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STRUCTURE AND PROPERTIES OF CeRhSn� A VALENCE FLUCTUATING SYSTEM�K. �¡tka, M. RamsM. Smoluhowski Institute of Physis, Jagellonian UniversityReymonta 4, 30-059 Kraków, PolandR. Kmie¢, R. Kruk, A.W. PaynaH. Niewodniza«ski Institute of Nulear PhysisRadzikowskiego 152, 31-342 Kraków, PolandT. Shmidt, G. Kotzyba, R. PöttgenInstitut für Anorganishe und Analytishe Chemie, Universität MünsterWilhelm-Klemm-Strasse 8, 48149 Münster, Germanyand D. JohrendtInstitut für Anorganishe Chemie und Strukturhemie, Lehrstuhl IIH. Heine Universität Düsseldorf, Universitätsstr. 1, 40225, Düsseldorf, Germany(Reeived July 10, 2002)Xray di�ration studies have been performed on a CeRhSn single rystaland its anomalous unit-ell volume was on�rmed. This, together with tem-perature dependene of magneti suseptibility indiate valene-�utuatingbehaviour of Ce ions. Band struture alulations support suh a be-haviour. Anomalous value of the quadrupole interation onstant derivedfrom 119Sn Mössbauer spetrosopy is observed. A and d magneti sus-eptibility investigations as well as preliminary resistivity measurements ev-idene that this ompound does not order magnetially down to 2K, but oneof our samples is superonduting with a transition temperature of 6.5K.PACS numbers: 75.20.Hr, 74.70.�b, 82.80.Ej1. IntrodutionCerium based ternary ompounds CeTX (T transition metal, X p-element)show many interesting physial properties suh as the Kondo e�et, valene�utuations, heavy fermion behaviour or di�erent types of magneti order-� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1225)



1226 K. �¡tka et al.ing, whih depend on the degree of the hybridisation between 4f eletronswith the ondution eletrons [1�4℄. For example, CeRhSb and CeRhAs werefound to be Kondo semiondutors [1, 2℄ and simultaneously the �rst om-pound has a mixed valene harater. Valene instability was also disoveredfor CeRhP [2℄ and CeRhIn [3℄.The title ompound was �rst reported by Routsi et al., [5℄, however, theirlattie parameters are not orret and magneti suseptibility measurementsshown up to 120K led only to a onlusion that Curie�Weiss behaviour is notobserved. Reent measurements showed that lattie parameters of CeRhSndi�er signi�antly from the plot of the ell volumes for the whole series ofRERhSn stannides [6℄ and a deviation of the erium ompound from theusual lanthanide ontration is learly observed.In this work new X ray investigations arried out on a CeRhSn singlerystal are presented together with the results of a and d magneti susep-tibility and 119Sn Mössbauer spetrosopy measurements performed in thetemperature range from 2K to 300K on a polyrystalline sample.2. Experimental results and disussionCeRhSn was prepared by reation of the elements in a sealed tantalumtube in a high-frequeny furnae. The struture was re�ned from single rys-tal X ray di�ration data: ZrNiAl type, spae group P�62m, a = 745:8(1), = 408:62(9) pm, wR2 = 0:0379, for 354 F 2 values and 14 variable param-eters. Re�nement of the oupany parameters revealed full oupany ofall four atomi positions within one standard deviation. No deviation fromthe ideal omposition is observed.The present single rystal study [6℄ on�rmed the values of the lattieparameters derived in our reent investigations [7℄ on powder samples, re-vealing that they are indeed di�erent from those given by Routsi et al., [5℄.The ourse of the ell volumes now unambiguously indiates the mixed va-lent behaviour of the erium atoms. The CeRhSn struture ontains tworystallographially di�erent rhodium sites whih both have a triappedtrigonal prismati oordination: [Rh1Sn3Ce6℄ and [Rh2Sn6Ce3℄. Togetherthe rhodium and tin atoms build a three-dimensional polyanion in whihthe erium atoms �ll distorted hexagonal hannels.The Mössbauer spetrosopi investigations employing the 119Sn23.875 keV transition were arried out in the temperature range 2 to 300K. Inaordane with the non-ubi symmetry (m2m) of the tin sites, all reordedspetra show only pure quadrupole splitting, and an be easily �tted witha single omponent on�rming high purity and homogeneity of our sam-ple. The isomer shift Æis(4:2K) = 1:82(1) mm/s (in respet to Ba119SnO3soure) is in the limit of error equal to the value obtained at room tem-



Struture and Properties of CeRhSn . . . 1227perature Æis(293K) = 1:81(1) mm/s being typial and omparable to thevalues measured in other RERhSn stannides and most generally tin inter-metallis [7℄ (and referenes therein). The quadrupole interation onstant�EQ = eQVzz(2:1K) = 1:10(1) mm/s does not hange remarkably as a fun-tion of temperature but is learly higher than observed in other membersof the RERhSn family [7℄ indiating an anomalous harater for CeRhSn.This resembles the situation found for the antiferromagneti heavy fermionstannide CeAgSn against a bakground of the REAgSn series [4℄.Fig. 1 shows the temperature dependene of the inverse d magneti sus-eptibility measured by means of SQUID magnetometer, in an applied �eldof 1 kOe. No phase transition of magneti origin was deteted down to 2K.Above 120K the temperature dependene of the magneti suseptibility anbe desribed by a modi�ed Curie�Weiss law in the form: � = �0+C=(T��p)where �0 is the temperature independent term. The least squares re�nement
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Fig. 1. Magneti d-suseptibility of CeRhSn in H = 1000Oe. The solid line is theCurie�Weiss �t in the temperature range 120�300K (see text).results in �e� = 1:30�B=Ce ion, highly negative �p = �70K evidening an-tiferromagneti orrelations, and relatively big �0 = 0:87 � 10�3 emu/molewhih is omparable to the values obtained for valene �utuating CeRhP(1:30 � 10�3 emu/mole) [2℄ or CeRhIn (1:13 � 10�3 emu/mole) [3℄. Thederived e�etive magneti moment is signi�antly redued in omparisonwith the theoretial value for a free Ce3+ ion �the� = 2:54�B, giving anotherhint for an intermediate valene behaviour of erium. Sine the magnetimoment of tetravalent erium is zero, so then the observed redution of themagneti moment ould be explained in a natural way by frational ou-pation of 4f0 (Ce4+) and 4f1 (Ce3+) states. In this ontext the Sales andWohlleben (SW) phenomenologial ICF-model [8℄ was onsidered. However,it was found out that suh a model does not �t properly our suseptibil-ity data. The reason is that for a negative exitation energy Ex, the SW



1228 K. �¡tka et al.formula [8℄ gives only a small redution of the e�etive magneti momentof erium at high temperature i.e. �e� = p6=7 2:54�B = 2:35�B while forpositive Ex the resulting �(T ) funtion has a broad maximum whih is notobserved experimentally. The observed redution of the e�etive magnetimoment is too strong to be explained by rystalline �eld e�ets.Eletroni band struture alulations, arried out using the TB-LMTO [9℄and WIEN2k [10℄ program pakages, on�rm the metalli harater ofCeRhSn. Spin polarized alulations resulted in no magnetially orderedground state for the Ce 4f shell. Even foring the magneti Ce3+ on-�guration using the �xed-spin method showed no energy gain omparedwith the nonmagneti Ce4+. Thus both states appear to be energetiallyequivalent, whih re�ets the valene �utuating behaviour of CeRhSn. Thehemial bonding analysis shows strongRh�Sn bondingwithin the [RhSn℄Æ�polyanion.Below TC = 6:5K one of two our samples undergoes a superondutingtransition as doumented in Fig. 2 by a sudden diamagneti drop of the dsuseptibility measured in a magneti �eld of 3.6Oe after ooling the samplein zero magneti �eld (ZFC). At the same temperature a fall of resistivity isobserved. The resistivity does not derease to zero, but it may be a resultof weak superonduting links between superonduting grains, sine themeasurement was done using a pellet obtained by pressing powder material.
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Fig. 2. Left: d-suseptibility of our CeRhSn sample measured in H = 3:6Oe afterzero �eld ooling. Resistivity measured on the pressed powder pellet is also shown.Right: real �0 and imaginary �00 parts of the zero �eld a magneti suseptibilityfor CeRhSn.The transition into the superonduting state is also on�rmed by theharateristi hysteresis loop below TC (not shown) as well as by the onsetof the diamagneti signal in �0 at T = 6.6K assoiated with the maximum of�00 (Fig. 2) and the distint maximum of the third harmoni (not displayed



Struture and Properties of CeRhSn . . . 1229here) observed lose to the transition temperature. The superondutingfration was estimated from magneti measurements (without taking intoaount the demagnetization fator) to be about 10%.3. ConlusionsX-rays, a and d magneti suseptibility measurements, support anoma-lous behaviour of CeRhSn assoiated with valene �utuation. It was shownthat the Sales�Wohlleben ICF model is not adequate to desribe the temper-ature dependene of the magneti suseptibility. A superonduting tran-sition was deteted for one CeRhSn sample but further investigations areneeded to reognise the origin of this superonduting state.REFERENCES[1℄ S.K. Malik, D.T. Adroja, Phys. Rev. B43, 6277 (1991).[2℄ T. Sasakawa et al., J. Phys.: Condens. Matter 14, L267 (2002).[3℄ D.T. Adroja et al., Phys. Rev. B39, 4831 (1989).[4℄ K. �¡tka, R. Kmie¢, J. Gurgul, J. Alloy. Compd. 319, 43 (2001).[5℄ Ch.D. Routsi et al., J. Magn. Magn. Mater. 117, 79 (1992).[6℄ T. Shmidt, R. Pöttgen, K. �¡tka, R. Kmie¢, R. Kruk, A.W. Payna, M. Rams,to be published.[7℄ R. Mishra et al., Z. Naturforsh. 56b, 589 (2001).[8℄ B.C. Sales, D.K. Wohlleben, Phys. Rev. Lett. 35, 1240 (1975).[9℄ O.K. Andersen, Tight-Binding LMTO Vers. 47, Max-Plank-Institut für Fes-tkörperforshung, Stuttgart 1994.[10℄ P. Blaha, K. Shwarz, J. Luitz, WIEN2k, An Augmented Plane Wave PlusLoal Orbitals Program, Vienna University of Tehnology (2001).


