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DECOUPLING OF MAGNETIC GROUND STATE ANDELECTRONIC TRANSPORT PROPERTIES INURh2Ge2�S. Süllow, I. Maksimov, F.J. LitterstInstitut für Metallphysik und Nukleare Festkörperphysik, TU Braunshweig38106 Braunshweig, Germanyand J.A. MydoshKamerlingh Onnes Lab., Leiden University2300 RA Leiden, The Netherlands(Reeived July 10, 2002)We present a study of the suseptibility and eletroni transport proper-ties of the alloying series URh2Ge2�xSnx, x� 0.1. The magneti behaviorvaries as funtion of x from an antiferromagneti to a spin glass groundstate. In ontrast, the eletroni transport does not orrespondingly re�etthe modi�ation of the magneti ground state properties. Instead, we ar-gue that it indiates di�usive transport for all samples, possibly related todisorder indued eletroni loalization.PACS numbers: 72.80.Ng, 72.15.Qm, 75.50.Ee, 75.50.LkIn reent years the e�et of rystallographi disorder on the groundstate properties of heavy fermion ompounds has been studied intensively[1�5℄. It has been found that moderate levels of disorder ontrol the groundstate properties of in partiular uranium heavy fermion systems. It ausesspin glass and disordered antiferromagneti ground states in systems likeU2(Pd,Pt)Ga3 [2℄, U2(Pd,Pt,Au)Si3 [3℄, URh2Ge2 [6℄ and a�ets the Non-Fermi-Liquid (NFL) properties of UCu5�xPdx [4, 5℄.For UCu5�xPdx the resistivity, whih rises linearly upon approahingT =0, has been interpreted in terms of NFL behavior: within the Kondodisorder model [7℄, the Gri�ths-phase senario [8℄ or on basis of onformalinvariane saling arguments [9℄. For disordered antiferromagneti systemsthe Kondo e�et has been proposed to aount for anomalous resistivity [2℄.� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1153)



1154 S. Süllow et al.Based on the similarity of the eletroni ondution of materials withdi�erent magneti ground states, an alternative view of the resistivity as-sumes that disorder indued eletroni loalization plays a role [1℄. Here, wepresent further experiments on alloyed material URh2Ge2 in support of thisargumentation. Our study demonstrates the deoupling between eletrialondutivity and magneti ground state properties, whih for the alloyingseries URh2Ge2�xSnx ranges from long-range magneti order to a spin glassground state.Samples of nominal omposition URh2Ge2�xSnx, x=0.02, 0.04 and 0.1have been produed by ar-melting the onstituents in stoihiometri ratiounder puri�ed argon atmosphere on a water ooled opper ruible. Nofurther heat treatment was applied to the samples. The polyrystallinebuttons ontain mm-sized preferentially oriented single rystalline grains.Phase homogeneity was heked by means of Eletron Miro Probe Anal-ysis. It indiates that the samples onsist of a majority phase plus a smallvolume fration (� 1% volume amount) of �m-sized inlusions of a Sn rihseondary phase. For all samples U:Rh:Ge/Sn ratios of 1:2:2 are foundwithin experimental resolution. However, the atual Sn ontent of the ma-trix is smaller than the nominal value x. For x=0.02 a weak Sn signaltoo low for a quantitative evaluation (< 0.5%) was deteted in the matrix.For x=0.04 and 0.1 Ge/Sn ratios of 1.99:0.01 and 1.93:0.07 are determined.Still, in the following we refer to the samples by their nominal omposition.Suseptibility experiments have been arried out using a Foner magne-tometer between 5 and 300K. Resistivity has been measured employing astandard four probe a tehnique from 2 to 300K.In Figure 1 we plot the suseptibility of URh2Ge2�xSnx, x=0.02, 0.04and 0.1, measured in a �eld ooled (FC) and zero �eld ooled (ZFC) mode inB=0.05T. For omparison we inlude the result for single rystalline spinglass URh2Ge2, B=0.005T k a and  axes [6℄. The absolute values � forthe polyrystalline samples vary by a fator 2, but within the limits of thesingle rystalline data. It re�ets pronouned preferential orientation of thepolyrystals.As previously noted [1℄, for stoihiometri material URh2Ge2 the mag-neti ground state (spin glass or antiferromagnet) very sensitively dependson the sample prodution proedure. Here, under present prodution on-ditions we obtain an antiferromagneti sample for x=0.02, as indiated byan antiferromagneti anomaly at TN=13.3K without irreversibility betweenFC and ZFC measurement [10℄.Inreasing the Sn ontent inreases the disorder level and stabilizes thespin glass ground state. Thus, for x=0.04 we �nd oexistene of antifer-romagneti and spin glass phases, as orroborated by the antiferromagnetianomaly at TN and the onset of magneti irreversibility below the freezing
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T (K)Fig. 1. Suseptibility of URh2Ge2�xSnx, x=0.02 (a), 0.04 (b), 0.1 (), and ofsingle rystalline URh2Ge2, B k a (d) and  (e) axes, measured in �eld ooled(open symbols) and zero �eld ooled (�lled symbols) mode.
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Fig. 2. The resistivity � (a) and redued ondutivity ���(T = 0) (b) ofURh2Ge2�xSnx, x=0.02, 0.04, 0.1 and single rystalline URh2Ge2 along the aaxis.temperature Tf � 10K between FC and ZFC experiment. Finally, for x=0.1the suseptibility indiates pure spin glass behavior below Tf .The tuning of the magneti ground state properties is not re�eted inthe eletroni transport properties. In �gure 2(a) we plot the resistivity � ofURh2Ge2�xSnx, x=0.02, 0.04, 0.1, as funtion of temperature. For none ofthe samples we observe resistive anomalies at the antiferromagneti and/orfreezing transitions.



1156 S. Süllow et al.In the plot we inlude the a axis resistivity of a single rystalline spe-imen [10℄. The omparison between poly- and single rystalline samplesindiates that for the polyrystals � re�ets preferential orientation, withthe resistivity probing the easy resistane path along a.The variation of the absolute resistivity values for URh2Ge2�xSnx annotbe aounted for by Matthiesen's rule. Instead, as previously proposed [1℄,by plotting the redued ondutivity ���(T = 0), the data an be saledonto a single urve (Fig. 2(b)). As well, with this proedure saling with thea axis resistivity of the single rystal is ahieved up to 200K.Our �ndings support the notion, that in these moderately disorderedintermetalli uranium ompounds the resistivity does not probe the mag-neti ground state properties. The eletroni transport proesses are dif-fusive rather than ballisti, re�eting the failure of Matthiesen's rule. Inonsequene, the redued ondutivity ���(T = 0) represents the relevantquantity for the temperature dependene of the eletroni transport meh-anisms.We aknowledge �nanial support by the Deutshe Forshungsgemein-shaft DFG under grant no. SU 229/1-1/2. Samples have been made withinFOM-ALMOS. REFERENCES[1℄ S. Süllow et al., J. Magn. Magn. Mat. 226-230, 35 (2001).[2℄ V.H. Tran, F. Steglih, G. André, Phys. Rev. B65, 134401 (2001).[3℄ D. Li et al., J. Phys. So. Jpn. 71, 418 (2002).[4℄ D.E. MaLaughlin et al., Phys. Rev. Lett. 87, 066402 (2001).[5℄ M.C. Aronson et al., Phys. Rev. Lett. 87, 225 (2001).[6℄ S. Süllow et al., Phys. Rev. Lett. 78, 384 (1997).[7℄ E. Miranda, V. Dobrosavljevi¢, G. Kotliar, Phys. Rev. Lett. 78, 290 (1997)[8℄ A.H. Castro-Neto, G. Castilla, B.A. Jones, Phys. Rev. Lett. 81, 3531 (1998);M.C. de Andrade et al., Phys. Rev. Lett. 81, 5620 (1998).[9℄ M.C. Aronson et al., Europhys. Lett. 40, 245 (1997).[10℄ S. Süllow et al., Phys. Rev. B61, 8878 (2000).


