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Heat capacity measurements performed on the new ternary compound YbCu4Ni indicate for this compound
strong electronic correlations with possible antiferromagnetic phase transition below 0.5 K. Susceptibility and
magnetisation measurements above 2 K show no magnetic ordering.

PACS numbers: 71.27.+a, 75.30.−m, 75.30.Mb

1. Introduction

Strong correlation between electrons, due to hybridiza-
tion of f -electrons and conduction electrons, can cause a
number of outstanding low temperature features. Among
the rare earths, a large number of these phenomena is
found for Ce- and Yb-based compounds [1].

Recently a strong emphasis has been given to the in-
vestigation of the solid solution YbCu5−xMx (M = Ag,
Au, In) crystallizing in the cubic AuBe5-type structure,
where the substitution of Cu by M offers the possibility
to study the different evolution of ground state proper-
ties depending on the M element [2, 3]. Very recently, a
competition in compound formation between Yb(Cu,T)5
and its monoclinic superstructure Yb(Cu,T)4.5 was re-
vealed [4]. The interest in this topic was initially trig-
gered by the investigation on the heavy fermions YbCu4T
(T = Ag, Au), which crystallize in the cubic MgCu4Sn
type (an ordered derivative of the AuBe5-type). It was
found that YbCu4Au orders magnetically below 1 K,
whereas YbCu4Ag has a nonmagnetic ground state [5].

In this work results on YbCu4Ni, a new member of the
family YbCu4T (T = transition metal), are presented.
A competition on compound formation between the cubic
and its monoclinic superstructure was found also for this
system. Nevertheless, our attempt to prepare a sample
with a cubic structure (lattice parameter a = 6.9429 Å)
was successful. Furthermore, a Rietveld refinement car-
ried out on the sample prepared shows a very good agree-
ment with the model of the MgCu4Sn structure type with
a full ordered distribution of the atoms at the sites of the
structure (the details on the characterization, compound
formation and the crystal data will be shown elsewhere).
We present the results of study of thermal and magnetic

properties in the temperature range 0.3–300 K and in an
applied magnetic field up to 9 T.

2. Experimental

The polycrystalline samples of YbCu4Ni have been
prepared by weighting the stoichiometric amount of el-
ements with the following nominal purity: Yb (99.9%
mass), Cu (99.999% mass) and Ni (99.995% mass).
The elements were enclosed in small tantalum crucibles,
sealed by arc welding under pure argon, in order to avoid
the loss of Yb with a high vapour pressure. The samples
were then melted in an induction furnace, under a stream
of pure argon. To ensure homogeneity during the melt-
ing, the crucibles were continuously shaked. The sam-
ples were then annealed in a resistance furnace at 700 ◦C
for two weeks and finally quenched in cold water. The
crystalline structure was examined by X-ray diffraction.
Heat capacity measurements were performed by PPMS
commercial device (Quantum Design) in the tempera-
ture range 0.3–300 K and in an applied magnetic field
up to 9 T. Heat capacity was measured using the two-τ
model of the relaxation method. Susceptibility (at exci-
tation field 1600 A/m) and magnetisation were measured
by MPMS commercial device (Quantum Design) in the
temperature range 2–300 K and in an applied magnetic
field up to 5 T.

3. Results and discussion

Figure 1 shows the low temperature dependence of the
heat capacity C(T ) of YbCu4Ni measured for various val-
ues of applied magnetic fields up to 9 T. By increasing
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magnetic fields, up 0.3 T we observed at 0.5 K a small
sharp anomaly of increasing intensity. With an applied
magnetic field of 0.6 T, a broader maximum appears,
which shifts to higher temperatures and broadens with
increasing magnetic field, like a Schottky anomaly. This
behaviour could be explained by the lifting of the degen-
eracy of the Yb crystalline electric field (CEF) ground-
-state doublet with increasing magnetic field, due to the
Zeeman splitting. Correspondingly, the associated Schot-
tky anomaly is shifted to higher temperatures, similarly
to the case of the isotypic YbCu4Au [6]. Moreover, a
small hump at 2.5 K, which is quenched in magnetic
fields above 0.3 T, reflects a low amount of Yb2O3 in
the sample [7]. The sharp anomaly at low applied mag-
netic field could be explained as possible indication of an
expected antiferromagnetic phase transition below 0.5 K,
similarly to the situation observed in YbCu4Au [6]. How-
ever, measurements in the millikelvin temperature range
are required.

Fig. 1. Low temperature detail of dependence of the
heat capacity C(T ) of YbCu4Ni as function of applied
magnetic field.

In order to determine the electronic γ coefficient we
analysed the dependence of C/T as a function of T 2.
If we take the extrapolation in the temperature range
above 6.5 K, we obtain γ = 110 mJ/(mol K2). How-
ever, below these temperatures C/T begins to diverge
to higher values which could be connected with a pos-
sible magnetic phase transition at TN. Similarly to the
behaviour of YbCu4Au [6], the applied magnetic field
should suppress TN. At 9 T we obtained by extrapo-
lation γ = 370 mJ/(mol K2), which is an indication of
heavy fermion behaviour.

Figure 2 shows the temperature dependence of the in-
verse magnetic susceptibility χ−1(T ) of YbCu4Ni. The
compound exhibits simple (with negligible small χ0 con-
tribution) Curie–Weiss behaviour above 100 K. From
χ−1(T ) dependence we have determined the paramag-
netic Curie temperature ΘP = −18.6 K. This supports
the possible existence of an antiferromagnetic phase tran-
sition at very low temperatures. From the Curie constant

the effective magnetic moment µeff = 4.8 µB was ob-
tained, which is quite close to the free ion value 4.54 µB.

Fig. 2. Temperature dependence of the inverse suscep-
tibility χ−1(T ) of YbCu4Ni.

Fig. 3. The field dependence of the magnetization
M(B) of YbCu4Ni.

Figure 3 shows the magnetic field dependence of mag-
netisation M(B) of YbCu4Ni for different temperatures.
The dependences are characteristic for paramagnetic be-
haviour with a tendency to saturation at lower tempera-
tures. Therefore our data support the fact that YbCu4Ni
is a new strongly electron correlated compound. Fur-
ther measurements in the lower temperature range below
0.5 K are required in order to study the possible magnetic
phase transition.

4. Conclusion

In conclusion, a novel YbCu4Ni compound with strong
electronic correlation, which crystallizes in the cubic
MgCu4Sn type, was prepared. Heat capacity C(T )
up to an applied magnetic field of 9 T, susceptibility
χ(T ) and magnetisation M(B) up to 5 T, were mea-
sured. We determined an electronic coefficient γ =
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110 mJ/(mol K2) which changes upon magnetic field 9 T
to 370 mJ/(mol K2); Curie temperature ΘP = −18.6 K
and effective magnetic moment µeff = 4.8 µB.
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