
Vol. 34 (2003) ACTA PHYSICA POLONICA B No 2
MAGNETIC AND TRANSPORT PROPERTIES OFR2MIn8 (R=La,Ce Pr; M=Rh, Ir)� ��S. Ohara, I. Sakamoto, T. Shomi, and G. ChenDept. of Eletrial and Computer Engineering, Nagoya Institute of TehnologyGokiso, Showa-ku, Nagoya 466-8555, Japan(Reeived July 10, 2002)We have grown single rystals of R2MIn8 ompounds (R=La, Ce, Pr;M = Rh, Ir) and measured magneti and transport properties of theserystals in the temperature range 1.8�300 K. We have found that Ce2RhIn8is an antiferromagnet with a Néel temperature TN=2.8 K and Ce2IrIn8 isin a paramagneti state down to 1.8 K. The Ce-based ompounds are denseKondo materials with the Kondo temperatures of several tens of Kelvinsand nearly a hundred Kelvin for Ce2RhIn8 and Ce2IrIn8, respetively. ThePr ions in the Pr-based ompounds are in the singlet ground states.PACS numbers: 75.30.Kz 1. IntrodutionThe ompounds CemMIn3m+2 (m = 1; 2; M=Co, Rh, Ir) have attratedmuh interest sine the disovery of a new heavy fermion superondutors forthe CeMIn5 ompounds [1�3℄. These materials rystallize in the quasi-two-dimensional tetragonal HomCoGa3m+2 struture, where m layers of HoGa3units stak sequentially along the -axis with intervening layer of CoGa2.The superondutivity observed in the CeMIn5 ompounds an be onsid-ered to be mediated by spin �utuations that are present at a boundaryof magneti ordered phases, as in the ase for other heavy Fermion super-ondutors [4℄. For magnetially mediated superondutivity, quasi-two-dimensional rystal struture is favorable to stabilize the Cooper pairing [2℄.Thus a family of Ce2MIn8 ompounds is expeted to be in the superon-duting state under ambient or high pressures [5�7℄. To investigate a quasi-two-dimensionality of the eletrial band struture for R2MIn8 ompounds,we have measured the de Haas�van Alphen e�et on La2RhIn8 and reportedin [8℄.� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.�� Send any remarks to sakamoto�elom.niteh.a.jp(1243)



1244 S. Ohara et al.In this work we have grown the single rystals of the R2MIn8 ompounds(R=La, Ce , Pr; M=Rh, Ir) and reported magneti suseptibility, eletrialresistivity and Hall e�et measurements on these single rystals to larifythe ground state properties at ambient pressure.2. ExperimentalSingle rystals of R2MIn8 were grown from an In �ux starting from theinitial ompositions of R:M:In=2:1:10 by a similar method desribed in [8℄.The purities were 3N for R and M elements and 5N for In. The rystalstruture and phase purity were on�rmed by an X-ray powder di�rationmethod. The lattie parameters a () of R2RhIn8 are obtained as 4.691(12.30) Å for R=La; 4.664(12.25) Å for R=Ce; 4.658(12.19) Å for R=Prand those of R2IrIn8 4.703(12.36) Å for R=La; 4.701(12.20) Å for R=Ce;4.652(12.17) Å for R=Pr. The lattie parameters for the La- and Ce-basedompounds agree with [6,7,9℄; those for Pr-based ompounds are �rst re-ported and are onsistent with the extrapolated values from the La- andCe based ompounds. The eletrial resistivity and the Hall oe�ient weremeasured by a usual four probes DC method. The magneti suseptibilitywas measured by a SQUID magnetometer.3. Result and disussionWe plot the temperature T dependene of the magneti suseptibility(�) for an applied �eld H along the -axis and (�a) for the a-axis of theCe2MIn8 and Pr2MIn8 ompounds (M=Rh, Ir) in �gures 1(a) and (b), re-spetively. The La2MIn8 ompounds showed only a temperature indepen-dent diamagnetism between 1.8 K and 300 K.The suseptibility for the Ce-based ompounds was found to be desribedwell by the Curie�Weiss law for both �eld diretions at T � 150K. The ef-fetive Bohr magneton values Pe� are 2.6 for Ce2RhIn8 and 2.3 for Ce2IrIn8in two di�erent magneti �eld diretions. The latter values is redued some-what from the Hunt's rule value of 2.54 for Ce3+ ion. The paramagnetiCurie�Weiss temperatures � are �15 K and �85 K for H k and H ka,respetively. The � values of Ce2IrIn8 are nearly the same as those forCe2RhIn8, indiating that rystal �eld e�ets at to the same extent on themagneti properties for both Ce ompounds.At low temperatures, �a for Ce2RhIn8 inreases with dereasing temper-ature, take a maximum at about 5K and then derease, while � ontinues toinrease down to about 3 K and takes a kink. The inset presents variationsof � and �a for the lowest temperature part, in whih both the kink in �and a rapid derease in �a appear at 2.8 K. The inset also ontains the tem-perature dependene of the eletrial resistivity, whih shows a sharp hange



Magneti and Transport Properties of R2MIn8 . . . 1245at 2.8 K. The behavior for � and � shows that the Ce2RhIn8 ompoundsorder antiferromagnetially at 2.8 K and take the magneti moment in the-plane. On the other hand, the � urves for Ce2IrIn8 indiate that thisompound is in a paramagneti state down to 1.8 K. The behavior of � forCe2RhIn8 and Ce2IrIn8 is very similar to that for CeRhIn5[1℄ and CeIrIn5[3℄,respetively, exept that CeRhIn5 has a Néel temperature of 3.8K.
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Fig. 1. Magneti suseptibility for Ce2MIn8 (a) and Pr2MIn8 (b), where M= Rhand Ir. The inset in (a) presents temperature dependene of suseptibility andeletrial resistivity at low temperatures.Figure 1(b) shows that the temperature dependene of � for Pr2RhIn8and Pr2IrIn8 are similar for eah �eld diretion of Hka and . The valuesof Pe� obtained from the Curie�Weiss law agree with the Hunt's rule valueof 3.58 to within an experimental error. The � values are 15K for Hkand �36K for Hk for both ompounds. As T dereases, eah � urvedeviates downward from the Curie�Weiss law and tends to onstant valuenearly independent of the M elements for both �eld diretions. This lowtemperature dependene of � indiates that the ground state of Pr ion inPr2MIn8 is in a singlet state and observed temperature independent � is dueto a Van Vlek ontribution.Figure 2 shows the temperature dependene of the eletrial resistivity� with the urrent parallel to the a diretion for the R2MIn8 ompounds(R =La, Ce, Pr; M=Rh, Ir). The resistivity of Ce2RhIn8 dereases slowlywith dereasing temperature down to 150 K, inreases logarithmially, takesa maximum at 5 K and then dereases sharply. This feature learly indiatesthat the CeRhIn8 ompound is a dense Kondo material of whih Kondo tem-perature is several tens of Kelvins and a oherent state develops at about 5K.



1246 S. Ohara et al.As already shown in �gure 1, this ompound beomes an antiferromagnet at2.8 K. The � urve for Ce2IrIn8 shows the similar temperature dependene.But it takes a maximum at about 50 K, indiating that the Kondo temper-ature is an order of 100 K. This explains the reason why the e�etive Bohrmagneton for Ce2IrIn8 is somewhat smaller than the Ce3+ Hunt's value, be-ause the magneti moment should be redued at high temperatures by theKondo e�et.The resistivity for the Pr-based ompounds shows rapid inrease at T �100K, and varies linearly for T � 100K. The low temperature variation of� should be due to spin disorder sattering beause Pr ion in the tetragonalsymmetry an take a singlet ground states in whih magneti moment isnotieably redued in omparison with that of a free Pr3+ ion.A very peuliar behavior in � is observed in La2RhIn8; � inreases rapidlyup to 50 K and varies linearly for T � 100K. For T � 15K, � is proportionalto T 3. A similar temperature dependene of � is observed in La2Rh3S5[10℄.Qualitatively, this dependene agrees with the Wilson's s�d interband sat-tering model. But the problem remains unsolved from a quantitative view.No anomaly is observed in the resistivity of La2IrIn8.
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0Fig. 2. Temperature dependene of resistivity for R2MIn8(R=La,Ce,Pr; M=Rh,Ir).Figure 3 shows the temperature dependene of the Hall oe�ient mea-sured with Hk for the La- and Pr-based ompounds (a) and the Ce-basedompounds (b). RH of the La-based ompounds show a very weak tem-perature dependene down to about 50 K and upturn at low temperatures.For the Pr-based ompounds RH is also temperature independent for 50K� T � 300 K. The low temperature derease in RH for the Pr-based om-pounds should be an anomalous Hall e�et owing to the large paramagnetismas shown in �gure 1(b). RH of both Ce-based ompounds show weak tem-



Magneti and Transport Properties of R2MIn8 . . . 1247perature dependenies with dereasing temperature down to 100 K, inreasegradually below 100 K, take a maximum at the temperature where the re-sistivity takes a maximum, and then derease remarkably. These behavioragree with an universal temperature dependene of RH for heavy eletronmaterials [11℄.
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(b)Fig. 3. Temperature dependene of the Hall oe�ient for La2MIn8 and Pr2MIn8(a) and Ce2MIn8 (b) for M=Rh, Ir.In summary, we have studied magneti and transport properties of theompounds R2MIn8 (R=La, Ce, Pr; and M=Rh, Ir) in the temperaturerange 1.8�300 K. The Ce2RhIn8 and Ce2IrIn8 ompounds are dense Kondomaterials with the Kondo temperature of several tens of Kelvins and a hun-dred Kelvin, respetively. The former orders antiferromagnetially at 2.8K. The Pr ions in the Pr-based ompounds are in the singlet ground state.A peuliar temperature dependene appears in the resistivity of La2RhIn8,whih remains unsolved.We thank A. Baba and K. Yokoi or their helpful assistant throughoutthe present work. One of us (S.O.) was �nanially supported by NittoFoundation.



1248 S. Ohara et al.REFERENCES[1℄ H. Hegger, C. Petrovi, E.G. Moshopoulou, M.F. Hundley, J.L. Sarrao, Z. Fisk,J.D. Thompson, Phys. Rev. Lett. 84, 4986 (2000).[2℄ C. Petrovi, P.G. Pagliuso, M.F. Hundley, R. Movshovih, J.L. Sarrao,J.D. Thompson, Z. Fisk, P. Monthoux, J. Phys.: Condens. Matter 13, L337(2001).[3℄ C. Petrovi, R. Movshovih, M. Jaime, P.G. Pagliuso, M.F. Hundley, J.L. Sar-rao, Z. Fisk, J.D. Thompson, Europhys. Lett. 53, 354 (2001).[4℄ F. Steglih, J. Magn. Magn. Mater. 226�230, 1 (2001).[5℄ N.O. Moreno, M.F. Hundley, P.G. Pagliuso, R. Movshovih, M. Niklas,J.D. Thompson, J.L. Sarrao, Z. Fisk, Physia B 312�313, 241 (2002).[6℄ A.L. Cornelius, P.G. Pagliuso, M.F. Hundley, J.L. Sarrao,Phys. Rev. B64,144411 (2001).[7℄ J.D. Thompson, R. Movshovih, Z. Fisk, F. Bouquet, N.J. Curro, R.A. Fisher,P.C. Hammel, H. Hegger, M.F. Hundley, M. Jaime, P.G. Pagliuso, C. Petrovi,N.E. Phillips, J.L. Sarrao, J. Magn. Magn. Mater. 226�230, 5 (2001).[8℄ S. Ohara, Y. Shomi, I. Sakamoto, J. Phys. So. Jpn. 71, Suppl. 258 (2002).[9℄ P.G. Pagliuso, J.D. Thompson, M.F. Hundley, J.L. Sarrao, Z. Fisk, Phys. Rev.B63, 54426 (2001).[10℄ S. Ramakrishnan, N.G. Patil, A.D. Chinhure, V.R. Marathe, Phys. Rev.B64,64514(2001).[11℄ Y. 	Onuki, S.W. Yun, K. Satoh, H. Sugawara, H. Sato, Transport and ThermalProperties of f-Eletron Systems, Plenum Press, New York and London 1993,p.103.


