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DRAMATIC CHANGE OF THE MAGNETICCHARACTERISTICS IN YbMn2Ge2UNDER HIGH PRESSURES�T. Fujiwara, H. FujiiFaulty of Arts and Sienes, Hiroshima UniversityHigashi-Hiroshima, 739-8521, JapanY. UwatokoInstitute for Solid State Physis, University of Tokyo, Kashiwa 277-8581, JapanK. Koyama, M. MotokawaInstitute for Material Researh, Tohoku University, Sendai 980-8577, Japanand T. ShigeokaFaulty of Siene, Yamaguhi University, Yamaguhi 753-8512, Japan(Reeived July 10, 2002)Pressure e�et on magneti properties of YbMn2Ge2 was investigatedby magnetization measurements under hydrostati pressures up to 2.0 GPain temperature range from 2 to 400 K using single rystalline sample. Theresults indiated that the antiferromagnetism in YbMn2Ge2 unusually andstrongly depends on pressure. The anomalous pressure dependene maymainly be originated in the fat that Yb ion is in a mixed valene statebetween Yb2+ and Yb3+.PACS numbers: 75.50.Ee, 74.62.Fj, 74.25.Ha, 75.30.Kz1. IntrodutionDuring the last deade, muh attention has been paid to the magnetiharateristis of intermetalli ompounds RMn2Ge2 [1℄. This system rys-tallizes in ThCr2Si2 type body entered tetragonal struture in whih the Mn� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1541)



1542 T. Fujiwara et al.atoms onstrut a simple tetragonal framework with strong two-dimension-ality. Among the RMn2Ge2 family, the physial properties of YbMn2Ge2have not been lari�ed in details exept a few works by X-ray analysis [2℄,Mössbauer spetrosopy [3℄ and powder neutron di�ration [4℄ beause ofa di�ulty of produing single phase sample. Fortunately, we reently su-eeded to grow the single rystal YbMn2Ge2. From magnetization measure-ment of the single rystal under magneti �eld up to 13 T, we lari�ed thatthis system indiated an antiferromagneti ordering (AFM I) below TN1 �400 K and transformed into another antiferromagneti state (AFM II) atTN2 = 163 K with dereasing temperature. Furthermore, a novel magnetibehavior appeared below TN2 : After a metamagneti transition �eld BCfrom AFM II to a �eld indued state (Fi) showed a minimum around T =130 K, the value of BC signi�antly inreased just below TN2 with inreasingtemperature [5℄. This suggests that at least two kinds of magneti intera-tions with on�iting haraters suh as ferromagneti and antiferromagnetiones ompete with eah other in the antiferromagneti ground state of thissystem. Suh a ompetition of magneti interations has not been observedin other RMn2Ge2 systems in stable R3+ ioni state [1℄. Therefore, it seemsthat this ompetition is attributed to the fat that Yb ion is in a mixedvalene state between Yb2+ and Yb3+ [2℄. Thus, we expet that YbMn2Ge2will show further novel magneti behaviors under high pressure.2. Experimental proeduresIn this work, we generated hydrostati pressure by a lamping-type high-pressure miro-ell and Daphne7373 was used as a pressure transmitting�uid. The magnetization was measured along the -axis of tetragonal undervarious pressures up to 2.0 GPa using a SQUID magnetometer. The singlerystals used in this work are the same as those used in the previous work [5℄.3. Results and disussionFigs. 1 (a) and (b) show the magnetizations along the -axis at B = 0.5 Tand 0.1 T as a funtion of temperature below and above 300 K under variouspressures in YbMn2Ge2, respetively. The over all feature of M(T ) urvebelow 300 K under ambient pressure well reprodues that in our previouswork [5℄. A lear usp feature appears at TN2 = 163 K in ambient pressureas seen in Fig.1 (a). With inreasing pressure, TN2 linearly inreases up to271 K at 1.0 GPa, and shows a maximum at � 1.25 GPa. After then, itmarkedly dereases down to 112 K at 2.0 GPa. It is to be noted that thesuseptibilities in AFM II state are gradually enhaned above 1.25 GPa. Onthe other hand, in the M(T ) urve above 300 K under ambient pressure,



Dramati Change of the Magneti Charateristis in YbMn2Ge2 . . . 1543whih is not shown in Fig.1 (b), a small anomaly is observed at TN1 justabove 400 K. In an inset of Fig.1 (b), we an see a small but sharp dropof magnetization just below 400 K at 1.0 GPa as well, indiating that TN1dereases by applying pressure of 1.0 GPa. In addition, a hump of magne-tization is observed in M(T ) urve above 350 K at 1.0 GPa. This humpfeature is enhaned at 1.25 and 1.31 GPa. Furthermore, when pressure isinreased up to 1.38 GPa, a lear usp feature suddenly appears at TN1= 386 K. With further inreasing pressure, TN1 inreases rapidly and TN1reahes to � 420 K at 2.0 GPa.
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Fig. 1. (a) and (b) Magnetizations along the -axis at B = 0.5 and 0.1 T as afuntion of temperature below and above 300 K, respetively, in YbMn2Ge2.The resultant P�T phase diagram for magneti �eld parallel to the-axis in YbMn2Ge2 is given in Fig. 2. One of the notable feature is thatTN1 and TN2 show a minimum and a maximum, respetively, at the samepressure region of � 1.25 GPa. This suggests that AFM I state ompeteswith AFM II state and a magneti struture hange ours at P � 1.25 GPa.We are not sure the details on why this system shows suh an anomalousbehavior under high pressures. However, it seems reasonable to onludethat pressure indued magneti strutural hange is aused at ritial pres-sure of � 1.25 GPa. Beause there exists signi�ant di�erene between themagnetization behaviors of the system below and above � 1.25 GPa, as isevident from Figs. 1 (a) and (b). The information about Yb valene andmagneti struture under high pressure is required to larify the origin of
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P (GPa)Fig. 2. P�T phase diagram of YbMn2Ge2. Where, the solid and open irlesrepresent TN1 and TN2, respetively, and the value of TN1 under P = 2.0 GPa wasestimated from the values of TN1 below 1.5 GPa. Broken line represents a ritialpressure at whih an ourrene of magneti strutural hange is expeted.the ompetition.One of the authors, T. Fujiwara, would like to thank the JSPS researhfellowships for Young Sientists.REFERENCES[1℄ A. Szytula, et al., Handbook on the Physis and Chemistry of Rare Earths,Vol.12, Elsevier, Amsterdam 1989, p.133.[2℄ D. Rossi, et al., J. Less-Common Met. 59, 79 (1978).[3℄ I. Nowik, et al., J. Magn. Magn. Mater. 185, 91 (1998).[4℄ M. Hofmann, et al., J. Alloys and Comp. 311, 137 (2000).[5℄ T. Fujiwara, et al., Physia B 312-313, 864 (2002).


