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MAGNETIZATION STUDY OF A URhSiSINGLE CRYSTAL�A.V. Andreeva, F. Hondab, V. Se
hovskýb and K. Proke²b;
aInstitute of Physi
s ASCR, Na Slovan
e 2, 18221 Prague 8, The Cze
h Republi
bDepartment of Ele
troni
 Stru
tures, Charles UniversityKe Karlovu 5, 12116 Prague 2, The Cze
h Republi

Hahn-Meitner-Institute, SF-2, Glieni
ker Strasse 100, 141 09 Berlin, Germany(Re
eived July 10, 2002)The ferromagneti
 
ompound URhSi is a 
lose analogue of the well-known �ferromagneti
 super
ondu
tor� URhGe. We have measured, for�st time on a single 
rystal, the magnetization and sus
eptibility as fun
-tions of magneti
 �eld and temperature. Arrott-plot analysis points to theCurie temperature TC = 10.5 K. At temperatures below TC we observe astrong magneti
 anisotropy with the dominant spontaneous magneti
 mo-ment (0.47 �B) along the 
-axis, similar to URhGe. Along the a- andb-axis, mu
h smaller, nevertheless non-negligible, magneti
 moments areindi
ated. A strong anisotropy is observed also in paramagneti
 range.PACS numbers: 75.30.�m, 75.50.C
, 61.10.�iThe ferromagneti
 
ompound URhSi [1℄ is a 
lose analogue of URhGe,whi
h has re
ently attra
ted strong interest be
ause of 
oexisten
e of ferro-magnetism and super
ondu
tivity at low temperatures [2℄. Both 
ompounds
rystallize in the orthorhombi
 stru
ture of the TiNiSi type. Whereas URhGewas studied also in the single-
rystal form [3℄, for URhSi up to now onlypoly
rystalline data were available (for review, see [4℄). Experimentally de-termined bulk properties of this 
ompound point to a ferromagneti
 orderbelow TC = 9.5 K. A spontaneous magneti
 moment Ms � 0.3 �B/f.u. wasderived from magnetization data measured on an oriented-powder sampleat 4.2 K [5℄. The obtained low-temperature neutron powder-di�ra
tion re-sults were interpreted in terms of a 
ollinear ferromagneti
 stru
ture with Umoments oriented along the 
-axis [6, 7℄. We have grown a single 
rystal ofURhSi and present �rst magnetization data obtained on this 
rystal.� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1437)



1438 A.V. Andreev et al.The single 
rystal of URhSi was grown from a stoi
hiometri
 melt in atetra-ar
 furna
e by a modi�ed Czo
hralski method under Ar atmosphere.At least 99.9 % pure materials were used. No subsequent heat treatmentwas given to the 
rystal. The 
rystal quality was 
he
ked by the LaueX-ray te
hnique and by the ele
tron mi
roprobe analysis. The magnetizationand the magneti
 sus
eptibility along the prin
ipal axes were measured inthe PPMS-9 magnetometer (Quantum Design) in �elds up to 9 T in thetemperature range 2�300 K.The top and bottom parts of the 
rystal 
he
ked by ele
tron-probe mi
ro-analysis were found to be single phase and homogeneous. The 
ompositionof the 
rystal was determined as U 35.5 at.% , Rh 34.4 at.% and Si 30.1 at.%that 
orresponds to the notation U1:06Rh1:03Si0:91 with 3 atoms per formulaunit.Magnetization 
urves measured in a �eld applied along the prin
ipalaxes of the 
rystal at various temperatures are shown in Fig. 1. The highest
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F�D[LVFig. 1. Magnetization isotherms of a URhSi single 
rystal along the prin
ipal axesat di�erent temperatures.



Magnetization Study of a URhSi Single Crystal 1439spontaneous magneti
 moment (Ms = 0.47 �B at 2 K) is observed for the
-axis. Mu
h smaller but non-negligible values ofMs are indi
ated along thea and b-axis (0.14 and 0.12 �B, respe
tively). These results may be 
onsid-ered in �rst approximation in terms of the uniaxial magneti
 anisotropy withthe easy 
-axis, whi
h 
ontradi
ts previous 
on
lusions about the easy-planeanisotropy based on high-�eld magnetization data of de Boer et al. [5℄ doneon �eld-oriented and random �xed-powder samples, respe
tively. On theother hand, the easy 
-axis agrees with results of neutron di�ra
tion studieson powder [6, 7℄ and on single 
rystal (this work).As in many other uranium intermetalli
s, the magneti
 anisotropy en-ergy of URhSi is very high but its quantitative estimate is di�
ult be
ausethe easy-axis magnetization 
urve shows no tenden
y to saturation up tothe highest applied �eld. Moreover, the 
-axis high-�eld sus
eptibility in9 T (8.2 � 10�8 m3/mol) ex
eeds 
onsiderably that along a and b axes(4.9 � 10�8 and 7.1 � 10�8 m3/mol, respe
tively). The large easy-axishigh-�eld sus
eptibility probably re�e
ts the itinerant 
hara
ter of 5f mag-neti
 moment. TC is determined from Arrott plots as 10.5 K. The di�eren
eto previously reported TC = 9.5 K may be tentatively attributed to the Side�
ien
y in the 
rystal.The temperature dependen
e of the inverse magneti
 sus
eptibility be-low 180 K (Fig. 2) strongly deviates from the Curie�Weiss (C�W) behaviorat higher temperatures. The C�W �t at 200�300 K gives reasonable value3.0�3.1 �B of e�e
tive magneti
 moment �e� . It is 
onsiderably smallerthan the expe
tation value for the 5f2 or 5f3 lo
alized 
on�guration (3.6�B). On the other hand it is a typi
al value for the UTX family of uraniumintermetalli
s (T is a late transition metal, X is a p-metal) [4℄. The observeddi�eren
e between the paramagneti
 Curie temperature ��p along the prin-
ipal axis is a sort of measure of the magneti
 anisotropy energy, whi
h in
ase of URhSi amounts 185 K. This value 
an be 
onsidered as moderate in
omparison with the hexagonal UTX 
ompounds. For example, in UPtAl��p = 420 K [8℄.The results of a �rst single-
rystalline study of URhSi with a slight Side�
ien
y are presented. This material is a ferromagnet with TC = 10.5 Kand exhibits a strong magneti
 anisotropy of an unusual type, whi
h 
an be
onsidered in a �rst approximation as uniaxial. The highest spontaneousmagneti
 moment (0.47 �B) is observed for the 
-axis, but it has nonzero
omponents also along the a and b-axis. A strong anisotropy is observedalso in paramagneti
 range. At temperatures above 180 K, the magneti
sus
eptibility obeys the Curie�Weiss law with �e� = 3.0�3.1 �B and �p= �305 K (a-axis), �200 K (b-axis) and �120 K (
-axis). The stru
tureand magneti
 properties of URhSi are very 
lose to those of the well-known�ferromagneti
 super
ondu
tor� URhGe.



1440 A.V. Andreev et al.
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e of inverse magneti
 sus
eptibility 1/� along theprin
ipal axes in a 2 T �eld. The dashed lines represent the Curie�Weiss law.This work is a part of the resear
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