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Anisotropic Magnetic Properties of URhIn5 Compound
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We report on synthesis and anisotropic physical properties of URhIn5. High quality single crystals were grown
from In self-�ux. The compound undergoes a second-order phase transition into an antiferromagnetic state at
TN = 98 K. The transition is magnetic �eld independent up to 9 T. An increase of the resistivity ρ with j along
the [100], [110] and [001] tetragonal axis indicates a spin-density-wave induced order with the gap opening �rst
along the [001] direction. The magnetic susceptibility χ = M/H exhibits a strong anisotropy. Above T = 200 K,
χ(T ) follows the Curie�Weiss law with the e�ective moment of µeff = 3.71 µB/U and the Weiss temperatures of
θ

[100]
P = −900 K and θ

[001]
P = −500 K for H ‖ [100] and H ‖ [001], respectively. The characteristic Kondo-like

temperature for URhIn5 yields TK = 125 K.
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1. Introduction

In an early manuscript of Monthoux et al. [1] it was
noted that a tetragonal lattice structure is a preferred
host for unconventional superconductivity where pair-
ing of the Cooper pairs is mediated by antiferromagnetic
spin �uctuations. It was further pointed out that in-
creasing dimensionality from 2D-like (tetragonal) to 3D
(cubic structure) while keeping otherwise the same condi-
tions, would lead to a decrease of Tc. Exemplary for their
magnetic interaction model is the CenT In3n+2 group of
compounds where T stands for a transition element (Co,
Rh, Ir) and n signi�es the dimension of the CeIn3 struc-
ture. n = ∞ denotes the cubic (3D) CeIn3. With de-
creasing n the dimensionality becomes more 2D. For in-
stance, CeCoIn5 shows a superconducting transition tem-
perature exceeding 2 K. Inserting an additional layer of
CeIn3 into CeCoIn5 gives Ce2CoIn8. This compound is
more 3D. In line with the model Tc is reduced being only
0.4 K [2]. Furthermore, the pure 3D compound CeIn3

shows superconductivity at even lower temperature, i.e,
below Tc = 0.2 K [3]. Recently the CenT In3n+2 com-
pounds have come into focus for being excellent candi-
dates to study the e�ect of dimensionality on the ground
state properties. The parameter dimensionality plays a
key role in the global phase diagram of heavy fermions [4].
While the cerium 4f electron in general is strongly

bound to the core, typically the properties of the ac-
tinide compounds are characterized by the large spatial
extent of the 5f wave function. A comparison with Ce
counterpart can shed light on the in�uence of strong hy-
bridization of U 5f -electron states of valence electrons
of ligands.
Among the ternary uranium compounds URhIn5 is the

�rst known representative of this group. The material
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orders antiferromagnetically below TN = 98 K. The Som-
merfeld coe�cient is weakly enhanced yielding γ =
50 mJ mol−1 K−2 [5]. The ground state properties of
URhIn5 resemble those of UIn3 parent compound [6].
In this paper we report on the single crystal growth and
physical properties of this novel material, we focus on the
anisotropy of the magnetic properties in detail.

2. Experimental

Single crystals of URhIn5 were grown using In self-
�ux method. High quality elements U (puri�ed by SSE),
Rh (3N5), and In (5N) with starting composition of
U:Rh:In = 1:1:25 were placed in an alumina crucible.
The crucible was further sealed in an evacuated quartz
tube. The ampoules were then heated up to 1050 ◦C,
kept at this temperature for 10 h to homogenize the mix-
ture properly and consequently cooled down to 750 ◦C
in 100 h. After decanting, plate-like single crystals with
typical dimensions of 1× 1× 0.5 mm3 were obtained.
Homogeneity and chemical composition of the single

crystals were con�rmed by scanning electron microscope
(Tescan MIRA I LMH SEM). The apparatus is equipped
with energy dispersive X-ray analyzer (Bruker AXS).
The crystal structure was determined by X-ray powder
di�raction (Bruker D8 Advance di�ractometer) and sin-
gle crystal X-ray di�raction (Rigaku Rapid). The ob-
tained di�raction patterns were re�ned according to stan-
dard Rietveld technique using FullProf/WinPlotr soft-
ware [7]. The X-ray analysis revealed the HoCoGa5-type
structure with lattice parameters a = 4.6159(2) Å and
c = 7.4120(6) Å which corresponds to previously pub-
lished values by Matsumoto and co-workers [5].
The electrical resistivity measurements were done uti-

lizing standard four-point method down to 2 K in a Phys-
ical Property Measurement System (PPMS). The speci�c
heat measurements were carried out using the He-3 op-
tion of the PPMS. Temperatures as low as 400 mK were
reached. Magnetization measurements were performed in
a magnetic property measurement system (MPMS) de-
vice from 2 to 300 K and magnetic �elds up to 7 T.
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3. Results and discussion

Figure 1 shows the temperature dependence of the spe-
ci�c heat C(T ) divided by temperature. The clear λ-
shaped anomaly at TN = 98 K indicates a second-order
phase transition in agreement with Ref. [5]. However,
contrary to those data, no additional feature in C(T ) at
T ≈ 40 K is observed attesting measurement on single
phase sample. The magnitude for the phonon contribu-
tion was determined from a C/T = γ + βT 2 �t to the
data (�t interval 1 K < T < 10 K). The value of the
Sommerfeld coe�cient yields γ = 60.7 mJ mol−1 U K−2.
The value of β coe�cient equals to 3.3 mJ mol−1 U K−4

and corresponds to a Debye temperature TD = 165 K.
These values are close to those presented in Ref. [5].
The inset of Fig. 1 presents data in applied magnetic �eld
of 9 T along along the [001]-axis. The direct comparison
with zero �eld measurement reveals that the position of
TN is almost una�ected within experimental uncertainty.
Interestingly, the CeRhIn5 counterpart is rather insensi-
tive to the application of magnetic �eld along the same
direction as well [8].

Fig. 1. Temperature dependence of the speci�c heat
divided by temperature. The transition into the an-
tiferromagnetic state at TN = 98 K is marked by an
arrow. Inset: comparison of C/T in zero and in applied
magnetic �eld of 9 T along the [001] axis.

Figure 2 summarizes the overall temperature depen-
dence of the electrical resistivity for current j applied
along the [100], [110] and [001] axes. The room tem-
perature resistivity equals 180 µΩcm in the basal plane
and is only slightly lower for the c-axis direction ρ[001] =
170 µΩcm. Note that ρ[100] (300 K) is almost the same as
reported by Matsumoto and co-workers [5]. Above TN,
the resistivity in all directions shows rather weak tem-
perature dependence with positive �metallic� tempera-
ture coe�cient dρ/dT . The resistivity exhibits a smooth
change from high-temperature concave-like decrease to
low-temperature convex one with in�ection point at ≈
125 K. The data manifest distinct anomalies with on-
set at around ≈ 100 K for ρ[001] and at a slightly lower

temperature T = 98 K for ρ[100] and ρ[110], respectively,
which is reminiscent of the Néel temperature anomaly for
ρ(T ) in pure Cr [9] � a spin-density-wave (SDW) antifer-
romagnet. Accordingly, the onset marks TN and the in-
crease in resistivity results from opening of the SDW gap.
Hence, the higher onset temperature of the anomaly in
ρ[001] strongly suggests that opening of the gap occurs
primarily along this direction. Below TN the resistiv-
ity in all directions drops rapidly. The temperature de-
pendence of ρ down to lowest T can be �tted using the
equation appropriate for an energy gap (∆) antiferro-
magnet with and additional T 2 Fermi-liquid term, be-
ing: ρ(T ) = ρ0 +AT 2 +DT (1 + 2T/∆) exp(−∆/T ) [10].
Best �tting of ρ[100] gives a residual resistivity value
ρ0 = 1 µΩcm, an electron�electron scattering coe�cient
of A = 0.013 µΩcm K−2, an electron�magnon and spin-
disorder scattering prefactor D = 0.35 µΩcm K−1 and
∆ = 82 K. Our �t yielded similar values of the pa-
rameters for current along [110] direction. However, in
the case of j ‖ [001], we obtained a somewhat higher
value of ∆ = 119 K. Figure 3 shows the temperature

Fig. 2. Temperature dependence of the electrical re-
sistivity for current applied along [100], [110] and [001]
directions. The arrow marks the onset of the anoma-
lies. The inset shows the transition in more detail.
Dashed line shows TN obtained from heat capacity
measurements.

dependence of the magnetic susceptibility in a magnetic
�eld of 2 T oriented along [100] and [001]. Our data
resemble the susceptibility data presented in Ref. [5].
The inverse magnetic susceptibility follows the Curie�
Weiss law above 200 K with an e�ective magnetic mo-
ment µeff = 3.71 µB/U, which is very close to the U3+

ion value (3.62 µB). Rather more striking are the large
negative Curie�Weiss temperatures θ[001]

P = −500 K for
H ‖ [001] and θ

[100]
P = −900 K for H ‖ [100], in-

dicative strong predominant antiferromagnetic spin ex-
change. The signi�cant di�erence between the val-
ues θ[001]

P and θ[100]
P points to strong magnetocrystalline

anisotropy in URhIn5. The observed shallow maximum
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in χ(T ) for H ‖ [001] at ≈ 150 K is in agreement with
that observed before [5] and discussed in context of a
characteristic Kondo scale. When assuming that the
Kondo physics applies in URhIn5 and neglecting crys-
tal �eld in�uence, the Kondo temperature amounts to
TK = |θP|/4 giving 125 K when inserting θ

[001]
P [11].

This temperature coincides with the in�ection point in
ρ(T )[001] suggesting a common origin of both. Notewor-
thy, the χ(T ) curve for H ‖ [100] at low temperatures
T < 40 K di�ers signi�cantly from published data [5].
The increase of the susceptibility, as is seen in Fig. 3, is
much less pronounced. This observation could point to
an extrinsic nature of the upturn which means a smaller
amount of impurities in our sample compared to Ref. [5].

Fig. 3. Temperature dependence of magnetic suscep-
tibility for magnetic �eld oriented along the [100]
and [001] direction. Vertical dashed line marks the tran-
sition temperature TN obtained from speci�c heat.
The inset shows the inverse susceptibility and Curie�
Weiss �t for magnetic �eld oriented along [001]
and [100] direction.

4. Conclusions

High quality single crystals of the antiferromagnetic
URhIn5 compound were successfully synthesized. Our re-
sults of speci�c heat and magnetic susceptibility mea-
surements are in good agreement with previous results
of Matsumoto and co-workers [5]. The compound or-
ders antiferromagnetically below TN = 98 K. Resis-
tivity data reveal anisotropy in the spin-gap struc-
ture, with larger gap along the [001] crystal axis.
In addition, we showed that TN is robust against
magnetic �eld up to 9 T. Furthermore, the com-
pound exhibits a strong magnetocrystalline anisotropy.
URhIn5 is the �rst representative of the layered
tetragonal family of materials based on UIn3 build-
ing blocks. Recalling the plenitude of intriguing phe-
nomena reported in CenT In3n+2 compounds the inves-
tigation of hypothetical U2T In8 and UT In5 materials
is highly desirable.
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