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We report a detailed study of the resistivity (ρ(T )) and thermoelectric power (S(T )) of the alloy U0.05 Y0.95 Al2 , which crystallises in the cubic
MgCu2 -type structure. The resistivity is found to follow ρ(T ) ∝ ln T between
15 and 40 K and a quasi-linear temperature dependence −T 1.16 for T < 10 K.
At a magnetic field of 9 T a Kondo-type maximum occurs in the resistivity
data at 7 K, below which the Fermi liquid behaviour (ρ(T ) ∝ T 2 ) is recovered. S(T )/T shows a T 0.5 power law for T < 12 K. The low-temperature
unconventional features observed in U0.05 Y0.95 Al2 are presumably due to the
presence of the two-channel Kondo effect.
PACS numbers: 72.15.Jf, 72.15.Qm

1. Introduction
The non-Fermi liquid (NFL) ground state in strongly correlated electron
systems, which are subjects of intensive theoretical and experimental studies [1, 2],
may have different physical origins. On one hand, a number of NFL systems
have been suggested to locate near to a quantum critical point at T = 0 K. The
NFL properties of these systems in general are caused by fluctuations of an order
parameter in the vicinity of second-order phase transition. On the other hand, NFL
behaviour observed in diluted f -electron systems has been attributed to connect
with some kind of disorder. In the latter systems, multichannel Kondo effect or
distribution of the Kondo temperatures are possible sources of NFL behaviour.
The evolution of non-Fermi liquid state in the solid solutions U1−x Yx Al2 is
interesting, since the NFL feature appears for x = 0.85–0.95 when spin fluctuations
present in UAl2 become suppressed [3]. However, the role of crystallographic
disorder seems also to rely on an introduction of spin glass feature, and therefore
the microscopic mechanism behind the NFL behaviour is not fully clarified yet.
In the present work, we report a detailed study of electron transport properties of
U0.05 Y0.95 Al2 . We hope that the data presented in this contribution will give new
insight into the nature of the NFL state observed in this alloy.
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2. Results and discussion

Polycrystalline sample of U0.05 Y0.95 Al2 was prepared by arc melting stoichiometric amounts of high-quality metals. The sample after annealing for one
week at 650◦ was checked by X-ray diffraction and electron microprobe analysis.
All reflections in the room-temperature X-ray diffraction pattern were indexed to
belong to the proper cubic MgCu2 -type structure (space group F d3m). The lattice parameter a of the studied sample was refined to be 7.859(3) Å, practically
the same as was previously reported [3].
Figure 1a shows the temperature dependence of the electrical resistivity for
U0.05 Y0.95 Al2 . The measurements were performed using a standard four-probe
technique with excitation currents of 10 mA and frequency of 37 Hz. It has a weak
temperature dependence, suggesting an influence of atomic disorder. Furthermore,
an occurrence of minimum at about Tmin = 60 K and visible lnT dependence
(dashed line in Fig. 1a) below Tmin imply the presence of the Kondo effect in
this alloy. Assuming the Kondo temperature (TK ) to be the point, at which the
resistivity data deviate from logarithmic behaviour, one estimates TK = 15 K for
U0.05 Y0.95 Al2 . For temperatures below 10 K, the data can be fitted by power law
dependence ρ(T ) ∼ T n with n = 1.16(±0.08), and the power law behaviour is
demonstrated as solid line in Fig. 1a. It is worthwhile to recall that the power
law exponent n ranging from 1 to 1.5 was predicted by Rosch [4]. The author has
considered the interplay of disorder and spin fluctuations near a quantum critical
point, where magnetism has just been suppressed to T = 0 K. On the other hand,
the value n = 1 is commonly found for other NFL diluted systems, for instance,
U1−x Yx Pd3 [5], U1−x Thx Pd2 Al3 [6], U1−x Yx Pd2 Al3 [7] and (La1−x Ux )2 Zn17 [8].
For these solid solutions, the two-channel Kondo model was postulated, though
there exists discrepancy with the theory, which predicts n = 0.5.
The electrical resistivity measured in magnetic fields up to 9 T is displayed
in the inset of Fig. 1a. It is clear that the data in fields up to 1 T show a similar
behaviour as that at 0 T. Interestingly, the resistivity curves show a change of
curvature at fields between 3 and 5 T, from the negative derivative dρ/dT to
positive one. A detailed analysis of the data at 7 and 9 T revealed the development
of maximum located at 7 K. The appearance of this maximum is expected for
the Kondo systems, since the magnetic fields reduce the Kondo interactions and
then the maximum is a result of competitive interactions between the Kondo
and phonon contributions. This maximum together with the observation of a
ρ(T ) ∝ T 2 dependence below 4 K for the data collected at 9 T stress the recovering
of the Fermi liquid behaviour by the applied magnetic fields.
In Fig. 1b we show the thermoelectric power of U0.05 Y0.95 Al2 measured
by a differential method. The alloy displays a Kondo-like increase at elevated
temperature range and a positive maximum of about 13 µV/K at Tmax = 42 K. It
should be mentioned that a similar S(T ) behaviour has been observed for a number
of Ce-based Kondo systems [9], and can be explained with the help of the single-
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Fig. 1. (a) Electrical resistivity of U0.05 Y0.95 Al2 . Inset: the ρ(T ) data in several magnetic fields. Let us note that the data were normalised to value at 15 K. (b) Thermoelectric power S(T ) of U0.05 Y0.95 Al2 . The inset shows a power T 1/2 law behaviour.

-impurity Kondo effect model [10, 11]. Accordingly to the model, a maximum with
large magnitude is expected to locate around the characteristic temperature of the
order of the Kondo temperature TK . A remarkable feature of U0.05 Y0.95 Al2 is its
low-temperature behaviour (see inset of Fig. 1b). Below 10 K, the S(T )/T curve is
well described by a power T 1/2 law, consistent with predictions of the two-channel
Kondo effect [12]. This dependence may be associated with the unconventional
behaviour observed previously in the specific heat [3]. Nevertheless, one may recall
that there are few experimental reports on thermoelectric power of NFL systems
[13–15], but none of them does not show a power T 1/2 law expected for the twochannel Kondo effect yet.
In summary, we have investigated a sample of U0.05 Y0.95 Al2 by means of
electrical resistivity and thermoelectric power measurements. The studied physical
properties exhibit several interesting features: (i) The resistivity shows a quasi-linear temperature dependence below 10 K and the Kondo-type minimum at
60 K. (ii) In the magnetic field range of 3–5 T the ρ(T ) curves change curvatures
and above 7 T the Fermi liquid behaviour with a coherence-like maximum and
T 2 dependence recovers. (iii) The low-temperature thermoelectric power S(T )/T
follows a T 1/2 power law. Thus the measured electron transport properties may
support the NFL state previously observed in U0.05 Y0.95 Al2 . Moreover, our data
tend to argue an interpretation in terms of the two-channel Kondo scenario.
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