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FIELD DEPENDENCE OF ELASTIC CONSTANTS INTHE BILAYER MANGANITE: (La1�zPrz)1:2Sr1:8Mn2O7FOR z = 0:6�Y. Nakanishi, K. Shimomura, M. Matasukawa, M. YoshizawaDepartment of Materials Siene and Engineering, Iwate UniversityMorioka 020-8551, JapanM. Apost, R. Suryanarayanan and A. RevolevishiLCS, CNRS, UA446, Bât. 414 Université Paris-Sud, 91405 Orsay, Frane(Reeived July 10, 2002)Elasti properties of the Pr-doped bilayer manganite:(La1�zPrz) 1:2Sr1:8Mn2O7 for z=0.6 was investigated by means of the ul-trasoni measurement. No remarkable anomaly was observed around thetransition temperature in the temperature dependene of C33 in zero �eld.A pronouned elasti anomaly, however, has been observed around themagneti phase transition �eld Ht in the longitudinal elasti onstants C11,indiating the phase an be indued in magneti �elds. The transition a-ompanies a large hysteresis, implying the ordered state to be so-alled�orbital-glass state�. The origin of observed elasti anomalies are disussedin terms of the oupling between elasti strains and magneti moments ofMn ions, and a hange of arrier numbers.PACS numbers: 71.27.+a, 71.30.+h, 75.30.VnReently muh attention is being foused on the bilayer manganites withgeneral formula (La1�zPrz)1:2Sr1:8Mn2O7: abbreviated to LSMO(327), aswell as other manganites [1�5℄. Beause the largest magnitude of Metal�Insulator (MI) transition was found in their family of the Ruddlesden�Popper series (R, D)n+1MnnO3n+1. The feature of LSMO(327) with n=2 isthat the system has two-dimensional network in MnO2 sheets with insertedbloking layers (La1�xSrx)2O2 leading to signi�ant magneti �utuationsompared to three-dimensional one (n=1). This two-dimensionality is be-lieved to play an important role in the enhanement of the MI transitionand the olossal magnetoresistane (CMR). In partiular, LSMO(327) forx=0.4 exhibits the largest MI transition and CMR e�et near T '125 K [1℄.� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(831)



832 Y. Nakanishi et al.Furthermore, it has been found that these e�ets were signi�antly enhanedin the bilayer manganites by the substitution of the smaller Pr atom at theLa site. As a result the drasti hange of the resistivity by a fator of onemillion an be seen in magneti �elds [6�7℄. With inreasing the Pr on-entration z, the MnO6 otahedra elongate along the -axis both at roomtemperature and in the ground state, leading to a lowering T . This impliesthe inrease of the d(3z2 � r2) orbital polarization, and suppress the planarferromagneti interation. The ferromagneti phase seems to be vanishedaround z = 0:5. Thus, it is expeted that a �eld-indued magneti phaseappears, and it seems to ause the extraordinarily large CMR e�et. Inthis system, it is also pointed out that eletron-lattie oupling is strongand plays an important role. This will ause a large elasti anomaly aroundthe phase transition points. In this paper, we present the elasti proper-ties of Pr-doped bilayer manganite : (La1�zPrz)1:2Sr1:8Mn2O7 for z=0.6 inmagneti �elds.Single rystals of (La1�zPrz)1:2Sr1:8Mn2O7 for z=0.6 were grown fromsintened rods of the same nominal omposition by the �oating-zone teh-nique by using a minor furnae. The dimension of the sample were 5�4mm in the ab-plane and 1 mm along the -axis. In order to observe theultrasoni pulse ehoes with an exponential deay, we polished arefully thesurfaes of the sample to be parallel. The LiNbO3 transduers for the gen-eration and detetion of the sound waves with frequenies 5'10 MHz werebonded on the surfaes of the sample by an elasti polymer Thiokol. Thesound-wave veloity v was deteted by an ultrasoni apparatus based on thephase-omparison method. The magneti �eld up to 12 T was generated bya superonduting magnet.
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Fig. 1. Temperature dependene of the longitudinal elasti onstant C33 of(La1�zPrz)1:2Sr1:8Mn2O7 for z=0.6 in zero �eld. An arrow indiates the tem-perature where the resistivity shows the kink.



Field Dependene of Elasti Constants in the Bilayer Manganite. . . 833The seleted longitudinal elasti onstant C33 in the present study, whihpropagates along -axis, exhibited a muh more remarkable anomaly thanthat of other elasti onstants in our previous studies of LSMO(327) forx=0.35 and 0.4 [8℄. Figure 1 shows the temperature dependene of longitu-dinal elasti onstant C33 in zero �eld. They inrease monotonially withdereasing the temperature. No anomaly was observed around 120 K atwhih the resistivity exhibits a kink implying appearane of a kind of phasetransition [6�7℄. Figure 2 shows the magneti �eld dependene of C33 at theseleted temperatures. The remarkable elasti anomalies appeared in mag-neti �elds. At 4.2 K, C33 exhibits an abrupt derease around 6 T, wherea meta-magneti transition ours in the magnetization urve [6�7℄. Thisanomaly beomes larger and shifts to lower magneti �elds with inreasingtemperatures up to 50 K. However, it beomes smaller and shifts to highermagneti �elds with inreasing temperatures above 50 K by ontrast. It isnoteworthy that the �eld-indued transition aompanies a large hysteresisbelow 50 K.
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Fig. 2. Magneti �eld dependene of C33 in (La1�zPrz) 1:2Sr1:8Mn2O7 for z=0.6at seleted temperatures. A solid arrow indiates the phase transition point. Adotted arrow indiates proess of the measurement.Here, we disuss the present results. The fat, that no elasti anomalyhas been observed at 50 K in zero �eld, is onsistent with a result of themagneti suseptibility [9℄. No or quite small magneti anomaly has beenobserved around 50 K in the magneti suseptibility. However, the anomalybeame gradually larger by applying magneti �elds, and ame to aompanya large hysteresis. The behavior of the �eld-ooled magnetization below thetransition temperature is quite di�erent from that of zero-�eld-ooled one,possibly indiating the presene of a spin-glass-like state or the oexistene ofantiferromagneti and ferromagneti luster [6�7℄. Simultaneously, the resis-tivity showed the semiondutor like behavior with dereasing temperaturein zero �eld, however, the drasti derease appeared around the �eld-indued



834 Y. Nakanishi et al.transition temperature [6�7℄. These previous results indiate phenomenolog-ially that the �eld-indued magneti moment an derease the resistivity,signi�antly, as being seen also in LSMO(327) for x=0.35 and 0.4. In fat,the huge negative magnetoresistane was observed at the temperature below50 K with a large hysteresis [6�7℄. As pointed out in our previous paper ofLSMO(327), a oupling between elasti stress and magneti moment ausesthe elasti hardening [8℄. Thus, the observed hardening of C33 as a funtionof magneti �elds above the transition �eld at the temperature below 50 K isasribable to the oupling between elasti stress and �eld-indued magnetimoment. On the other hand, an inrease of the arrier number an bringabout elasti softening. It is beause that the e�etive harge of ions an bedereased more by the sreening e�et of additional ondution eletrons [8℄.Finally, we omment on the aompanying large hysteresis. A largehysteresis observed in elasti onstant C33 possibly indiates a orbital-glasslike state below 50 K. Sine the orbital ordering of 3d-levels in Mn ionsrestrits the magneti degree of freedom, the spin glass-like behavior anresult. Atually, the magneto-strition as a funtion of magneti �elds below50 K also shows a remarkable anomaly with a large hysteresis [6�7℄. Asonsidering this fat and our results, we an suggest the presene of orbitalglass-like state below 50 K.In summary, we performed the ultrasoni measurement on (La1�zPrz)1:2Sr1:8Mn2O7 for z=0.6. A remarkable anomaly was observed in C33 asa funtion of magneti �elds below 50 K. A large softening/hardening isonsidered to be due to the oupling between the elasti stress and arri-ers/magneti moment, respetively. The same study with di�erent elastionstants for z=0.6 and di�erent onentration for z=0.2 and 0.4 is urrentlyin progress.This study was �nanially supported in part by the Grant-in-Aid for Si-enti� Researh from the Ministry of Eduation, Sport, Siene and Cultureof Japan. REFERENCES[1℄ Y. Moritomo et al., Nature 380, 141 (1996).[2℄ T. Kimura et al., Phys. Rev. Lett. 79, 3197 (1997).[3℄ M. Kubota et al., J. Phys. So. Jpn. 69, 1606 (2000).[4℄ K. Hirota et al., J. Phys. So. Jpn. 67, 3380 (1998).[5℄ K. Hirota et al., J. Low Temp. Phys. 68, 1463 (1999).[6℄ M. Apostu et al., Phys. Rev. B281&282, 12407 (2001).[7℄ I. Gordon et al., Phys. Rev. B64, 92408 (2001).[8℄ A. Imaduddin et al., J. Phys. So. Jpn., to be published.[9℄ M. Matsukawa et al., unpublished.


