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cInstitute of Physics, Academy of Sciences of the Czech Republic
Na Slovance 2, 182 21 Praha 8, Czech Republic

The heat capacity in the applied magnetic field up to 9 T, susceptibility

and magnetization of polycrystalline CeCu4Al are presented. The deter-

mined electronic heat capacity coefficient γ = 210 mJ mol−1 K−2 confirmed

heavy fermion character of this compound. Magnetic ordering was not ob-

served down to 0.5 K. Magnetic properties confirm these observations.

PACS numbers: 75.40.Cx, 75.30.Mb

1. Introduction

Ce-intermetallics are always very attractive compounds due to variety of in-
teresting behaviour. They are frequently characterised by the anomalous proximity
of the Ce 4f -level to the Fermi energy. This proximity yields a strong hybridi-
sation of the magnetic 4f electrons with the conduction electrons. CeCu4Al is
known as the heavy fermion compound [1, 2] and it is the derivate of CeCu5,
which undergoes two magnetic transitions below 4 K indicating complicated mag-
netic structure. However, CeCu4Al does not order magnetically down to the lowest
studied temperature. The estimated value of electronic coefficient γ was of about
280 mJ mol−1 K−2 [2]. Below 6 K C/T dependence showed a strong increase,
which yields the value of C/T of about 1.1 J mol−1 K−2 [2]. The measurements
of γ in the magnetic fields up to 12 T showed the reduction of C/T values by a
factor 5 at low temperatures [3].

In order to study the magnetic field behaviour of the heavy fermion system
CeCu4Al at low temperatures we have measured the heat capacity in the applied
magnetic field, susceptibility, and magnetisation of the polycrystalline sample.
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2. Experiment

The CeCu4Al compound was prepared by induction melting of stoichiomet-
ric amounts of the constituent elements in a water-cooled boat, under an argon
atmosphere. The ingots were inverted and melted several times to ensure ho-
mogeneity. The crystal structure was established by a powder X-ray diffraction
technique, using Cu Kα radiation. The CeCu4Al compound crystallises in the
hexagonal CaCu5-type of structure, space group P6/mmm. The lattice constants
are a = 5.175 Å and c = 4.148 Å.

Heat capacity measurements were performed by PPMS commercial device
(Quantum Design) in Košice and Prague, in the temperature range 0.5–300 K
by relaxation method using two-τ model. The magnetic susceptibility and the
magnetization curves were measured on the MagLab 2000 System (Oxford Instru-
ments Ltd.).

3. Results

Figure 1a shows the temperature dependence of the heat capacity C(T ) of
CeCu4Al in the temperature range 0.5–300 K and in zero magnetic field. We have
not seen any real sign of the magnetic order down to 0.5 K. In order to compare
with previous results [1–3] we present in Fig. 1b the low temperature part of
C(T )/T behaviour. The extrapolation to T = 0 K of the temperature range above
11 K yields a γ value of about 210 mJ mol−1 K−2. This value confirms the heavy
fermion character of this compound. Extrapolation of the lowest temperatures
range of C/T (T 2) yields the value of 2.2 J mol−1 K−2. The observed behaviour
is in a qualitative agreement with Refs. [1, 2]. Our magnitudes of C(T ) and γ are
smaller, except the lowest temperature extrapolation.

Fig. 1. (a) The heat capacity C(T ) of polycrystalline CeCu4Al up to 200 K. (b) Low

temperature C/T dependence as a function of T 2, used to determine a γ value.

However, we have observed a maximum at about 2.5 K in C(T ) dependence.
Therefore, to study the origin of this maximum we have measured the influence of
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magnetic fields on the low temperature part of C(T ) of CeCu4Al. In Fig. 2 this
behaviour is presented for magnetic fields up to 9 T. We observed that above 20 K
there is no important influence of the magnetic field on C(T ). Below 20 K and
above maximum, one could see the increasing magnitudes with increasing magnetic
fields. Below maximum the situation is opposite. The maximum itself is shifting to
higher temperatures with increasing magnetic fields. The magnetic field does not
influence the γ value determined for T > 11 K. The C/T extrapolation for lowest
temperatures decreases with increasing magnetic field as in [3]. However, small
maximum appears above 4 T. At 9 T the extrapolated γ value from maximum
yields to a 0.73 J mol−1 K−2, while lowest temperatures extrapolation yields to
0.55 J mol−1 K−2.

Fig. 2. The low temperature part of the heat capacity C(T ) of the polycrystalline

CeCu4Al in the applied magnetic fields up to 9 T.

In Fig. 3a the temperature dependence of magnetic susceptibility χ−1(T ) is
presented. The measurements did not reveal the magnetic transition. Above about
40 K χ−1(T ) follows a Curie–Weiss law with the effective magnetic moment µeff =
2.54µB and the paramagnetic Curie temperature θp = −10 K. The experimental
value of µeff is equal to the calculated one for a free Ce3+ ion µeff = g[j(j +
1)]−1/2 = 2.54µB, thus indicating the presence of well localized magnetic moments
carried by the stable Ce3+ ions. At low temperatures the χ−1(T ) curve deviates
from the straight-line behaviour. This deviation correlates with the maxima in
C(T ). Therefore, we suppose their probable crystal electric-field (CEF) origin like
Schottky anomaly.

The magnetic field dependences of magnetisation are presented in Fig. 3b.
The temperature evolution confirms the previous observation and the absence of
magnetic ordering down to 2 K. From this we conclude that CeCu4Al is in the
heavy fermion state at low temperature. The magnetic field behaviour of C(T ),
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Fig. 3. (a) The magnetic susceptibility χ−1(T ) of CeCu4Al. (b) Magnetization M(H)

of CeCu4Al for different temperatures.

χ−1(T ), M(T ) and the maximum in C(T ) at 2.5 K hints to the probable presence
of antiferromagnetic impurities.

In conclusion, we have measured the heat capacity of polycrystalline
CeCu4Al as function of an applied magnetic field. We observe typical heavy
fermion behaviour with γ value of about 210 mJ mol−1 K−2. The C/T extrapo-
lation for lowest temperatures decreases with increasing magnetic field as in [3].
At 9 T the extrapolated γ value from maximum yields to a 0.73 J mol−1 K−2,
while lowest temperatures extrapolation yields to 0.55 J mol−1 K−2. We have ob-
served at about 2.5 K a maximum in C(T ) dependence. The measurements of the
magnetic susceptibility confirm the observations derived from the heat capacity.
Above about 40 K χ−1(T ) follows a Curie–Weiss law with the effective magnetic
moment µeff = 2.54µB and the paramagnetic Curie temperature θp = −10 K.
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