
Anisotropy effects in the Kondo insulator
CeRu4Sn6

J. Hänel, H. Winkler, K.-A. Lorenzer, J. Custers, A. Prokofiev, A.Sidorenko and S.Paschen
Institute of Solid State Physics, Vienna University of Technology, 1040 Vienna, Austria

Abstract

Kondo insulators represent a special class of heavy
fermion systems where a half-filled conduction band
hybridizes with an almost dispersionless 4f level re-
sulting in a heavy quasiparticle band with a small
energy gap of a few meV at the Fermi level. The
tetragonal crystal structure of the Kondo insula-
tor CeRu4Sn6 (Figure 1) places it inbetween the
archetypal cubic Kondo insulators like YbB12 or
Ce3Bi4Pt3 and the orthorhombic Kondo semimetals
CeNiSn and CeRhSb [1, 2]. Investigations of possi-
ble anisotropies - or even nodes - of the Kondo insu-
lating gap in CeRu4Sn6 are of central interest.
We show for the first time electrical resistivity, Hall
effect and Hall mobility data of single crystals of
this compound along three different crystallographic
directions. Magnetic susceptibility and magnetiza-
tion data shown previously [3] are complemented
with data obtained from torque measurements. Large
anisotropy effects are revealed in all these physical
properties, both between the tetragonalc direction
and the basal plane and within a quasi cubic cell aris-
ing in this compound due to the lattice parameter in
the [0 0 1] direction almost matching the lattice spac-
ing in the [1 1 0] direction [3].

Results

Figure 5 shows the temperature dependence of the
electrical resistivity. It ressembles the behaviour typ-
ically found in Kondo insulators.
Dc susceptibility measured with a SQUID magne-
tometer along the crystallographic directions [1 0 0],
[0 0 1] and [1 1 0] is displayed in Figures 2 and 3. The
c-axis is identified as the hard axis. The value of the
susceptibility in this direction,χc, was remeasured by
means of torque magnetometry. The torque data re-
veal a significantly lower value ofχc than measured
directly in a SQUID. The same effect is observed in
the magnetization data (Figure 4). This is attributed
to the torque magnetometry being less prone to mis-
alignements of the sample.
Figures 6 and 7 show the Hall constant and the Hall
mobility with the current applied along the three dif-
ferent crystallographic directions. The field is always
applied perpendicular to the current. The mobility
data again shows pronounced anisotropy between the
a- andc-, as well as between thec′- andc-direction.

FIGURE 1: Crystal structure of CeRu4Sn6 and scheme of
the quasi cubic cell within the tetragonal cell.
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FIGURE 2: Temperature dependence of the magnetic sus-
ceptibility, χ(T ), of a CeRu4Sn6 single crystal with field
applied along thea- and thec-direction. Comparison of
the SQUID data with susceptibilityχc(T ) computed from
torque data.
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FIGURE 3: Temperature dependence of the magnetic sus-
ceptibility, χ(T ), of a CeRu4Sn6 single crystal with field
applied along thec′- and thec-direction. Comparison of
the SQUID data with susceptibilityχc(T ) computed from
torque data.
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FIGURE 4: Magnetic field dependence of the magnetiza-
tion, M(µ0H), of CeRu4Sn6, taken at 3 K for fields ap-
plied along the three crystallographic directionsa, c and
c′. Comparison of the SQUID data with magnetization
Mc(µ0H) computed from torque data.

Interpretation

A crystal field model can describeχa andχc′, but fails
to account for the very small values ofχc. We at-
tribute this to the opening of an energy gap alongc.
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FIGURE 5: Temperature dependence of the electrical re-
sistivity, ρ(T ), of single crystalline CeRu4Sn6 with the
current applied along the crystallographic directionsa, c
andc′.
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FIGURE 6: Temperature dependence of the Hall constant
RH(T ) of a CeRu4Sn6 single crystal, with the current
alonga, c andc′.
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FIGURE 7: Temperature dependence of the Hall mobil-
ity, µH(T ), of a CeRu4Sn6 single crystal, with the current
alonga, c andc′.

Conclusion

Anisotropy is observed in all the examined physical
properties along the fundamental crystal directions
of CeRu4Sn6.
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