valence �uctuations
are ruled out as it will be discussed below.

Fig. 2. Low temperature details of the temperature de-
pendence of the electrical resistivity ρ(T ) of YbCu4Ni
measured in several magnetic �eld strength.

In Fig. 3 the electrical magnetoresitivity [(ρ(T,B) −
ρ(T, 0))/ρ(T, 0)]·100 (MR) of YbCu4Ni as a function of
temperature is shown. Negative magnetoresistivity val-
ues in all the applied magnetic �elds are observed. At
the lowest temperatures the electrical magnetoresitivity
reaches 10% at a magnetic �eld of 9 T. It has the ten-
dency to saturation near 9 T. With increasing tempera-
tures the magnitude of MR decreases.

Fig. 3. Electrical magnetoresitivity (ρ(T,B) −
ρ(T, 0))/ρ(T, 0)·100 of YbuCu4Ni as a function of
temperature.

Fig. 4. Temperature dependence of the reciprocal
magnetic susceptibility χ−1(T ) of YbCu4Ni.

In order to check for any existence of intermediate
valence behaviour in YbCu4Ni we have measured the
susceptibility up to 1000 K. In case of the intermedi-
ate valence systems, a maximum in the susceptibility at
high temperatures is expected to appear [9]. However, as
shown in Fig. 4, this is not the case of YbCu4Ni.

4. Conclusion

In conclusion, we have studied the in�uence of mag-
netic �eld on the temperature dependence of electrical
resistivity of the heavy fermion YbCu4Ni down to 0.4 K.
We have observed the Kondo-like behaviour below 10 K
with a minimum in ρ(T ) at about 60 K. Magnetic �eld de-
presses this behaviour and in consequence, a maximum in
ρ(T ) appears similarly to the maximum observed in heat
capacity under applied magnetic �eld. Electrical mag-
netoresistivity is negative and with increasing tempera-
ture its magnitude decreases. Moreover, we extended our
previous susceptibility measurements up to high temper-
atures of 1000 K, in order to check for the existence of
intermediate valence behaviour, which was not observed.
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