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Electronic properties of UCuSn
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Crystallographic analysis shows that UCuSn does not form in the hexagongl €aloture as
reported previously, but is an ordered ternary compound and forms in an orthorhombic structure
(space group: R2n). Bulk and neutron-diffraction measurements reveal that UCuSn orders
antiferromagnetically below 62 K. At 4.2 K, high-field magnetization reveals a complex
magnetization process with two metamagnetic transitions. Furthermore, bulk investigations show an
additional anomaly at 25 K, but a smooth temperature dependence of various magnetic peaks down
to the lowest temperature gives no evidence for a second magnetic transition. Possible scenarios
responsible for the drastic changes in the electronic properties around 25 K are discus4€96 ©
American Institute of Physic§S0021-8976)26208-5

I. INTRODUCTION indexed in the hexagonal systemg., Calg structure typg
but we were able to index and refine the whole pattern in the

The role of 5-ligand hybridization in suppressing local- .
moment magnetism has been studied extensively in the theIated orthorhombic space group,Bi2 The resultant siruc-

largest isostructural groups of UTX compoundd ture and parameters are given in Fig. 1 and Table I.
=transition metal, Xp-electron metal namely, in com-
pounds crystallizing in the hexagonal ZrNiAl and the ortho-1ll. BULK PROPERTIES

rhombic TiNiSi structures.The aim to search even higher We also measured the temperature dependences of the
degrees of 5—electrqn Iopahzauon brings us to compounds g ctricq resistivity, of the specific heat, and of the magne-
reported to crystallize in the hexagonal Czalﬂtructulg%, tization (at 2 and 4 J and the results are displayed in Fig. 2.
which is formed for the very latd-metals Cu, Au, and Pd. The absolute resistivity values are intermediate between

In this contribution, we concentrate on UCuSn, whichy,e yajyes published in Refs. 4 and 5 and the overall shape of
was thought to crystallize in this structufe. For this com-

pound, antiferromagnetic ordering at low temperatures has
been reported on the basis of electrical-resistitmty,
magnetic-susceptibility, and 1*°Sn Mossbauer studi€s.In
addition, magnetization measurements revealed two meta-
magnetic transitions at about 12 and 17 T in the ascending
field sweep, while in the descending magnetization curve
only one transition around 12 T was fouh@here is also a
very unusual temperature dependence of the electrical resis-
tivity: below 60 K, p(T) increases suddenly forming a maxi-
mum around 25 K, where it drops precipitou$f).

In order to get more insight in the electronic properties
of UCuSn, we have checked and extended the study of some
basic bulk properties. Here, we briefly describe also the re-
sults of additional neutron-diffraction experiments, the de-
tails of which will be published elsewhere.

Il. SAMPLE PREPARATION AND CHARACTERIZATION

A polycrystalline sample of UCuSn was prepared by arc- (b)
melting stoichiometric amounts of the constituents, with no
further heat treatment. The sample was powdered for theiG. 1. Crystallographic structure of UCu%a schematically drawn in a
neutron diffraction experiments, which were performed ondoubled cell showing the relation to the “parent hexagonal” cell. For sake of
the High—lntensity Powder Diffractometer at LANSCE and clarity, thez position was shifted by 0.25 with respect to the values given in
he C2 der diff Chalk Ri Wi b Table I. In(b), a projection onto the@-b plane is shown, where the dashed
on the powder diffractometer ‘rflt alk RIver. We OD-jines represent the lowez position with respect to the solid lines. The
served a number of nuclear reflections which could not bexexagonal cell is indicated by dashed lines.
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TABLE |. Refined structural parameters for UCuSn at 300 K.

2.0 : ,

Space group: B2n L J
X y z ”

U (4a) 0.25% 0.27881) 0.49822) 1.5 - UCuSn .

Cu(4a)  0.259719 0.91682) 0.69581) =7

Sn (4a) 0.258620) 0.583%4) 0.77621) "

(a) fixed to define the origin
Lattice parameters S _

a (A)=4.53912) T=42K
b (A)=7.83972) i A

¢ (A)=7.22032) 0.0 : ‘ : ' : ‘
R factors 0 10 20 30 40
Rup=4.29% B(T)

R,=3.09%
reducedy’=3.88

M (1, /f.u.)
>
I

.~ fixed powder
free powder] -

FIG. 3. Field dependence of the magnetization of UCuSn at 4.2 K measured
on ‘free powder’ and ‘fixed powder’ represented as solid and dotted lines,
respectively.

all three results is in good agreement. In our sample, antifer-
romagnetism sets in around 62 K, which is reflected by a
e Syented by the apoled feltivig e response of e ey
pronounced maxinr")num aro’und 25 K. At both temypeprature agnetization direction and in random orientation fixed by
Lo i rozen alcoholthereby representing an “ideal” polycrysjal
(62 and 25 K, we observe anomalies in the specific heat anjr ( y'rep g polycrysy

the magnetization. While clear maxima evolve @ and he former(“free powder”) result reveals a magnetic mo-
gnetization. ! Xl volv ment of 1.82z in 35 T, which is in excellent agreement with

M/H around 62 K, the low-temperature anomaly is far Iessthe results of Fuijiet al* The antiferromagnetic ground state

pro.nou.nced. Around 25-30 K, c_mly sllght.changes n theis corroborated by metamagnetic transitions. In contrast to
derivatives are observed. In addition, we find that a small

S : the results in Ref. 4, we find metamagnetic transitions around
but significant ferromagnetic componet0.02ue/U atom .12 and 30 T in the ascending curve and around 11 and 15 T
evolves below 30 K. At present, we are not sure whether thi

i< intrinsic or due to a small amount of a ferromaanetic im T the descending curve. We believe that this difference could
purity phase 9 originate in small differences in the compositions of the

T o . les, which could al for the slight diff i
High-field-magnetization studies were performed at th samples, which could also account for the slight difference in

. . — . Two transitions(around 13 and 25 )Tare found also in
N
High-Field Facility in Amsterdam on powder, both free to bethe secondfixed powdey measurement, but no hysteresis

was observed. The fact, that both magnetizations are almost
equal in the highest field applied, may indicate an anisotropy

' T field only slightly higher than 30 T, which is exceptionally
(@ low among U intermetallic$.
2 _
8 y
s UCuSn -
L ] IV. NEUTRON-DIFFRACTION RESULTS
L 1 1 L 1 |
° The bulk results above indicate two magnetic transitions

< 1o in UCuSn at about 62 and 25 K. At low temperatures, the
'g antiferromagnetic ground state was confirmed by the occur-
g .5 rence of additional purely magnetic reflections below 62 K in
& the neutron data taken at Los Alamos. However, magnetic
© intensities were found also on some nuclear reflections, and

0.0 our results indicate that all magnetic contributions can be
30 indexed in the same orthorhombic unit cell.
g | In order to clarify the(sometimes pronouncg@noma-
6 2.0 lies in the bulk properties around 25 K, we performed addi-
5 y 1 tional neutron-diffraction experiments on the C2 powder dif-
S 10 oo . fractometer at Chalk River Laboratories. Data were collected
g L 00000 at various temperatures, and the temperature dependences of

0.0 o 100 10 20 250 the peak intensities of some “magnetic” peaks are shown in

T®) Fig. 4. In all cases, we observe a smooth temperature depen-

dence with no evidence for a second magnetic phase transi-
FIG. 2. Temperature dependences for UCuStabthe electrical resistivity, = 110N arou_nd 25 K and no extra magnetic peaks were observed
(b) the specific heat, angt) the magnetizatioiasM/H for H=2 and 4. below this temperature.
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peaks, while this transition is “smeared out” in powder dif-

- 800 T . (100)' ' fraction. As a consequence only a broad and featureless tem-
‘g - @%omsﬁ r (120 8 perature dependence was fouhd.may be that UCuSn be-
C . F MX\ ,}xé%\ x (012) | haves in a similar fashion, and one moment component stays
£ 600 Y % X%XQ&\Q"%{ fluctuating belowTy=62 K, but that its fluctuations gradu-
5 B R ] ally slow down until 25 K. In such picture, one may antici-
j% w00 L Fﬁ**‘*;ﬁ*ugA% & | pat_e an en_hanceme_nt i_n the resistivity dqe to ﬂuctuatic_ms
g e %3 until they die out, with little or no change in the magnetic
s s UCuSn o moment. . _
Further high-field magnetization studies at elevated tem-
200 0 ' z;o ' ;0 ' 6'0 ' perature are envisaged to give more insight to the 25 K tran-
sition.

T (K)

FIG. 4. Temperature dependence of the magnetic intensities of variotlbCKNOWLEDGMENTS
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