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EFFECT OF PRESSURE ON THE FERROMAGNETICCERIUM COMPOUND CeCu9Sn4�Yasuyuki Ishii, Nobuo M�riDepartment of Physis, Saitama UniversityShimo-Okubo, 338-8570, Saitama, JapanMasato Hedo and Yoshiya UwatokoInstitute for Solid State Physis, The University of TokyoKashiwanoha, 277-8581, Kashiwa, Japan(Reeived July 10, 2002)Eletrial resistivity measurements under hydrostati pressure up to2.2GPa was arried out for a ferromagneti ternary erium ompoundCeCu9Sn4. The ferromagneti transition temperature inreases with in-reasing pressure up to 0.8GPa and then dereases with inreasing pressureabove 1GPa. Origins of this pressure dependene may be the ompetitionbetween magneti interation in the -plane and along the -diretion.PACS numbers: 75.30.Kz, 71.27.+a, 72.15.Jf1. IntrodutionThe Ce-based ompound CeCu9Sn4 order ferromagnetially below itsCurie temperature TC = 5.5K [1℄. The rystal struture of this ompoundis tetragonal LaFe9Si4-type struture [1℄ derived from the ubi NaZn13-typestruture of whih a heavy fermion ompound UBe13 is one of the example[2, 3℄. And a substituted elements ompound CeCu9:4Sn3:6 rystallizing inthe ubi NaZn13-type struture exhibits no magneti ordering down to 1.6K[1℄. From the view point of the erium sublattie for the CeCu9Sn4, thenearest neighbor erium site is in the -plane and the seond nearest neighborsite is along -axis. On the other hand, the erium site distane alongthe z-diretion of CeCu9:4Sn3:6 is equal to the nearest neighbor erium sitedistane in the xy-plane. This indiate that the energy of the ferromagnetiinteration of the erium ion in the CeCu9Sn4 might be determined by the� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1249)



1250 Y. Ishii et al.ompetition between the magneti interation within the -plane and alongthe -diretion. To larify the origins of magneti properties of CeCu9Sn4,we planned to arry out the pressure e�et investigation in this system.In this paper we report the experimental results of the eletrial resistivitymeasurements under high pressure up to 2.2GPa.2. Experimental detailsThe polyrystalline CeCu9Sn4 sample was obtained by the ar meltingmethod with the starting materials of stoihiometri amounts of the on-stituent elements and then annealed at 680ÆC for 32 days. Hydrostatipressure up to 2.2GPa was applied using the normal piston ylinder typehigh pressure apparatus. The 1:1 mixture of Fruorinert FC77 and FC70 wasused as a pressure transmitting medium. Atual pressure at low temperaturewas determined by measuring the superonduting transition temperatureof tin for whih the pressure dependene of TC is known to high auray.3. Results and disussionsX ray powder di�ration pattern using CuK� (see Fig. 1) showed thatthe obtained CeCu9Sn4 samples possess the tetragonal LaFe9Si4-type stru-ture. The obtained lattie parameters a and  at room temperature by usingthe Rietveld method with RIETAN program [4℄ were 8:596Å and 12:34Å,respetively. Fig. 2(a) shows the temperature dependene of the eletrial
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2θ  / °Fig. 1. X ray di�ration pattern using CuK� of CeCu9Sn4 (ross symbols) andalulated pattern by using of Rietveld method [4℄ (solid line). Lower solid line isthe residual urve.
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(a) (b)Fig. 2. (a) Temperature dependene of the eletrial resistivity of the CeCu9Sn4 atvarious pressure. (b) Low temperature part of the temperature dependene of theeletrial resistivity of the CeCu9Sn4 at various pressure.resistivity of the CeCu9Sn4 at various pressure. Metalli behavior was ob-served and the typial features of Kondo e�et seems to be not so strong forall pressure region up to 2.2GPa. Fig. 2(b) is the magni�ation around atlow temperature region. The sharp drop orresponding to the ferromagnetiordering was observed around 7K up to 2.2GPa. The Curie temperature TCwas de�ned as the temperature at whih the temperature derivative of theresistivity beome maximum. The pressure dependene of the TC is shownin Fig 3. The value of TC inreases with inreasing pressure up to 0.74GPa,and above 1GPa, TC dereases with inreasing pressure. Moreover, as seenin Fig. 2(b), additional new anomaly appeared below TC, under high pressureregion above 1.48GPa, and this anomaly inreases with inreasing pressure.
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Fig. 3. Pressure dependene of the Curie temperature and new anomalies of theCeCu9Sn4.



1252 Y. Ishii et al.From the temperature dependene of the resistivity, it an be onsideredthat the e�et of Kondo sreening may be relatively small for the energy ofthe ferromagneti interations in CeCu9Sn4 under the experimental pressurerange. The ferromagneti interation may be aused by the extension of-diretion from the ubi struture of the Ce-sublattie sine the ubiCeCu9:4Sn3:6 is paramagnet down to 1.6K [1℄. By applying pressure, therystal struture of CeCu9Sn4 may tend to be restored to the ubi struture,in other words, a ompressibility of -diretion of CeCu9Sn4 may be largerthan that of a-diretion. Consequently, the magnitude of ferromagnetiinteration under high pressure in CeCu9Sn4 may be ontrolled mainly bythe intersite distane along -diretion. However, we have no informationabout the intersite distanes of the Ce ions under high pressure. We alsoneed to know the elasti properties of the CeCu9Sn4. Moreover, the originsof the pressure indued new anomaly is still unknown. Also the possibility ofexistene of a new magneti phase, below ferromagneti phase, must be takeninto aount. Further investigations are neessary to larify the magnetiproperties of CeCu9Sn4.This work is partly supported by a Grant-in-Aid from the Ministry ofEduation, Siene, Sports, and Culture, Japan.REFERENCES[1℄ Surjeet Singh, M.L. Fornasini, P. Manfrinetti, A. Palenzona, S.K. Dhar,P.L. Paulose, J. Alloy. Compd. 317, 560 (2001).[2℄ H.R. Ott, H. Rudigier, Z. Fisk, J.L. Smith, Phys. Rev. Lett. 50, 1595 (1983).[3℄ E. Buher, J.P. Maita, G.W. Hull, R.C. Fulton, A.S. Cooper, Phys. Rev. B11,440 (1975).[4℄ F. Izumi, T. Ikeda, Mater. Si. Forum 321, 198 2000).


