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The magnetization and electrical resistivity measurements on a CePdIn single crystal as well as its preparation
and structural characterization are presented. The negative paramagnetic Curie temperatures indicate antiferromagnetic ground state, the anisotropy of the paramagnetic Curie temperature amounts 22.7 K. No ferromagnetic
correlations were indicated. Powder neutron diffraction experiment performed at temperatures down to 0.4 K did
not lead to observation of any magnetic peak in diffraction patterns. We estimate the magnetic moment on Ce
atoms to be significantly lower than 0.5 µB . The temperature development of lattice parameters documents the
standard thermal expansion of the unit cell; no signs of structural phase transition were observed.
DOI: 10.12693/APhysPolA.131.970
PACS/topics: 61.05.F–, 71.27.+a, 72.15.Eb

1. Introduction
The ternary hexagonal CeTIn compounds, where
T = Ni, Pd, Pt, crystallizing in ZrNiAl-type structure
(space group P-62m) [1], attract the attention already
many years. The electronic properties depend strongly
on d-element T despite the fact that this substitution is
isostructural and isoelectronic, i.e. only the character of
d-electrons and lattice parameters are changed. CeNiIn
is a valence fluctuating compound without magnetic order, at least down to 50 mK, and with moderately enhanced electronic specific heat at low temperatures [2].
The antiferromagnetic order with the Néel temperature
TN = 1.7 K was observed in CePdIn [3, 4]. CePtIn with
paramagnetic ground state and anomalous specific heat
development at low temperatures stands on the border
between CeNiIn and CePdIn counterparts [1, 2, 5, 6].
Antiferromagnetically ordered CePdIn reveals additional anomaly on specific heat data at TA = 0.9 K [3].
The presence of this anomaly has not been explained
so far. The suspicion on further magnetic phase transition was reported, however no microscopic evidence has
been obtained. The substitution of Pd by a few percent
of Rh [7], Ni [8], or Pt [9] results in a usual one-peak
anomaly in specific heat. With Ni (or Rh or Pt) substitution the Ruderman–Kittel–Kasuya–Yoshida (RKKY)
interaction in the CePdIn compound is weakening and
with a 40% of Ni content the Kondo interaction dominates and nFL or rather anomalous nFL behavior occurs [8]. The value of C/T ≈ 0.7 J K−2 mol−1 at temperature of 60 mK observed in CePdIn [3] classifies the
compound as a heavy-fermion system.
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Previous studies on CePdIn were focused on temperature development of physical properties. The present single crystal study brings additional information on magnetization and mainly electrical resistivity in applied magnetic field. The powder neutron diffraction data reveal the temperature evolution of lattice parameters in
CePdIn.
2. Experimental methods
Single crystalline CePdIn was prepared by the
Czochralski growth method using the tri-arc furnace under protection of an argon atmosphere. The quality and
crystal symmetry were verified by both X-ray powder and
single crystal Laue diffraction. The chemical composition
was checked using scanning electron microscope equipped
with an energy dispersive X-ray (EDX) analyzer.
The MPMS and PPMS (magnetic/physical property
measurement system, Quantum Design) were used for the
magnetization and electrical resistivity measurements,
respectively. The same prism-shape samples (with longedge cut along and perpendicular to the c-axis) with mass
≈ 30 mg were used for both types of measurement.
The powder neutron diffraction experiments at temperatures from 0.4 to 250 K were performed using focusing powder diffractometer E6 at Helmholz Zentrum
Berlin, Germany (λ = 2.443 Å) and thermal diffractometer D1B at the Institut Laue–Langevin, France (λ =
2.529 Å).
3. Results and discussion
The X-ray diffraction on prepared sample proved
hexagonal ZrNiAl-type structure unambiguously. The
refinement of the structural parameters from diffraction
patterns (at room temperature) was done using the Rietveld analysis employing the Fullprof program [10] leading to parameters: a = 7.71(1) Å, c = 4.08(1) Å,
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xCe = 0.587(2), xIn = 0.247(2). The temperature evolution of lattice parameters was investigated employing
D1B diffractometer. The parameters a and c as well
as elementary unit volume decrease linearly with decrease of temperature down to ≈ 50 K, see Fig. 1. At
lower temperatures, the lattice parameter a remains almost constant. No evidence of structural phase transition is observed. Thermal expansion is well described
by the change of unit cell volume with temperature:
V (T ) = V0 [1 + β(T − T0 )], where V0 is the volume at
T0 and β is the volume thermal expansion coefficient.
Taking T0 = 40 K and thus V0 = 69.36 Å3 we got
β = 3.9×10−5 K−1 . The atomic positions in the unit cell,
xCe and xIn , remain constant with varying temperature.
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at around 1.7(2) K corresponds to the antiferromagnetic
phase transition as revealed from specific heat measurement [3]. No anomaly around 0.9 K was observed in
contrast to specific heat measurement [3]. The electrical resistivity value at low temperatures is significantly
lowered by applied magnetic field (Fig. 2) as the field
influences the magnetic moments of Ce atoms and presumably aligns them along the field direction.

Fig. 2. Temperature development of electrical resistivity in low-temperature region and in several magnetic
fields.

Fig. 1. Temperature evolution of lattice parameters
measured using D1B neutron diffractometer at ILL.

In the paramagnetic region, the temperature dependences of magnetization (not shown) follow the Curie–
Weiss law. The obtained value of effective magnetic moment, µef f = 2.59(2) µB for magnetic field oriented both
parallel and perpendicular to the c-axis, is very close to
the Ce3+ free ion value of 2.54 µB . The negative paramagnetic Curie temperatures, θp = −34.1 and −56.8 K,
respectively, indicate antiferromagnetic ground state in
CePdIn. These data are generally well in agreement
with Ref. [1], although, the values of θp obtained by our
measurements are somewhat lower than those in Ref. [1].
Nevertheless, the measure of the anisotropy of the paramagnetic Curie temperature ∆θp = 22.7 K remains practically the same (∆θp = 22.0 K [1]). The magnetic field
dependence of magnetization was measured as well. The
magnetic field was applied along both principal directions
leading to very similar results as obtained for isostructural CePtIn [6]. The value of magnetization measured
at 1.8 K and in 7 T reaches value of 0.41 µB /f.u. and
seems to further increase with increase of field.
The temperature dependence of electrical resistivity
develops fully in agreement with previously published
data [1]. In this work, we focus on the low-temperature
development of electrical resistivity in magnetic fields
(Fig. 2). The broad anomaly on resistivity data around
3 K can be attributed to the Kondo effect. Another kink

Fig. 3. Magnetic field dependence of electrical resistivity measured at temperatures below and above TN .

The magnetoresistance (MR) data are shown in Fig. 3.
The measurements with magnetic field along and perpendicular to the c-axis at 0.4 K reveal quite different
behavior. The measurement for H ⊥ c exhibits a small
positive magnetoresistance in magnetic fields up to 4.5 T
and a negative MR in higher fields (around –35% in field
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of 9 T). The negative MR, which turns to positive one
in ≈ 3 T field, is present for arrangement with H k c.
In magnetic fields higher than 5 T the negative magnetoresistance is observed (down to –50% in 9 T field).
The above described behavior is observed for MR curves
measured at temperatures below TN . The suppression
of the Kondo scattering with increasing field as well as
the influence of field on the RKKY interaction could be
marked as the origin of observed behavior. In the paramagnetic state, the regular development with negative
MR is observed.

to determine the magnetic structure of CePdIn and it is
highly desirable.
4. Conclusions
CePdIn single crystal was studied by means of magnetization and electrical resistivity measurements. The
magnetic ordering temperature was found to be 1.7 K in
accordance with previous studies. The powder neutron
diffraction studies did not reveal any magnetic peak at
temperatures down to 0.4 K, the magnetic moment on
Ce atoms is estimated to be lower than 0.5 µB . The single crystal neutron diffraction study is desirable to reveal
the ground state magnetic structure.
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