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Magnetic ordering at 2.0 K is inferred from resistivity measurements on URh,Ge,. The transition temperature is not
sensitive to applied pressure, suggesting stability of the magnetic moment of uranium in this material.

Neutron diffraction measurements of polycrystal-
line samples showed [1] that UPd,Si,, UPd,Ge, and
URh, Si,, all belonging to the tetragonal ThCr,Si,-
type structure (space group [4/mmm), undergo an anti-
ferromagnetic phase transition at 150, 140 and 137 K
respectively. This is consistent with results of magnet-
ic susceptibility measurements by Zygmunt [2]
where the occurrence of an antiferromagnetic phase
transition in these materials was first suggested. In the
case of URh, Ge,, however, neutron diffraction and
magnetic susceptibility results did not agree. Accord-
ing to the susceptibility measurements, URh,Ge, al-
so undergoes an antiferromagnetic phase transition at
8 K; whereas the neutron measurements did not reveal
any magnetic phase transition down to 4.2 K. The mo-
tivation for us to undertake resistivity measurements
on URh,Ge, was to investigate the occurrence of a
possible magnetic phase transition below 4.2 K and
to examine the anomaly, if any, in the resistivity of
this material in the neighbourhood of 8 K. In the fol-
lowing we present evidence suggestive of a magnetic
phase transition in URh,Ge, at 2.0 K.

Polycrystalline samples of URh,Ge, were pre-
pared by arc melting stoichiometric quantities of the
elements. The buttons were flipped over a number of
times to ensure good homogeneity of the material.
The ac resistivity p(T’) was measured using a standard
four-probe and lock-in detection technique. We have
also studied the pressure effects on the resistive be-
haviour up to 16 kbar. The high pressure cell employ-
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ed in these measurements has been described else-
where [3]. The pressure was monitored using super-
conducting lead as a manometer.

Fig. 1 shows the temperature variation of the re-
sistivity at ambient pressure. The inset of the figure
shows an enlarged view of the resistivity as a function
of temperature below 20 K. It is very clear that the
resistivity exhibits a precipitous fall at 2.0 K. We at-
tribute this behaviour to a magnetic phase transition
in URh,Ge; below 2.0 K. No unusual behaviour in
the resistivity is observed in the neighbourhood of 8
K which rules out a magnetic phase transition at this
temperature. Thus our results are in conformity with
the neutron measurements where no magnetic transi-
tion was observed in this range of temperature. The
shape of the anomaly which the resistivity exhibits at
2.0 K is very much similar to that observed in
CePd, Siy [4] around 10 K (Ty). In CePd,Si,, the
temperature derivative'of the resistivity at the anti-
ferromagnetic transition temperature is positive from
which it was inferred that the new Brillouin zone re-
sulting from antiferromagnetic ordering does not in-
tersect those portions of the Fermi surface that are
important for electronic conduction. We believe that
a similar situation obtains in URh, Ge,.

The resistivity measurements were performed with
pressure as a variable parameter (P < 16.6 kbar). The
results for two pressures P = 5.2 and 16.6 kbar below
20 K are shown as an inset to fig. 1. The temperature
at which the peak in o(T’) (see inset to fig. 1) occurs,
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Fig. 1. Resistive behaviour of URh,Ge,. The precipitous fall of o(T) at 2.0 K signals magnetic ordering in the system. The inset

shows resistivity below 20 K at 5.2 and 16.2 kbar.

remains essentially unchanged and the resistance of
the sample exhibits only a small increase (~5%) over
the entire range of temperature above Ty. The insensi-
tivity of the resistivity to pressure suggests that the
uranium moment is stable and no strong mixed valen-
cy effects exist in the material. This must be contrast-
ed with the situation in CePd,Si, where Ty (~10 K
at ambient pressure) is depressed markedly with pres-
sure [4]. This behaviour is consistent with the existence
of an incipient moment instability in this material
which had been suggested earlier on the basis of the
observation of Kondo side-bands in the resisitvity and
a high spin fluctuation temperature in the magnetic
susceptibility [5].

Though the crystallographic structure of URh,Ge,
(space group P4/mmm) is different [1] from that of
UszGez, UPd2Slz and UR112S12, the uranium sub-
lattice is identical in all these cases. In view. of this, it
is remarkable that URh,Ge, exhibits such a low or-
dering temperature (2 K, this work). As mentioned

above, these materials exhibit magnetic ordering at
temperatures which are nearly the same and are not
very sensitive to the nature of the nonmagnetic ele-
ments. One important feature of the structure of
URh, Ge, is that the nonmagnetic elements are
randomly distributed among various crystallographic
sites. We feel that the disorder among the nonmag-
netic atoms in URh, Ge, damps the RKKY oscilla-
tions and may be responsible for the low ordering
temperature. Further, it is conceivable that besides
RKKY coupling, a super exchange interaction, me-
diated through the paths involving nonmagnetic
atoms, may also play an important role in the effec-
tive magnetic interaction between uranium atoms.
This would be particularly true between uranium
atoms at the corner and the body centre of the unit
cell, which are separated by about 5.8 A rendering
direct overlap of the 5f orbitals rather weak. Due to
the disorder among the nonmagnetic atoms, the sign
and magnitude of this interaction also may fluctuate.
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It should be of interest to examine whether or not
the nonmagnetic atoms in URh,Ge, undergo crys-
tallographic ordering at 2.0 K.

It should be pointed out that superconductivity
has recently been reported in URu,Si, (T; = 0.8 K)
[6]. In this material, the high temperature magnetic
moment per uranium atom is 1.43 ug. There are on-
ly two other known superconducting U-based mater-
ials, namely UPt3 [7] and UBe, 3 [8], with U-U
spacing AU > 4 A. That URu, Si, should exhibit
superconductivity is rather interesting vis-a-vis the
magnetic behaviour of the materials URh,Ge,,
URh, Si,, UPd, Si, and UPd, Ge, in which case also
AUis about 4 A.

To summarise, magnetic ordering at 2.0 K has
been inferred from our resistivity measurements on
URh, Ge,. This temperature is very low compared
to the ordering temperatures of related U-based ma-
terials, viz., URh, Si, , UPd,Si, and UPd,Ge, which
we believe, is due to the disorder of the Rh—Ge atoms
in the lattice. The insensitivity of the resistivity with
pressure suggests that the uranium moment is stable.
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