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Magnetic and electrical transport behavior in the crystallographically disordered
compound U2CoSi3
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A single crystal of the uranium-based ternary silicide U2CoSi3 has been investigated by means of magnetic,
heat capacity, and electrical resistivity measurements, performed in wide ranges of the temperature and magnetic
field. The compound crystallizes with a hexagonal AlB2-type structure with crystallographic disorder in the
nonmagnetic atom sublattice. The results indicate the formation at low temperatures of a ferromagnetic cluster-
glass state, which likely originates from crystallographic disorder in the nonmagnetic atom sublattice of the
hexagonal AlB2-type unit cell. The low-temperature behavior of the electrical resistivity of U2CoSi3 can be
adequately described in terms of theories developed for disordered systems.
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I. INTRODUCTION

Ternary intermetallics with the composition R2TM3,1–3

where R is a rare earth or uranium atom, T stands for a
d-electron transition metal, and M is a p-electron element,
crystallize in various derivatives of the hexagonal AlB2-
type structure.4 In the parent AlB2-type unit cell, the R
atoms occupy the Al positions and form triangles of nearest
neighbors, while the T and M atoms are randomly distributed
over the B sites into trigonal prisms of a primitive hexagonal
array.3 The magnetic phenomena in this family of compounds,
which often have spin-glass-like character, are related not
only to the topological frustration in the triangular magnetic
sublattice but also to frustration of the exchange interaction
between the R atoms introduced by the atomic disorder within
the T-Si positions. The latter effect is a direct consequence of
the fact that hybridization between the f and d electronic states
strongly influences the magnetic coupling. In particular, the
uranium silicides U2T Si3 have been reported to exhibit a wide
variety of magnetic behaviors that are related to the degree
of atomic disorder in the T-Si sublattice.3,5 Phases with the
Si and T = Pt, Pd, or Au atoms randomly distributed on the
same crystallographic positions show properties characteristic
of simple nonmagnetic atom-disorder spin glasses.3,6–10 Alloys
with partially ordered arrangements of the Si and T =
Rh or Ir atoms on the B site often exhibit ferromagnetic
cluster-glass or reentrant spin-glass properties.3,5,11,12 In turn,
fully ordered compounds (those with T = Fe, Ru, and Os)
do not order magnetically down to the lowest temperatures
investigated.3,7,13,14

The uranium silicide U2CoSi3, crystallizing in the AlB2-
type structure, was initially reported to be a reentrant spin-glass
system that undergoes a ferromagnetic transition at the Curie
temperature of 10 K, and then exhibits spin-glass freezing at
about 8 K.2 In subsequent studies, performed on polycrys-
talline samples, the compound was characterized as a weak
ferromagnet,3 or a simple spin glass with strong ferromagnetic
correlations.12 These contradictory results motivated us to
undertake a reinvestigation of this material. Here, we present
the results of our comprehensive study of U2CoSi3 performed
on single-crystalline specimens. The main aim of this study
was to clarify the actual nature of the electronic ground state
in this compound.

II. EXPERIMENTAL DETAILS

A single crystal of U2CoSi3 was grown by the Czochralski
pulling method in a tetra-arc furnace under an ultrapure
argon atmosphere. Its crystal structure was checked by
x-ray diffraction employing an Oxford Diffraction four-circle
diffractometer equipped with a CCD camera, using Mo Kα

radiation. The crystal was found to have a hexagonal structure.
As no superstructure reflection was observed that would hint
at enlargement of the unit cell, a simple primitive disordered
AlB2-type structure was assumed. The lattice parameters
refined from the x-ray data were a = 3.9765(3) Å and
c = 3.8980(3) Å, i.e., close to the values reported in the
literature.2 dc magnetic measurements were performed within
the temperature range 1.72–400 K and in magnetic fields up
to 5 T using a superconducting quantum interference device
magnetometer (Quantum Design MPMS-5). ac magnetic sus-
ceptibility measurements were carried out between 3 and 9 K
within the frequency range 10 Hz–10 kHz. The heat capacity
was studied in the temperature interval 1–15 K and in magnetic
fields up to 2 T. Temperature and magnetic field (applied
perpendicular to the current flowing through the specimen)
variations of the electrical resistivity were determined from 2
to 300 K in magnetic fields up to 9 T. The ac susceptibility, heat
capacity, and electrical transport measurements were made
using a Quantum Design PPMS-9 platform.

III. RESULTS AND DISCUSSION

A. dc magnetization

Figure 1 shows the temperature dependencies of the inverse
magnetic susceptibility measured in an external magnetic field
oriented along the a and c axes of the hexagonal unit cell. As
is apparent from the plot, above about 50 K both variations
follow a modified Curie-Weiss law with the parameters χa

0 =
7 × 10−4 emu/mol, μa

eff = 2.31μB, θa
P = −37 K for B ‖ a,

and χc
0 = 10 × 10−4 emu/mol, μc

eff = 2.1μB, θc
P = 1 K for

B ‖ c. The obtained values of χ0 are typical for U-based in-
termetallics. The magnetic effective moments μeff are smaller
than those predicted for U3+ (3.62μB) and U4+ (3.58μB) free
ions. The pronounced difference between the paramagnetic
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FIG. 1. (Color online) Temperature dependencies of the recipro-
cal molar magnetic susceptibility of U2CoSi3 measured with magnetic
field oriented along the a and c axes of the hexagonal unit cell.
The solid lines represent fits of the modified Curie-Weiss law to the
experimental data.

Curie temperatures θP derived for the two characteristic crys-
tallographic directions reflects magnetocrystalline anisotropy.

Figures 2(a) and 3 show the magnetization in U2CoSi3
taken as a function of the temperature in a constant field of
0.01 T and as a function of the magnetic field strength at a
fixed temperature 1.72 K, respectively. The low-temperature
dependencies of the magnetization were taken in the zero-
field-cooled (ZFC) and field-cooled (FC) regimes. Both figures
reveal magnetocrystalline anisotropy, with the magnetization
component taken along the c axis being distinctly larger than
that measured along the a axis. This situation is different
from that observed in similar systems U2PdSi3 (Ref. 15)
and U2NiSi3 (Refs. 16 and 17), in which the magnetization
component taken within the hexagonal plane is always larger
than that taken along the c axis. The value of the magnetic
transition temperature, defined as an inflection point on the
σ c(T ) curve, amounts to 6.3 K.

The overall behavior of the low-temperature magnetization
in U2CoSi3 may suggest a ferromagnetic ground state. This
is because of several features usually observed for ferro-
magnetically ordered systems: the variations σZFC(T ) and
σFC(T ) show clear bifurcations below a certain temperature,
called the irreversibility temperature Tir, and the σ (B) curves
reveal hysteresis loops and significant remanence. However,
the magnetic moment measured along the easy magnetization
direction (B ‖ c) at 1.72 K in a field of 5 T is rather small,
0.35μB (see the inset to Fig. 3), while the corresponding
σFC(T ) variation shows near 4.5 K a curvature quite unusual
for regular ferromagnets, yet possible for spin-glass-like
systems.18 In order to get more insight into the nature of
the magnetic ground state in U2CoSi3, the low-temperature
magnetization was measured in different applied magnetic
fields. The main finding was that the maximum in the ZFC
variation broadens with increasing magnetic field strength,
while the irreversibility temperature Tir systematically shifts
toward lower temperatures [see Fig. 2(b)]. The inset to Fig. 2(a)
shows Tir plotted as a function of B2/3. The observed linear
character of this variation was theoretically predicted within
the mean-field model to occur in spin glasses.19 Moreover,
this so-called de Almeida–Thouless law was indeed reported

(a)

(b)

FIG. 2. (Color online) (a) Low-temperature dependencies of the
magnetization in single-crystalline U2CoSi3 measured with magnetic
field oriented along two characteristic directions. Full symbols
denote the data taken in the ZFC mode and open symbols refer
to the data obtained in the FC regime. The inset presents the de
Almeida–Thouless line, plotted as Tir vs B2/3. (b) Low-temperature
magnetic susceptibility of U2CoSi3 taken in different magnetic fields
oriented along the c axis in ZFC (full symbols) and FC (open symbols)
regimes. The arrows mark the irreversibility temperatures.

FIG. 3. (Color online) Low-field variations of the magnetization
in single-crystalline U2CoSi3 measured at T = 1.72 K with magnetic
field oriented parallel to the hexagonal axis. Open symbols denote
the data taken with increasing field and full symbols refer to the data
obtained with decreasing field. The inset presents the magnetization
data up to 5 T.
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before for a few other R2TM3 compounds, such as U2IrSi3
(Ref. 12) and Nd2AgIn3 (Ref. 20), which were characterized in
the literature as spin-glass systems. Thus, it seems reasonable
to formulate a hypothesis that in U2CoSi3 also one deals
with a kind of spin-glass state in which extended short-
range ferromagnetic correlations give rise to the formation
of interacting magnetic clusters.

B. ac magnetic susceptibility

In order to verify the spin-glass scenario for U2CoSi3,
the dynamic magnetic susceptibility was studied in a field
of 1 mT applied along the hexagonal c axis (the easy
magnetization direction), and oscillating within the frequency
range 10 Hz � ν � 10 kHz. As displayed in Fig. 4, the
low-temperature dependencies of the real χ ′

ac and imaginary
χ ′′

ac components of the ac susceptibility form pronounced
maxima, whose positions and amplitudes systematically shift
toward higher temperatures with increasing frequency ν. This
behavior is considered as one of the main fingerprints of a
spin-glass state.18,21 The freezing temperature Tf , defined as a
maximum in the χ ′

ac(T ) variation, amounts to 6 K at ν = 10 Hz.
Remarkably, this value is equal to to the transition temperature
evaluated from the dc magnetization data. The parameter

FIG. 4. (Color online) Low-temperature variations of the real
and imaginary components of the ac magnetic susceptibility of
single-crystalline U2CoSi3 measured in an oscillatory field of 1 mT
within the frequency range 10 Hz � ν � 10 kHz applied parallel to
the c axis. The inset presents the correlation between the freezing
temperature and the frequency of the oscillatory magnetic field. Solid
line is the fit discussed in the text.

describing the relative shift of the freezing temperature, δTf =
�Tf/(Tf� log10 ν), is often used to compare the frequency
dependence of Tf in different spin glasses and spin-glass-like
systems. For U2CoSi3, δTf is found to be 0.028, i.e., close
to the values derived for other metallic spin glasses, like,
e.g., URh2Ge2 (δTf = 0.025, Ref. 21), U2PdSi3 (δTf = 0.02,
Ref. 9), or Ce2AgIn3 (δTf = 0.022, Ref. 22).

For most spin glasses the frequency dependence of the
freezing temperature can be properly described by the em-
pirical Vogel-Fulcher law:18,23

ν = ν0 exp[−Ea/(Tf − T0)], (1)

where ν0 is the characteristic frequency, Ea is the activation
energy, and T0 is the Vogel-Fulcher temperature, which may be
related to the true critical temperature of the phase transition
for which Tf is only a dynamic manifestation. T0 might also be
related to the interaction strength between the clusters in a spin
glass.18,24 The inset to Fig. 4 presents the relation between the
frequency and the freezing temperature observed for U2CoSi3.
The line plotted throughout experimental points is a curve
given by Eq. (1) with the least-squares fitting parameters ν0 =
1013 Hz, Ea = 19 K, and T0 = 4.4 K. Clearly, the characteristic
frequency ν0 is of the order of magnitude characteristic of
spin glasses.23 Moreover, the Vogel-Fulcher temperature T0 is
slightly smaller than Tf , as predicted for such systems.

C. Isothermal remanent magnetization

As a further characterization of the magnetic ground state in
U2CoSi3, Fig. 5 shows the reduced isothermal magnetization
decay measured at two different temperatures 1.72 and 2.5 K.
Before each measurement the sample was first zero-field
cooled from a temperature much higher than Tf , and then a
magnetic field of 2 T was applied parallel to the c axis for 5 min.
Afterward, the field was switched off at t = 0 and the time
dependence of the magnetization was recorded. As may be

FIG. 5. (Color online) Decay of the remanent magnetization in
single-crystalline U2CoSi3 as a function of the time. The measure-
ments were carried out at 1.72 and 2.5 K upon application of a
magnetic field of 2 T along the c axis for 5 min before switching it
off. The solid lines are the fits of Eq. (2) to the experimental data.
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inferred from Fig. 5, the decay of the isothermal magnetization
can be well represented by a logarithmic time dependence:25,26

MIRM = M0 + α ln

(
1 + t

t0

)
, (2)

often observed for metallic spin glasses. The parameters M0

and α, called the initial zero-field magnetization and the
magnetic viscosity, respectively, are temperature dependent.
In turn, the coefficient t0 has only limited physical relevance
and depends on experimental conditions. The least-squares
fitting of the above equation to the experimental data of
U2CoSi3 yielded the following parameters: M0 = 3 emu/g,
α = −0.27 emu/g for T = 1.72 K, and M0 = 0.76 emu/g,
α = −0.05 emu/g for T = 2.5 K. These values are compara-
ble to those reported for some other metallic spin glasses of
similar type.26 Such behavior of the magnetization decay is in
line with other magnetic characteristics, pointing all together
to the description of U2CoSi3 as a material with spin-glass
freezing.

D. Specific heat

Figure 6 presents the temperature variation of the specific
heat of U2CoSi3. Remarkably, the magnetic phase transition
manifests itself only as a tiny anomaly in C(T ), located slightly
below the freezing temperature Tf derived from the magnetic
data. This singularity involves only a very small amount of the
magnetic entropy (0.008R ln 2 per U atom), which seems to be
too small for the development of long-range magnetic order.
On the other hand, although in canonical spin glasses the heat
capacity is mostly featureless,8,10,27 for systems isostructural
to U2CoSi3 and described in the literature as spin glasses
with extended ferromagnetic correlations, e.g., U2RhSi3 and
U2IrSi3,11,12 the reported anomalies in C(T ) are very similar
to that observed in the present case.

The inset to Fig. 6 shows the low-temperature specific
heat data presented as C/T vs T 2. As is apparent from
the plot, below Tf the heat capacity can be satisfactorily
approximated by the relation C(T ) = γ (0)T + βT 3 with the
linear specific heat coefficient γ (0) of 180 J/(mol K2). The

FIG. 6. (Color online) Temperature dependence of the specific
heat of single-crystalline U2CoSi3. The freezing temperature is
marked by an arrow. The inset shows the C/T vs T 2 variation. Solid
line emphasizes the straight-line behavior below Tf .

FIG. 7. (Color online) Low-temperature dependencies of the
ratio of specific heat to temperature of single-crystalline U2CoSi3,
measured in magnetic fields applied along the hexagonal c axis.

observed enhancement may be caused by both formation of
heavy quasiparticles and spin-glass freezing, and these two
mechanisms cannot be easily distinguished. As pointed out by
Gschneidner et al.,28 in a system with atomic disorder and/or
topological frustration, an enlarged γ value may be a false
indication of a heavy-fermion ground state.

As demonstrated in Fig. 7, upon application of an external
magnetic field of 0.1 T, directed along the crystallographic c
axis, the maximum in C/T vs T that is associated with the
magnetic transition significantly broadens and its magnitude
diminishes. In stronger magnetic fields, no anomaly in the
specific heat can be recognized. The observed behavior seems
fully consistent with the spin-glass scenario in U2CoSi3.

E. Electrical resistivity

The temperature dependencies of the electrical resistivity
measured with the electrical current flowing along the a and c
axes of the hexagonal unit cell are shown in Fig. 8. Both curves

FIG. 8. (Color online) Temperature variations of the electrical
resistivity of single-crystalline U2CoSi3, measured with the current
flowing along the crystallographic a axis (upper panels) and c axis
(lower panels). Solid, dashed, and dotted lines are the dependencies
discussed in the text. The right-hand side panels display the low-
temperature parts.
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have a metalliclike character; however, the overall change
in the resistivity magnitude as the temperature is decreased
from 300 to 2 K is small, quantified by a residual resistivity
ratio [ρ(300 K)/ρ(2 K)] of about 1.2 for both crystallographic
directions. Remarkably, the residual resistivity itself is quite
large, being equal to ρa = 297 μ� cm and ρc = 464 μ� cm for
j ‖ a and j ‖ c, respectively. These features are most likely
a direct consequence of the inherent atomic disorder in the
Co/Si sublattice of the AlB2-type unit cell, as revealed in the
x-ray diffraction experiment.

Above 6 K, the shapes of ρa(T ) and ρc(T ) are reminiscent
of the behavior known for metals in which the electrical
transport is governed by strong local spin fluctuations. In such
systems, one may expect at low temperatures a T 2 dependence
of ρ(T ), which is followed by a range of a linear behavior
and then replaced by a logarithmic variation ρ ∝ log T above
the so-called spin fluctuation temperature Tsf .29–31 At high
temperatures, the resistivity is expected to approach a spin
disorder (unitarity) limit changing with the temperature as
ρ ∝ [1 − (Tsf/T )]. As may be inferred from Fig. 8, rather
extended regions of the subsequent linear, logarithmic, and
hyperbolic temperature dependencies of the resistivity can be
identified in the data collected for j ‖ a. In the ρc(T ) curve, the
ρ ∝ T −1 variation cannot be discerned, yet the other two are
clearly seen. In turn, in neither of the two principal directions
is the low-temperature T 2 dependence observed, and this is
because of the appearance of distinct resistivity minima at 6 K
[see Figs. 8(b) and 8(d)]. These anomalies clearly coincide
with those observed in the magnetic and specific heat data at the
freezing temperature Tf . It is worthwhile to recall that a fairly
similar minimum in the electrical resistivity was previously
observed in U2IrSi3, where it was attributed to the formation
of a ferromagnetic cluster-glass state.12 However, it should be
stressed that, below the respective Tf , the resistivity in neither
U2IrSi3 nor U2CoSi3 exhibits ρ ∝ T 3/2 or ρ ∝ T 2 variations,
predicted theoretically for spin glasses.32,33 In turn, a different
interpretation of the occurrence of low-temperature minima in
ρ(T ) was given for a few other members of the U2T Si3 family;
namely, for the phases with T = Pd, Pt, and Au this feature
was considered as a hallmark of the Kondo effect.9 However, in
contrast to the present case of U2CoSi3, the observed resistivity
minima were broad and located at a temperature twice Tf as
determined from the magnetic data.

In order to evaluate the concept of the Kondo effect in more
detail, the low-temperature electrical resistivity of U2CoSi3
was measured in applied magnetic fields. The obtained
experimental data are plotted in Fig. 9. For j ‖ a and B ‖ c,
a magnetic field of 1 T reduces the minimum from 0.5%
to 0.25%, while the temperature of the minimum remains
almost unaltered. In stronger magnetic fields, the minimum
in ρa(T ) becomes deeper and gradually shifts toward higher
temperatures (see the reduced resistivity plot in the upper
right-hand side panel in Fig. 9). Remarkably, for B � 1 T,
the ratio (�ρ/ρ2 K)a is proportional to −AT 1/2 with roughly
independent of the magnetic field strenght A = 0.85 μ� cm
K0.5. Such behavior rules out the dominant role of the Kondo
effect for which an upturn in ρ(T ) is expected to be propor-
tional to log T , while its magnitude should be diminished by
a magnetic field, giving thus a negative contribution to the
total magnetoresistivity. Additionally, the Kondo minimum is

FIG. 9. (Color online) Left-hand panels: low-temperature depen-
dencies of the electrical resistivity of single-crystalline U2CoSi3,
measured along the crystallographic a axis (upper panels) and c axis
(lower panels) in external magnetic field applied along the c and a
axes, respectively. Right-hand panels: relative change of the electrical
resistivity of U2CoSi3, measured as in the other panels, plotted as a
function of square root of the temperature.

expected to move toward lower temperatures with increasing
magnetic field strength, and just the opposite effect is seen
in ρa(T ) of U2CoSi3. In the case of the resistivity measured
along the c axis, the observed minimum is only half that in
ρa(T ), and application of magnetic fields stronger than 3 T
leads to a rapid suppression of this anomaly (see the lower
panels in Fig. 9). Alike, for the other current configuration, the
magnetoresistance is positive in the low-temperature region.

The observed upturn in the electrical resistivity might be
considered to be a result of some other physical phenomena.
One of them is the presence of critical spin fluctuations
in the vicinity of the antiferromagnetic phase transition.
However, in such a case the magnetoresistivity measured
in the critical region is negative,34,35 which contrasts with
the behavior established for U2CoSi3. Another mechanism
relates the increase of the electrical resistivity with decreasing
temperature to the formation of magnetic superzone gaps in the
ordered phase.36 This latter scenario seems also not applicable
the case of U2CoSi3, which is a spin-glass system and thus the
occurrence of a magnetic superzone gap seems unlikely.

The presence of strong atomic disorder in U2CoSi3 raises a
question of a possible description of the low-temperature be-
havior of its electrical resistivity in terms of theories developed
for disordered conductors, which involve quantum corrections
to the conductivity, such as electron-electron interaction (EEI)
and weak localization (WL) effects.37,38 Indeed, both these
mechanisms give rise to the formation of some minima in
ρ(T ). Within the WL scenario, the extra contribution to
the resistivity due to the quantum interference effect is of
the type �ρWL ∝ −T n/2, where n � 1.5, which is different
from the behavior observed for U2CoSi3. The conjecture
of a quantum interference effect in the electrical resistivity
was earlier formulated for a few uranium compounds.39,40

Moreover, the description of the electrical resistivity in terms
of the weak localization effect has been applied, for example,
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to HoMn12−xFex .41 In the latter case the electrical resistivity
increase below TN was shown to be mainly due to reduction
in the elastic mean free path le

dis, limited by substitutional
spin-disorder scattering. However, if the reduction of le

dis with
decreasing temperature is a dominating mechanism leading to
the increase of the dephasing length scale 1/Lϕ , the relation
1/le

dis ∝ T 3/2 implies that the correction to the conductivity
due to weak localization is of the form �ρWL ∝ 1/Lϕ ∝ T 3/2.
In turn, according to the theoretical prediction by Altshuler
and Aronov,38 the correction to the resistivity is proportional
to −T 1/2. Remarkably, the experimental data for �ρa/ρa(2 K)
(compare Fig. 9) follow the −T 1/2 behavior, hence suggesting
that the low-temperature upturn in ρa(T ) is likely mainly
governed by the electron-electron interactions. The minimum
in ρa(T ) which shifts to higher temperatures upon applying
magnetic field is also in accordance with the EEI theory. In
this case the resulting magnetoresistivity which arises from the
Zeeman effect is positive and increases with increasing ratio
gμBB/kBT .

The transverse magnetoresistivity �ρ/ρ data (�ρ/ρ =
ρ(B)−ρ(B=0)

ρ(B=0) ) for the current flowing along the crystallographic
a and c axes are shown in Fig. 10. As mentioned above, the
values of �ρ/ρ, both above and below Tf , are positive and in-
crease monotonically with increasing magnetic field strength.
For both directions, the largest magnitude of �ρ/ρ is obtained
at 6 K. In B = 9 T, �ρ/ρ measured for j ‖ a and B ‖ c is
twice that obtained for j ‖ c and B ‖ a. Remarkably, in fairly
extended magnetic field strength intervals, especially at low
temperatures and for j ‖ a, the magnetoresistivity is propor-
tional to B1/2 (see Fig. 10). It is also worth noting that above Tf

the magnitude of �ρ/ρ decreases with increasing temperature,
and the field range of the �ρ/ρ ∼ B1/2 dependence is reduced.

The �ρ/ρ behavior observed for U2CoSi3 is very sim-
ilar to that predicted for disordered metals, in which the

FIG. 10. (Color online) Transverse magnetoresistivity isotherms
of single-crystalline U2CoSi3 taken at several different temperatures
with the current flowing along the crystallographic a axis (upper
panels) and c axis (lower panels) in external magnetic field applied
along the c and a axes, respectively. The right-hand panels display
the �ρ/ρ data as a function of the square root of the field strength.
Solid lines emphasize quasilinear behavior.

electronic transport is influenced by quantum corrections.42–44

According to the WL theory, in the presence of strong spin-
orbit interactions such that Bϕ � Bso (Bϕ,so = h̄/4eDτϕ,so,
where τϕ,so stands for the dephasing and spin-orbit relaxation
time, respectively, and D is a diffusion coefficient), the
transverse magnetoresistivity should be positive and vary
as B1/2 in the strong field limit. Square-root behavior of
the magnetoresistivity at sufficiently high fields such that
geffμBB/kBT � 1 (geff is an effective Landé factor that
accounts for spin fluctuations) is also predicted for EEI in
disordered solids. Usually, the influence of a magnetic field on
the interaction effects is less than on the quantum correction
to the resistivity of a noninteracting electron gas. This is
particularly true if one takes into account the presence of
spin-orbit interaction, because the magnetic scattering mixes
spin-up and spin-down subbands and it is required that
geffμBB � h̄/τso in order to observe the magnetoresistivity
due to the Zeeman spin-splitting effect. On the other hand, the
presence of spin fluctuations strengthens the Zeeman effect
by increasing geff . The effect of different contributions to
the magnetoresistivity of U2CoSi3 may be inferred from the
�ρ/ρ(B) variation measured at 2 K with the current j ‖ c

(Fig. 10). It seems that two inflection points occurring on this
�ρ/ρ isotherm at 3 and 6.5 T can be associated with two
different characteristic magnetic field scales. In contrast, the
magnetoresistivity measured with the current flowing along
the a axis does not show similar features. The magnitude of
�ρ/ρ taken in this direction is much larger than that measured
along the c axis, which presumably indicates predominance of
WL in the presence of strong spin-orbit interaction.

Interestingly, the temperature at which the maximum in the
magnetoresistivity is observed coincides with the minimum in
ρ(T) for both orientations of the magnetic fields with respect
to the crystallographic direction. Usually, in terms of the WL
approach (in the presence of strong spin-orbit interactions)
one may expect that the magnetoresistivity increases with de-
creasing temperature, because of reduction in the characteristic
field Bϕ . In the case of U2CoSi3 such behavior is not observed
below Tf . This finding can be rationalized by considering some
influence of the spin fluctuations on the quantum correction,
the amplitude of which takes its maximum value just at the
magnetic transition. It is known that the spin fluctuation
contribution may significantly increase the magnetoresistivity
for both the WL and EEI scenarios, since it enlarges the
splitting between spin subbands. Moreover, in the presence
of spin fluctuations the electron-electron interaction constant
F can be greater than 1 (due to the Stoner enhancement factor),
and hence the triplet term (3/2)F can be larger than the singlet
4/3 component in the EEI correction to the resistivity.45–47

Then, under such conditions, no minimum in ρ(T) would be
observed. On the other hand, one may expect that below Tf the
amplitude of spin fluctuations diminishes significantly. This
implies strong reduction in the value of F , such that 4/3 >

(3/2)F and the minimum in ρ(T) should occur.

IV. SUMMARY

The results of our comprehensive studies of single-
crystalline U2CoSi3 by means of dc and ac mag-
netic susceptibility, heat capacity, electrical resistivity, and
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magnetoresistivity measurements, performed in wide ranges
of temperature and magnetic field strength, strongly suggest
the formation at low temperatures of a cluster-glass state. The
irreversibility in the FC and ZFC magnetization, observed
below the freezing temperature Tf of 6 K, can be described by
the de Almeida–Thouless law. The value of Tf , obtained from
the ac susceptibility data, was found to rise with increasing
frequency of the oscillatory magnetic field, in a manner
characteristic of spin glasses. On the other hand, the dc
magnetization indicated the presence of strong short-range
ferromagnetic interactions, and therefore it seems likely that
U2CoSi3 is a ferromagnetic cluster-glass material. The cluster-
glass scenario seems further supported by the heat capacity and
the electrical resistivity data. The freezing effect manifests
itself on the C(T ) curve as a tiny anomaly just below Tf ,
unlike the phase transition in a long-range-ordered system but
also at odds with the typical behavior in simple spin glasses.
Moreover, the low-temperature electrical resistivity does not
follow a T 2/3 or T 2 dependency, that would be expected
for spin-glass systems.8,9,11,12 Instead, the ρ(T ) curves are
dominated by pronounced minima which can be well described
in terms of the theories appropriate for structurally disordered
metals. Also the behavior of the transverse magnetoresistance
is different from that expected for ferromagnets and spin
glasses, yet compatible with transport scenarios involving
enhanced electron-electron interactions and weak-localization
effects.

Despite the absence of clear features in the behavior of
U2CoSi3 that might indicate the formation of a long-range

magnetically ordered state, the latter cannot be entirely
ruled out at the present stage of the study. Here, it is
worthwhile to recall the case of U2NiSi3, a close counterpart
to U2CoSi3, which exhibits similar properties in the bulk
magnetic measurements and shows hardly any anomaly in the
heat capacity. Nevertheless, neutron diffraction experiments
unambiguously revealed a ferromagnetic order that coexists
with the cluster-glass state.17 Obviously, the actual nature of
the magnetic ground state in U2CoSi3 should also be verified
by means of neutron scattering.

Finally, it should be noted that the freezing temper-
ature obtained for single-crystalline U2CoSi3 is smaller
than that presented in the literature.2 Moreover, con-
trary to the previous reports,2,3 no separate ferromagnetic
phase transition was found above Tf . These discrepan-
cies with the literature data may be rationalized by as-
suming pronounced sensitivity of the magnetic properties
to some deviations from the ideal stoichiometry, which
likely affected the properties of the polycrystalline samples
studied before,3,8,9,48 as found for a few related R2TM3

intermetallics.
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