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ELECTRONIC STRUCTURE OF THEPYROCHLORE-TYPE Ru OXIDES THROUGH THEMETAL�INSULATOR TRANSITION�J. Okamotoa, S.-I. Fujimoria, T. Okanea, A. FujimoribM. Abbate, S. Yoshiid, and M. SatoeaSPring-8, JAERI, Sayo-gun, 679-5148 Hyogo, JapanbDepartment of Complexity Siene and Engineering, University of TokyoHongo, 113-0033 Tokyo, JapanDepartamento de F�isia, Universidade Federal de Paran�aCaixa Postal 19091, 81531-990 Curitiba PR, BrazildKYOKUGEN, Osaka University, Toyonaka, 560-8531 Osaka, JapaneDepartment of Physis, Nagoya University, Chikusa-ku, 464-8602 Nagoya, Japan(Reeived July 10, 2002)The eletroni strutures of the pyrohlore-type Ru oxidesSm2�xCaxRu2O7 and Sm2�xBixRu2O7, whih show metal�insulator tran-sition with inreasing Ca or Bi onentration, have been studied by ul-traviolet photoemission spetrosopy. Spetral hanges near the Fermilevel are di�erent but re�et the tendeny of their transport propertiesin both systems. The Sm2�xCaxRu2O7 system shows an energy shift,whih is expeted from the inrease of hole in the Ru 4d t2g band andthe Sm2�xBixRu2O7 system shows spetral weight transfer within the Ru4d t2g band, whih is expeted to be observed in bandwidth-ontrol Mott-Hubbard system.PACS numbers: 71.30.+h, 71.27.+a, 71.28.+d, 79.60.�i1. IntrodutionIt has been reported that pyrohlore-type Ru oxides A2Ru2O7 show awide range of eletrial properties for di�erent A-site ions [1℄. It is expetedthat the e�et of eletron orrelation plays important roles in their eletronistruture and physial properties. Sm2�xBixRu2O7(0� x� 2:0) exhibits aMott insulator-to-metal transition at x � 0.6 with inreasing Bi onentra-tion, i.e., through hanging the Ru t2g band width [2, 3℄. Sm2�xCaxRu2O7� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(783)



784 J. Okamoto et al.(0 � x � 0:6) also shows a metal�insulator transition at x � 0.45 withinreasing Ca onentration, i.e., through doping holes to the Ru t2gband [4℄. We have studied the eletroni strutures of Sm2�xBixRu2O7 andSm2�xCaxRu2O7 systematially through the metal�insulator transition byultra-violet photoemission spetrosopy (UPS). We disuss the mehanismof the metal�insulator transition by omparing those two systems.2. ExperimentalSintered samples of Sm2�xCaxRu2O7 and Sm2�xBixRu2O7 were synthe-sized by the solid reation [3, 4℄. UPS measurements were done under ultrahigh vauum (�10�10Torr) by using a He disharge lamp (He I:h�=21:2 eV).Energy resolution of the measurements are 40 meV and 5 meV for UPS mea-surements in Sm2�xCaxRu2O7 and Sm2�xBixRu2O7, respetively. Beforeeah measurement we made sample surfae lean by sraping with a dia-mond �le in ultra high vauum. The spetra were taken at liquid nitrogentemperature for Sm2Ru2O7, at 26 K for Sm2�xCaxRu2O7 (0.1 � x � 0.6),and at 14 K for Sm2�xBixRu2O7 (0.2 � x � 2.0).3. Results and disussionsFigure 1 shows the UPS spetra of Sm2�xCaxRu2O7 through the metal�insulator transition. The region from above the Fermi level to 2 � 3 eV belowit is mainly omposed of the Ru 4d t2g states and has muh in�uene on thephysial properties of Sm2�xCaxRu2O7. With inreasing Ca onentration,the spetral intensity near the Fermi level inreases and the Fermi edge isestablished at x � 0.4. This orresponds well to the transport properties ofSm2�xCaxRu2O7. Another in�uene of the Ca doping an be observed inthe spetral hange around 2.5 eV, whih orresponds to the edge of the O2p band. With inreasing Ca onentration, the O 2p band edge is shiftedloser to the Fermi level without hanges in the shape of Ru 4d t2g band.Therefore, the energy shift an be well explained by doping holes to the Ru4d t2g band.Figure 2 shows the UPS spetra of Sm2�xBixRu2O7 through the metal�insulator transition. The spetra have been normalized intensity integratedfrom the Fermi level to 2 eV below it equal. This normalization is basedon the assumption that the integrated density of the Ru 4d t2g states doesnot hange. With inreasing Bi onentration, the spetral intensity nearthe Fermi level inreases and the Fermi edge appears at x � 0.6, whihresembles the phenomena ourring in Sm2�xCaxRu2O7. As for the spetralhange of the entire Ru 4d t2g band is, however, very di�erent from that inSm2�xCaxRu2O7. The spetral weight near the Fermi level whih has lose
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Fig. 1. UPS spetra of Sm2�xCaxRu2O7 (0 � x � 0:6) aross the metal�insulatortransition. Inset shows spetral hanges near the Fermi level.
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Fig. 2. UPS spetra of Sm2�xBixRu2O7 (0:2 � x � 2:0) aross the metal�insulatortransition. Inset shows spetral hanges near the Fermi level.



786 J. Okamoto et al.relationship with metalli ondutivity is transferred from the higher bindingenergy region through the metal�insulator transition. This spetral weighttransfer is antiipated during the metal�insulator transition in a bandwidth-ontrol Mott-Hubbard system [5℄.4. ConlusionAs for the spetral hange near the Fermi level, in both systems spetralintensity near the Fermi level inreases monotonially through the metal�insulator transition, whih well orresponds to the doping dependene of thetransport properties. Spetral hanges in the entire Ru 4d t2g band, however,are di�erent from eah other. It is onluded that this di�erene has loserelationship with the di�erent routes of the metal�insulator transition inthose systems, hole-doping or band-width ontrol.The authors would like to thank K. Okazaki and S. Nawai for theirvaluable tehnial support in the measurements. This work was partiallysupported by a Grant-in-Aid for Sienti� Researh in Priority Area �NovelQuantum Phenomena in Transition Metal Oxides� from the Ministry of Ed-uation, Culture, Sports, Siene and Tehnology.REFERENCES[1℄ J. B. Goodenough, A. Hamnett, D. Tells, Loalization and Metal�InsulatorTransition, Plenum, New York 1985, p.161.[2℄ T. Yamamoto, R. Kanno, Y. Takeda, O. Yamamoto, Y. Kawamoto, M. Takano,J. of Solid State Chem. 109, 372 (1994).[3℄ S. Yoshii, K. Murata, M. Sato, J. of Phys. So. Jpn.69, 17 (2000).[4℄ S. Yoshii, K. Murata, M. Sato, submitted to J. of Phys. So. Jpn.[5℄ M. Imada, A. Fujimori, Y. Tokura, Rev. Mod. Phys. 70, 1039 (1998).


