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SINGLE CRYSTAL GROWTH AND MAGNETICPROPERTIES OF FERROMAGNETIC URhGe2�Tatsuma D. Matsuda, Yoshinori Haga, Yoshihumi TokiwaGalatanu Andrei, Etsuji YamamotoJAERI, Tokai-mura, Naka-gun, Ibaraki 319-1195, JapanTomoyuki OkuboGraduate Shool of Siene, Osaka University, Toyonaka, Osaka 560-0043, Japanand Yoshihika 	OnukiJAERI, Tokai-mura, Naka-gun, Ibaraki 319-1195, JapanandGraduate Shool of Siene, Osaka University, Toyonaka, Osaka 560-0043, Japan(Reeived July 10, 2002)We have suessfully grown a single rystal of uranium intermetalliompound URhGe2. The temperature dependene of eletrial resistivityshows highly anisotropi behavior. Two anomalies, whih orrespond to themagneti ordering temperatures, were observed in the resistivity, magnetisuseptibility and spei� heat measurements at TM1= 30 K and TM2=25 K.The magneti suseptibility also shows a large uniaxial anisotropy with amagneti easy-axis along the [010℄ diretion.PACS numbers: 74.25.Fy, 74.25.Ha, 75.50.GgCerium and uranium ompounds indiate a variety of magneti andsuperondutivity properties suh as magneti and quadrupolar orderings,heavy fermions and unonventional superondutivity. Reently, a new as-pet of erium and uranium ompounds with magneti ordering have beendisovered. When pressure P is applied to these ompounds suh as CeIn3[1℄, CeRhIn5 [2℄ and UGe2 [3℄, the ordering temperature Tord dereases, anda quantum ritial point orresponding to the extrapolation Tord ! 0 Kis reahed at P = P. Surprisingly, superondutivity appears around P� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1071)



1072 T.D. Matsuda et al.even in the ferromagneti state of UGe2 [3℄. More reent report indiatedthat ferromagneti URhGe with Curie temperature TC = 9:5 K and a sat-urated moment �s = 0:42�B=U beomes superonduting below 0.25 K [4℄.Ferromagneti moment-mediated superondutivity is realized in UGe2 andURhGe. In order to larify the superonduting properties, we searhed foranother uranium ompounds. One of the andidates is URhGe2 with theorthorhombi rystal struture (a = 4:294 Å, b = 15:98 Å and  = 8:726Å) [5℄. The previous data for the polyrystalline sample indiate that itorders ferromagnetially below TC = 31 K and a saturated moment �s isabout 0.2 �B/U.We sueeded in growing a single rystal by the Czohralski-pullingmethod in a tetra-ar furnae under argon gas atmosphere. The startingmaterial were 99.975%-pure U, 99.99%-Rh and 99.999%-Ge. The size of aningot was about 2-3 mm in diameter and 65 mm in length, as shown inFig. 1.
Fig. 1. Single rystal ingot of URhGe2.The eletrial resistivity was measured by the ordinary four-probe dmethod. The magneti suseptibility and magnetization were measured bya ommerial SQUID magnetometer. The spei� heat was measured by thequasi-adiabati heat-pulse method.Figure 2 (a) shows the temperature dependene of the eletrial resistiv-ity �100, �010 and �001 for the urrent J along [100℄, [010℄ and [001℄, respe-tively. For urrents along [010℄ and [001℄, the resistivity inreases slightlywith dereasing temperature. We found two anomalies at TM1 = 30 K andTM2 = 25 K, as shown in Fig. 2(b). The upturn of �010 just below TM1might be onneted with magneti super-zone gap formation, suggesting thepossibility of modulated magneti struture. On the other hand, the resis-tivity �100 is almost �at and slightly dereases with dereasing temperaturedown to about 50 K. Below TM1, �100 dereases steeply, and small kinks areobserved at TM1 and TM2. The residual resistivity is, however, large, being117 �
m in the urrent J along [100℄, 327 �
m in J==[010℄ and 389 �
min J==[001℄.



Single Crystal Growth and Magneti Property of . . .URhGe2 1073
10 20 30 40 50

R
e

si
st

iv
ity

 (
a

rb
. u

ni
t)

J // [100]

[001]

[010]

TM1TM2

URhGe2

(b)

Temperature (K)

0

100

200

300

400

500

0 100 200 300

R
e

si
st

iv
ity

 (µ
Ω

cm
)

Temperature (K)

URhGe2

[100]

[001]

J // [010] (a)

Fig. 2. Temperature dependene of eletrial resistivity in URhGe2.Figure 3 shows the temperature dependene of the spei� heat C inthe form of C=T . With dereasing temperature, two �-type anomalies areobserved at TM1 and TM2. The eletroni spei� heat oe�ient  is esti-mated as  =98 mJ/K2mol. This value is relatively large for the uraniumompounds.
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Fig. 3. Temperature dependene of spei� heat in URhGe2.Figure 4 (a) shows the temperature dependene of magnetization. Atlow temperature, a steep inrease of magnetization indiates ferromagnetiordering. We note that the magneti suseptibility is almost temperature-independent above 50 K, indiating 5f -itinerant band magnetism.The easymagnetization diretion is [010℄ axis, as shown in Fig. 4(b), while [100℄ and



1074 T.D. Matsuda et al.[001℄ are hard-axes. The saturated moment for H==[010℄ is 0.7 �B/U, whihis larger than 0.2 �B/U for the polyrystalline sample. There exists a largemagneti anisotropi energy in URhGe2.
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