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Abstract. Single crystals of the heavy-electron compound U2Pt2In have been grown by a
modified mineralization technique. The x-ray structure refinement shows that U2Pt2In single
crystals form in the Zr3Al 2 structure, instead of the U3Si2 structure reported for polycrystalline
material. The polymorphism of U2Pt2In is attributed to the experimental parameters, such as
pressure and temperature, during the sample preparation process. The single-crystal susceptibility
data reveal a weak maximum forχc at Tmax = 7.9 K, indicating the presence of short-range
antiferromagnetic correlations, whileχa has the tendency to diverge at lowT (T > 2 K). The
electrical resistivity of the single crystals (T > 0.3 K) is best described byρ ∼ T α with
α ∼ 1.1(1) for I ‖ a and α ∼ 0.3(2) for I ‖ c. The magnetic and transport data show
pronounced deviations from the standard Fermi-liquid picture, and lead to a classification of
U2Pt2In as a non-Fermi-liquid compound. As the origin of NFL behaviour in U2Pt2In we
propose the proximity to a quantum critical point or Kondo disorder.

1. Introduction

The family of U2T2X (where T is a transition metal and X is In or Sn) intermetallic
compounds has attracted much interest in the past years [1–3], because it may serve as
an exemplary system to study hybridization phenomena in 5f electron compounds. The
hybridization strength can be tuned by varying the T and X elements and as a result
various magnetic ground states are observed, notably Pauli paramagnetism, spin-fluctuation
phenomena and antiferromagnetism. The shortest uranium–uranium distance in these 2:2:1
compounds is close to the Hill limit (∼ 3.5 Å) and is found either along thec-axis or
within the ab-plane. This enables the study of the influence of the direct f–f coupling
on the magnetic f-moment direction. On the other hand, the strength of the 5f–d ligand

¶ Corresponding author: P Estrela, Van der Waals–Zeeman Institute, University of Amsterdam, Valckenierstraat
65, 1018 XE Amsterdam, The Netherlands. E-mail address: estrela@phys.uva.nl.
+ Present address: European Commission, Joint Research Centre, IRMM, Retieseweg, B-2440 Geel, Belgium.

0953-8984/98/429465+11$19.50c© 1998 IOP Publishing Ltd 9465



9466 P Estrela et al

hybridization is the parameter which controls the evolution of magnetism across the 2:2:1
series (see [4] for In and Sn compounds).

The U2T2X compounds crystallize in the tetragonal U3Si2-type structure (space group
P4/mbm) [1], except for U2Pt2Sn [5] and U2Ir2Sn [6], which crystallize in the Zr3Al 2-type
structure (space groupP42/mnm). The Zr3Al 2-type structure is a superstructure (doubling
of the c-axis) of the U3Si2-type structure. Within a systematic study of the structural
and physical properties of the An2T2X series, single crystals of several uranium 2:2:1
compounds were grown [7]. In this paper we focus on U2Pt2In, which has a number
of unrivalled properties. We found that, while our polycrystalline samples form in the
U3Si2-type structure, the single crystals form in the Zr3Al 2 superstructure. Polycrystalline
U2Pt2In was classified as a non-ordering heavy-electron compound [2]. Our recent low-
temperature specific-heat, magnetization and resistivity studies, carried out on single-
crystalline material, confirm the heavy-electron behaviour, but moreover reveal pronounced
deviations from the standard Fermi-liquid picture, thereby classifying U2Pt2In as a non-
Fermi-liquid compound.

The heavy-electron properties of U2Pt2In were first reported by Havelaet al [2].
Specific-heat experiments carried out on a polycrystalline sample of U2Pt2In [2, 3] in the
temperature range 1.3–40 K revealed the presence of a pronounced upturn of the electronic
specific heat divided by temperature (c/T ) below T ≈ 8 K, insensitive to an applied field
of 5 T. Thec(T ) data could be fitted with aT 3 ln T term below 5 K, providing evidence
for spin-fluctuation phenomena. The resulting linear coefficient of the electronic specific
heatγ (T → 0 K) amounts to 415 mJ mol−1

U K−2, which classifies U2Pt2In as a heavy-
electron compound. In line with this, the electrical resistivity,ρ(T ), of U2Pt2In shows
a weak maximum around 80 K and coherence effects at low temperatures, which can be
attributed to the Kondo-lattice effect. The magnetic susceptibility,χ(T ), shows deviations
from the Curie–Weiss behaviour below∼ 150 K. In the limit T → 1.2 K, χ is enhanced
and continues to rise. No sign of magnetic ordering has been observed.

More recently, data taken on a polycrystalline sample [8] showed thatρ(T ) = ρ0+ bT
in the temperature range 1.4–6 K. This led to the suggestion [8] that U2Pt2In might be a good
candidate to study non-Fermi-liquid (NFL) phenomena. The most prominent features of an
NFL [9] are a specific heat which varies asc(T ) ∼ −T ln T , a low-temperature divergency
of χ(T ) and a resistivity which varies asρ(T ) ∼ T α (whereα = 1 or 0.5). There are
several mechanisms which may lead to NFL effects, like the proximity to a quantum phase
transition, the two-channel Kondo effect and Kondo disorder. As NFL effects nowadays
attract much attention, it is of interest to study the thermal, transport and magnetic properties
of single-crystalline U2Pt2In at lower temperatures (T < 1.2 K).

In this paper we report on the crystal growth of U2Pt2In and the characterization of the
grown crystals by x-ray diffraction and magnetization and resistivity experiments.

2. Experiment

2.1. Single-crystal growth

The starting material was prepared by arc melting the quasi-stoichiometric amounts of the
elements with a purity better than 99.9% (U) and 99.999% (Pt, In) in a water-cooled copper
crucible under a purified argon atmosphere. A small excess of In was added in order to
compensate for evaporation losses. The mass loss after arc melting was less than 0.5%.
The x-ray analysis, optical microscopy and secondary electron microscopy (SEM) showed
that the arc melted material was single-phase.
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The polycrystalline batch (mass∼ 20 g) was encapsulated in a tungsten crucible and
sealed by electron-beam welding under vacuum (2× 10−5 atm). The crystals were grown
by a modified mineralization technique [7] using radiofrequency heating with anin situ
temperature reading in order to control the melting temperature plateau (1380–1335◦C). The
in situ temperature reading made it possible to reduce the mineralization time significantly,
from a typical 1 week to 5 hours only. The single-phase character of the grown U2Pt2In
material was checked by x-ray diffraction, optical microscopy and SEM.

2.2. Characterization techniques

The structural aspects of the polycrystalline and single-crystalline material were investigated
by x-ray diffraction. In the case of the polycrystalline material x-ray powder diffraction
was carried out on a Philips PW1120/90 generator using Cu Kβ radiation filtered out by
Ni. The crystallinity of the single crystals was checked by the back-reflection Laue method
on a Philips PW1120/90 generator with Cu Kβ radiation filtered out by Ni. Diffraction
images were collected on Polaroid ISO3000/36◦ films. The lattice parameters and the atomic
positions were determined by single-crystal x-ray diffraction on an Enraf–Nonius four circle
CAD-4 diffractometer with graphite-monochromated Mo Kα radiation (λ = 0.7093Å) and
theω − 2θ scan technique with1ω = 0.90+ 0.35 tanθ .

Magnetization measurements were performed on several single crystals (with a mass
of 10–50 mg) using a SQUID magnetometer (Quantum Design) in the temperature range
2–350 K and in applied fields up to 5.5 T. In addition, magnetization measurements were
carried out in high magnetic fields up to 35 T atT = 4.2 K in the Amsterdam High Field
Facility.

Resistivity measurements were carried out on bar-shaped crystals, for a current along
the a- and c-axis, in the temperature range 0.3–12 K using a3He system. A standard
a.c. four-point method was used with an excitation current of the order of 300µA. The
excitation current was varied in order to check for heating effects.

3. Experimental results and analysis

3.1. X-ray diffraction

The x-ray powder diffraction data taken on polycrystalline U2Pt2In confirmed the U3Si2-type
structure (space groupP4/mbm). This structure has two formula units per unit cell (Z = 2).
The lattice parameters were determined asa = 7.654Å andc = 3.725Å in good agreement
with the literature [1].

On several pieces of single-crystalline material a complete structural analysis was
carried out on the Enraf–Nonius four circle CAD-4 diffractometer. The lattice parameters
were obtained by least-squares refinement of the setting angles of 24 reflections using the
Enraf–Nonius CAD-4 package. The intensities of three standard reflections were measured
at intervals of 2 hours and anisotropic decay corrections were applied to the data. Absorption
corrections were applied on the basis ofψ scan data obtained from five reflections. The
crystallographic calculations were made using the SDP program package [10]. Details of the
intensity data collection and crystallographic data for U2Pt2In are summarized in tables 1
and 2. From these data it follows that our U2Pt2In single crystals form in a different
structure than the polycrystalline material, namely the tetragonal Zr3Al 2 type of structure
(space groupP42/mnm). This structure has four formula units per unit cell (Z = 4).
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Table 1. Crystallographic data for U2Pt2In single crystals.

Chemical formula U2Pt2In
Formula weight (g mol−1) 981.06
Crystal system tetragonal
Space group P42/mnm (No 136)
a (Å) 7.6946(3)
c (Å) 7.3676(3)
V (Å3) 436.21(5)
Z 4
Number of reflections for LS cell parameters 24
θ range for LS cell parameters 7.67–17.87
Dcalc (g cm−3) 14.938
Approximate crystal dimensions (mm3) 0.05× 0.04× 0.83
Radiation, wavelength (Å) Mo Kα, 0.709 30
Monochromator graphite
Temperature (K) 297 K
θ range (◦) 2–30
ω-2θ scan 1ω = 0.90+ 0.35 tanθ
Data set −106 h 6 10;−106 k 6 10;−106 l 6 0
Total data 2705
Unique data 380
Observed data (I > 3σ(I)) 298
Decay corrections (min/max) 0.9507/1.0250
Number of reflections 5
θ range for9 scan absorption corrections 8.11–16.10
Transmission factors (min/max) 23.10/99.13
µ (Mo Kα) (cm2 g−1) 1397.077
Number of refined parameters 7
Final agreement factorsa

R =∑ |Fobs− Fcalc|/
∑ |Fobs| 0.0427

wR = {∑[w(|Fobs| − |Fcalc|)2]/w|Fobs|2}1/2 0.0655
S = [

∑
w(|Fobs| − |Fcalc|)2/(m− n)]1/2 1.742

a m, number of observations;n, number of variables.

Table 2. Positional parameters and anisotropic temperature factors (10−4 Å2) of U2Pt2In single
crystals.

Atom Position x y z U11 = U22 U33 U12

U 4f 0.335 37 0.335 37 0 15 30 1.2
U 4g 0.180 35 −0.180 35 0 25 24 26
Pt 8j 0.130 13 0.130 09 0.234 53 20 41−10
In 4d 0 1/2 −1/4 24 70 0

The lattice parameters are:a = 7.695 Å and c = 7.368 Å. In the Zr3Al 2-type structure
the U atoms occupy two different crystallographic positions: 4f (x1, x1, 0) and 4g (x2,
−x2, 0). The X atoms are on the 4d (0, 1/2, 1/4) positions and the T atoms on the 8j
(x3, x3, y) positions. The average values ofx1, x2, x3 and y are 0.335, 0.180, 0.130 and
0.235, respectively. A schematic view of the unit cell is presented in figure 1. Interatomic
bonding distances and nearest neighbour positions, calculated for the U2Pt2In single crystals,
are listed in table 3.
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Figure 1. Unit cell of U2Pt2In (crystallographic structure of the Zr3Al 2-type,P42/mnm).

Table 3. Interatomic bonding distances and nearest neighbours of U2Pt2In single crystals.

Atom NN Atom d (Å) Atom NN Atom d (Å)

U (4f) 1 U (4f) 3.583 U (4g) 2 U (4f) 3.687
2 U (4g) 3.687 2 U (4f) 3.913
2 U (4g) 3.913 2 U (4f) 4.144
2 U (4g) 4.144 1 U (4g) 3.925
2 Pt (8j) 2.828 2 Pt (8j) 2.838
4 Pt (8j) 3.013 4 Pt (8j) 2.975
4 In (4d) 3.414 4 In (4d) 3.372

Pt (8j) 1 U (4f) 2.828 In (4d) 4 U (4f) 3.414
2 U (4f) 3.013 4 U (4g) 3.372
1 U (4g) 2.838 4 Pt (8j) 3.019
2 U (4g) 2.975 2 In (4d) 3.684
1 Pt (8j) 2.832
1 Pt (8j) 3.456
2 In (4d) 3.019

3.2. Magnetization and susceptibility

The temperature variation of the susceptibility,χa(T ) andχc(T ), wherea andc refer to the
crystallographic direction along which the magnetic field (B = 0.05 and 0.1 T) is applied,
is presented in figure 2. The susceptibility is anisotropic, with thec-axis as the easy axis
for magnetization. This anisotropy persists in the whole temperature range (up to 350 K).
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Figure 2. Temperature dependence of the susceptibility for magnetic fields of 0.05 (squares) and
0.1 T (circles) applied along the crystallographica- (full symbols) andc-axis (open symbols).
The lines represent modified Curie–Weiss laws (see text).

At low temperatures, a clear difference betweenχa andχc is observed.χa continues to
increase as the temperature is lowered down to 2 K, whileχc displays a broad maximum
below 10 K (figure 2). Tracing the derivatives, dχ/dT , shows that the maximum occurs at
Tmax= 7.9(3) K. The relative height and width of the maximum do not change significantly
with the applied field strength (from 0.005 to 5.5 T). This type of behaviour is frequently
observed in systems which exhibit exchange enhanced Pauli paramagnetism [11]. The
maximum inχc is indicative of the stabilization of short-range antiferromagnetic correlations
along thec-axis.

Above 10 K, the susceptibility follows a modified Curie–Weiss law,χ = χ0+C/(T−θ).
For B ‖ c we obtain the parametersχ0 = 1.1 × 10−8 m3 mol−1

U , θ = −62 K and
µeff = 2.6 µB/U, while for B ‖ a we obtainχ0 = 1.1× 10−8 m3 mol−1

U , θ = −63 K
andµeff = 2.2 µB/U. The fitted Curie–Weiss behaviour is represented by the dashed lines
in figure 2. The near-equality of the paramagnetic Pauli temperaturesθ reflects the weak
anisotropy in this system. These results compare to the following parameters obtained on
polycrystalline material:χ0 = 4.9× 10−8 m3 mol−1

U , θ = −106 K andµeff = 2.4 µB/U
[2]. The µeff values are considerably reduced from the free-ion value for U3+ and U4+,
3.62µB and 3.58µB , respectively, which points to a strong hybridization of the f electrons
and the conduction band.

The magnetizationMa(B) andMc(B) is shown in figure 3 at some selected temperatures.
The magnetization is linear in fields up to 5.5 T and the slope dM/dB is always higher for
B ‖ c than forB ‖ a. M(T = 2 K) reaches the value of 0.25 (0.21)µB fu−1 for a field
of 5.5 T along thec(a) axis. No hysteresis inMa andMc was observed. Magnetization
measurements forB ‖ c at 4.2 K were carried out up to 35 T. No significant deviation
from a linear behaviour was observed. In the maximum fieldMc(35 T) = 1.48 µB fu−1.
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Figure 3. Field dependence of the magnetization along thea- (full symbols and dotted lines)
andc-axis (open symbols, full lines) at different temperatures.

These results are similar to the ones obtained on polycrystalline samples up to 35 T [12]
and 57 T [13]. In the polycrystalline data a weak nonlinearity was observed, which was
not found in the single-crystal data. The nonlinearity is possibly due to the saturation of
magnetic impurities in the polycrystalline sample (about 2% UPt was present as a second
phase [3]). The data for free and fixed powder are identical which is another indication that
the magnetic anisotropy is rather weak in this compound.

The magnetization and susceptibility data do not show any sign of long-range magnetic
order in U2Pt2In down to 2 K. Zero-fieldµSR experiments carried out on poly- and single-
crystalline material confirm the absence of magnetic order [14]. We have also searched
for spin-glass effects. Susceptibility data obtained after zero-field cooling (ZFC) and field
cooling (FC) are identical, hence we do not find any signals of a spin-glass ground state.

3.3. Resistivity

The resistance curves forI ‖ a and I ‖ c are shown in figure 4 forT < 10 K. TheR(T )
values are normalized toR(300 K). For bothI ‖ a and I ‖ c, the resistivityρa,c(300 K)
amounts to 220± 20 µ� cm. The experimental error inρa,c(300 K) is mainly due to the
uncertainty in the determination of the distance between the voltage contacts. Upon cooling,
ρa,c(T ) starts to rise and a weak maximum is observed just below nitrogen temperature.
As can be seen in figure 4, the resistivity is anisotropic:ρc > ρa. For I ‖ c the resistivity
decreases very slowly with decreasing temperature down to∼3 K, after which it starts to
decrease more rapidly. ForI ‖ a the resistivity decreases somewhat faster than forI ‖ c
down to∼4 K. Below T = 3.7 K, ρa follows the expressionρa = ρ0,a + baT . For I ‖ c
an approximate linear temperature variation is observed belowT = 1.2 K. ρ0,a and ρ0,c
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Figure 4. Zero-field normalized resistivity for currents applied along thea- and c-axis. The
lines are low-temperature fits toρa ∼ T andρc ∼ √T (see text).

equal 110 and 200µ� cm, respectively, whileba andbc amount both to∼8.5 µ� cm K−1.
This linear temperature dependence, previously reported for a polycrystalline sample [8] in
the temperature range 1.4–10 K, is one of the characteristic features of non-Fermi-liquid
behaviour.

A closer inspection of the resistivity curves shows, however, that a better description
can be given by the power lawρ ∼ 1+ a(T /T0)

α, whereT0 is a characteristic temperature
often identified with the Kondo temperature [9]. In order to determine the exponent which
best describes the resistivity curves, least squares fits were performed using the data from
the lowest temperature (0.3 K) up to a temperatureT ′. Tracing the goodness of fit forT ′

between 0.5 K and 4.2 K in steps of 0.1 K, one can choose the temperature range where
the power law applies best. The exponents obtained wereαa = 1.1(1) belowT ′ = 2.6 K
and αc = 0.3(2) below T ′ = 2.3 K, where the errors inαa,c reflect the uncertainty in
choosingT ′. Thus forI ‖ a the low-temperature resistivity varies approximately linearly
in T , while the resistivity along thec direction is best described by a term of the order

√
T

(see figure 4).

4. Discussion

The polymorphism of U2Pt2In shows that the stability of the crystallographic structure
depends on the experimental conditions, like pressure and temperature, during the sample
preparation process. By preparing the arc melted polycrystalline sample, the temperatures
attained are well above the melting point of U2Pt2In and the cooling process is rather fast.
This leads to the formation of the U3Si2-type structure, which might not be the most stable
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one, since the thermodynamic conditions during arc melting are not well defined equilibrium
conditions. During the single-crystal growth, i.e. the mineralization process, the temperature
range is much reduced (up to 20◦C above the melting point) and the cooling takes place very
slowly. Under these conditions closer to equilibrium, the preferred structure is the tetragonal
Zr3Al 2-type structure. This structure was found in two other members of the U2T2X family,
namely U2Pt2Sn and U2Ir2Sn (polycrystalline samples) [5, 6]. The tetragonal Zr3Al 2-type
structure is a superstructure (doubling of thec-axis) of the tetragonal U3Si2-type. This latter
structure was reported for the majority of the U 2:2:1 compounds [1, 15] and all Np [1, 7],
Pu and Am [16] 2:2:1 compounds.

The inter-uranium distances, reported in table 3, are slightly above the Hill limit
(∼3.5 Å) for uranium [17]. From this, one may conjecture that U2Pt2In orders magnetically,
as it is located on the magnetic side in the Hill plot. However, in the past decade it has
become clear that the hybridization in many uranium compounds is governed by the 5f–d
ligand overlap and that the Hill-limit picture is too simple. Recently,ab initio calculations
using an optimized linear combination of atomic orbitals method, based on the local density
approximation (LDA) [18, 19], show that the electronic structure and related properties of
the U2T2X compounds mainly originate from the interplay between the band filling of
the transition metal d states and the f states of the uranium atoms, with a decrease of
the f–d hybridization when filling up the d bands. Within a simple tight-binding model
based on the LDA approximation [4] it can also be shown that the evolution of magnetism
across the 2:2:1 series (for In and Sn compounds) is related to the strength of the 5f–d
ligand hybridization. In the U2T2In series, U2Pd2In and U2Ni2In order antiferromagnetically
with Néel temperatures of 38 and 14 K, respectively, whereas for U2Co2In and U2Rh2In
the ground state is paramagnetic (at least down to 1.2 K). When tracing the magnetic
ordering temperatures of the In and Sn 2:2:1 compounds versus the square of the calculated
hybridization matrix elements a Doniach-like phase diagram results [20]. Interestingly,
U2Pt2In is close to the magnetic/non-magnetic border line.

The participation of 5f electrons in the bonding in light-actinide intermetallics leads
to a compression of the 5f charge densities towards the bonding directions, which are
given primarily by the shortest inter-actinide directions [21]. In the UTX (1:1:1) family it
was found that the magnetic moment is always directed perpendicular to the nearest U–U
direction. However, exceptions to this rule have been found in the 2:2:1 family. In U2Rh2Sn
[22] and U2Co2Sn [23], the shortest U–U distance is located along thec-axis and yet the
uranium moments are aligned alongc. In the case of U2Pt2In, the shortest U–U distance
is located in the tetragonal plane. The susceptibility data show that the antiferromagnetic
correlations (of the Ising type) are found along thec-axis. This complies with the shortest
f–f distance rule, as reported for the 1:1:1 compounds.

The analysis of the resistivity leads to a description with a low-temperature term
T α(T → 0 K), with α = 1.1(1) and 0.3(2) for thea- andc-axis, respectively. The absence
of the usual Fermi-liquidT 2 term gives strong support for non-Fermi-liquid behaviour in
U2Pt2In. Recently, we have carried out specific-heat measurements on a single crystal
down to 0.1 K [14] and found a clear logarithmic divergency ofc/T below ∼6 K, i.e.
over almost two decades of temperature. This puts the NFL behaviour in U2Pt2In on a
firm footing. From the analysis of the specific heat,c/T∼(−1/T0) ln(T /T0), we deduce
the scaling temperatureT0 = 22 K. Using this value forT0, the coefficienta of the power
law in the resistivity can be calculated. We obtaina = 2.27 and 0.23 forI ‖ a andI ‖ c,
respectively. The value ofT0 is close to the Kondo temperatureTK ∼ 20 K, which can be
deduced from the susceptibility data, assuming that the paramagnetic Curie temperatureθ

is three to four times larger thanTK [24].
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The unusual low-temperature susceptibility data yield further support for NFL behaviour.
The theoretical expressions for the magnetic susceptibility of an NFL were evaluated as
χ ∼ − ln T or χ ∼ −√T , depending on the type of system.χc(T ) is dominated by
antiferromagnetic correlations below∼10 K, therefore, no non-analytical analysis can be
done confidently. However,χa(T ) continues to rise, at least down toT = 2 K. Analysing
χa(T < 10 K) with a termχa ∼ 1 − b(T /T0)

β one findsβ = 0.7 and b = 0.24, but
the limited temperature range where this behaviour occurs, does not allow for an accurate
estimate of the exponentβ.

Forthcoming work should focus on identifying the origin of the NFL behaviour. A
interesting scenario is the proximity of U2Pt2In to a quantum critical point [25]. This is
reflected in the location of U2Pt2In at the border line between magnetic and non-magnetic
compounds in a Doniach type of diagram for the U2T2X series (X= In, Sn). Tuning
the quantum critical point with an external parameter, e.g. a magnetic field or (chemical)
pressure, should elucidate the applicability of this scenario. An alternative mechanism which
can lead to NFL behaviour is the Kondo disorder model [26] where the Kondo effect on
each f-electron atom sets a different temperature scale, resulting in a broad range of effective
Fermi temperatures. One should note that the residual resistivity values of our U2Pt2In single
crystals are large,ρ0,a andρ0,c equal 110 and 200µ� cm, respectively, which indicates that
some disorder is present in the crystals. The origin of this disorder is unclear. The single-
crystal x-ray structure refinement with a final agreement factor of 4.3%, is considered to
indicate a high crystalline quality. However, a small percentage of site inversion (Pt and In
inversion) can not be excluded. It is also possible that the disorder is somehow related to the
polymorphism of U2Pt2In. On the other hand, preliminary magnetoresistance experiments
[27] show a variation ofρ0,a and ρ0,c in field, which indicates that at least part ofρ0 is
caused by scattering mechanisms other than scattering at crystallographic defects. A more
thorough characterization of the crystallinity of the sample, by e.g. neutron diffraction, is
in progress.

5. Summary

Single crystals of the heavy-electron compound U2Pt2In have been grown by a modified
mineralization technique. The single-crystal x-ray structure refinement shows that our
U2Pt2In single crystals form in the Zr3Al 2 structure, instead of forming in the U3Si2 structure
reported for polycrystalline material. The polymorphism of U2Pt2In shows that the stability
of the crystallographic structure depends on the experimental conditions, like pressure and
temperature, during the sample preparation process.

Susceptibility data show pronounced deviations from a modified Curie–Weiss behaviour
at low temperatures.χc exhibits a maximum atTmax = 7.9 K, indicating the presence
of short-range antiferromagnetic correlations.χa continues to rise down to the lowest
temperatures (T > 2 K) with no evidence towards saturation. The electrical resistivity of
the single crystals (T → 0 K) is best described byρ ∼ T α with α ∼ 1.1(1) for I ‖ a
and α ∼ 0.3(2) for I ‖ c. The magnetic and transport data show pronounced deviations
from the standard Fermi-liquid picture, and lead to a classification of U2Pt2In as a non-
Fermi-liquid compound. This is strongly supported by specific-heat experiments [14]. A
logarithmic divergency ofc/T is observed in the temperature interval 0.1–6 K. The location
of U2Pt2In close to the magnetic/non-magnetic border line in a Doniach-type phase diagram
suggests that a quantum phase transition is at the origin of the NFL behaviour. However,
the Kondo-disorder scenario, as an alternative route to NFL behaviour in U2Pt2In, should
be investigated as well.
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