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PRESSURE DEPENDENT MAGNETIZATION STUDIESOF PYROCHLORE (Gd1�xDyx)2Mo2O7(x = 0; 0:1; 0:2 AND 0:4)�H.C. Kima, Younghun Job, J.-G. Parkb, H.-C. Riaand S.-W. CheongaMaterial Siene Lab., Korea Basi Siene Institute, Daejeon 305-333, KoreabDepartment of Physis, SungKyunKwan University, Suwon 440-746, KoreaDepartment of Physis and Astronomy, Rutgers UniversityPisataway NJ 08854, USA(Reeived July 10, 2002)We have measured temperature dependent magnetization of pyrohloremolybdates (Gd1�xDyx)2Mo2O7 (x=0, 0.1, 0.2, 0.4) under pressures up to9.5 kbar. With inreasing pressures, the magnetization of all four samplesdereases substantially and the ferromagneti transition seen in Gd2Mo2O7is suppressed and not found above 9 kbar; whih is very similar to the e�etsof Dy substitutions. Interestingly enough, we observed a lear di�erenein magnetization measured after zero �eld ooling (ZFC) and �eld ooling(FC). From these results we have on�rmed that the lattie onstant ofR2Mo2O7 is ruial in determining the magneti state and demonstratedthat the ferromagneti ordering oexists with metastable behavior of a spinglass type.PACS numbers: 75.30.Kz, 75.50.Dd, 64.60.My1. IntrodutionPyrohlore ompounds R2M2O7 (R=rare earth, M=transition metal)have both R and M ions sitting at the verties of orner-sharing tetrahe-dra so antiferromagneti interation between nearest neighbors gives rise toso-alled geometrial frustration e�ets in the 3D lattie. Interestingly, thetransport and magneti properties of pyrohlore molybdates R2Mo2O7 arefound to be very sensitive to the ioni size of the rare earth element. For ex-ample, ferromagneti(FM) metalli behavior is observed in ompounds with� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1429)



1430 H.C. Kim et al.larger rare earth elements suh as Nd, Sm and Gd while spin-glass(SG) be-havior with high resistivity values is observed for smaller rare earth elementssuh as Tb, Dy and Y [1℄.Reent studies near the magneti phase boundary of R2Mo2O7 showedthat the magneti transition is aompanied by a metal-insulator transitionand the FM state oexists with the SG state near the phase boundary [2℄.Through strutural analysis of the ompounds, O-Mo-O bond angle is foundto inrease with inreasing the ioni radius of rare earth elements too [3℄.This then pointed to possible importane of the systemati studies of mag-netization with ontrolling lattie parameters by external pressures. In thiswork, we have measured a suseptibility at ambient pressure and d mag-netization of pyrohlore ompounds (Gd1�xDyx)2Mo2O7 under pressures upto 9.5 kbar. We disuss our data measured as varying pressures with respetto the e�et of Dy substitutions.2. Experimental detailsSamples studied in this work are single phase polyrystals of(Gd1�xDyx)2Mo2O7 (x=0, 0.1, 0.2 and 0.4). Details of sample preparationand haraterizations were previously reported in Ref [2℄. DC magnetiza-tion measurements were made by using a ommerial SQUID magnetometer(MPMS-7, Quantum Design). Samples were ooled to 5 K in zero mag-neti �eld and the magnetization was measured at 100 Oe while warmingthe sample up to 120 K for zero-�eld-ooling (ZFC) measurements and thensubsequently ooling down to 5 K in the presene of the magneti �eld for�eld-ooling (FC) measurements. To generate hydrostati pressures up to9.5 kbar, we used a Be�Cu pressure ell and the 1:1 mixture of FC70 andFC77 as a pressure transmitting medium [4℄. We also measured a susepti-bility at ambient pressure with an a driving �eld of 10 Oe in the frequenyrange from 100 Hz to 10 KHz using a ommerial a suseptometer (PPMS-9,Quantum Design). 3. Results and disussionThe d magnetization of (Gd1�xDyx)2Mo2O7 at ambient pressure showsa systemati derease of ferromagneti signals with Dy substitutions(Fig. 1(a)). As Dy with a smaller ioni size replaes Gd with a larger ionisize, magnetization dereases gradually and the FM transition seen at 65 Kin the x = 0 sample beomes redued and eventually the FM transition isfound to disappear at the x=0.4 sample. For example, if we take the magne-tization value at an irreversibility point where the ZFC and FC data meet,it dereases from 4609 emu/mol for x = 0 to 364 emu/mol for x = 0:4. Wealso note that in all samples there is a lear di�erene in the magnetizationtaken after ZFC and FC.
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Fig. 1. ZFC (open symbols) and FC (losed symbols) d magnetization of (a)(Gd1�xDyx)2Mo2O7 (x = 0; 0:1; 0:2 and 0.4) measured at 100 Oe and ambientpressure, and (b) Gd2Mo2O7 measured at 100 Oe and under di�erent pressures upto 9 kbar.By applying hydrostati pressures, we an see very similar behavior withthose produed by Dy substitutions (see Fig. 1(b)). Magnetization dereasesdrastially with inreasing pressures, and the FM transition seen at ambi-ent pressure gets suppressed and eventually almost disappears at 9 kbar.The Curie temperature also dereases onsiderably with pressures. The ir-reversibility point (Tirr) at di�erent pressures dereases from 59 to 35 K withinreasing pressures from 1 bar to 9 kbar while the magnetization at Tirr de-reases from 4609 to 632 emu/mol. It is also interesting to note that thepressure e�et on the magnetization is more pronouned at relatively lowerpressures up to 6 kbar.Irreversible behavior in d magnetization is generally believed to orig-inate from some kind of a metastable nature like spin glass. From the asuseptibility results, we have found that �0a and �00a exhibit frequeny de-pendene for all our samples. This frequeny dependene beomes learer inthe x = 0:4 sample, where the temperature shift of a usp in �0a (�Tusp) isabout 6 K with varying frequeny from 100 Hz to 10 KHz (see Fig. 2). Thisindiates that the low temperature state of (Gd0:6Dy0:4)2Mo2O7 has a spinglass harater.Similarity between Dy substitutions and pressures in the magnetizationof Gd2Mo2O7 learly suggests that lattie onstant of R2Mo2O7 plays animportant role in determining the magneti state of pyrohlore molybdates.With dereasing lattie onstant by substitutions or pressures, the FM statebeomes unstable and the magneti state transforms into a metastable stateof SG type, whih is also onsistent with the previous studies of the samesamples [2℄. It should also be noted that FM orrelation seems to oexisteven with the SG phase. The Curie�Weiss temperature, �CW, dedued from
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Temperature (K)Fig. 2. (a) ZFC (open symbols) and FC (losed symbols) d magnetiza-tion of (Gd0:6Dy0:4)2Mo2O7 measured at 100 Oe and under di�erent pressuresup to 9.5 kbar. (b) Real part of the ambient pressure a suseptibility of(Gd0:6Dy0:4)2Mo2O7 measured with a driving �eld of 10 Oe and frequenies from100 Hz to 10 KHz. Arrow indiates the diretion of inreasing frequeny.the magnetization measurement up to 350 K is 71, 59, 55 and 31 K for x=0,0.1, 0.2 and 0.4, respetively. Sine the FM transition is due to Mo momentsordering as shown by the neutron sattering experiment of Nd2Mo2O7 [5℄,we propose that the possible origin of the SG behavior lies in the antiferro-magneti oupling between the rare earth moments and Mo moments andresultant magneti frustration on the pyrohlore lattie. Saturated momentobtained from the magnetization measurement of Gd2Mo2O7 at 2.3 K (notshown here) also shows that with dereasing lattie onstant by pressuresAFM oupling between Gd3+ and Mo4+ ions develops gradually and onse-quently the magneti properties beome more metastable as expeted.The works at KBSI were supported by the NRL projet of MOST.REFERENCES[1℄ N. Ali et al., J. Solid State Chem. 83, 178 (1989); J.E. Greedan et al., J. SolidState Chem. 68, 300 (1987).[2℄ T. Katsufuji et al., Phys. Rev. Lett. 84, 1998 (2000).[3℄ Y. Moritomo et al., Phys. Rev. B63, 144425 (2001).[4℄ Seongsu Lee et al., J. Kor. Phys. So. 39, 671 (2001).[5℄ Y. Yasui et al., J. Phys. So. Japan 70, 284 (2001).


