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HIGH-RESOLUTIONPHOTOEMISSION STUDY OF Cd2Re2O7�A. Irizawa, A. Higashiya, S. Kasai, T. Sasabayashi A. ShigemotoA. Sekiyama, S. Imada, S. SugaDivision of Materials Physis, Graduate Shool of Engineering SieneOsaka University, Osaka 560-8531, JapanH. Sakai, H. Ohno, M. Kato and K. YoshimuraDepartment of Chemistry, Graduate Shool of SieneKyoto University, Kyoto 606-8502, Japan(Reeived July 10, 2002)High-resolution bulk-sensitive photoemission has been measured forpyrohlore oxide Cd2Re2O7. Temperature variations of the spetral shapesbetween 20 and 250 K are obviously observed for the Re 4f inner ore andthe valene band spetra. The Re 5d states are dominant for the DOS nearthe Fermi level.PACS numbers: 71.30.+h, 74.25.�q, 74.25.Jb, 74.70.�b1. IntrodutionReently, Cd2Re2O7 has been found to be a superondutor with T�1K[1, 2℄. This is the �rst superondutor found among the large family of py-rohlore oxides with the formula of A2B2O7 (A = rare earth or late transi-tion metals, B = transition metals). In this struture, A and B ations are4- and 6-oordinated by oxygen anions. The A-O4 tetrahedra are onnetedas forming a pyrohlore lattie with straight A-O-A bonds, while the B-O6otahedra form a pyrohlore lattie with the bent B-O-B bonds with theangle of 110�140Æ. Assuming the eletroni on�gurations in Cd2Re2O7 asformally Cd2+ 4d10 and Re5+ 4f145d2, the eletroni and magneti proper-ties are primarily dominated by the Re 5d eletrons. Cd2Re2O7 shows ananomaly at 200K in the eletri resistivity, magneti suseptibility, spei�heat and Hall oe�ient [1�3℄. An X-ray di�ration measurement revealsthe existene of a seond-order strutural phase transition at this tempera-ture with hanging its symmetry from an ideal ubi Fd3m to a lower sym-metri ubi F43m with lowering temperature [4℄. The resistivity is almost� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(553)



554 A. Irizawa et al.temperature independent near the room temperature and drops abruptlybelow 200K. The magneti suseptibility dereases also below 200K whileit shows weak temperature dependene at higher temperature with a broadmaximum near 290K. Although the origin of this transition is not lear, itindues a large hange in eletroni properties. Furthermore, another tran-sition is shown not only in eletri resistivity with a hysteresis at around120K, but also in spei� heat and thermoeletri power in the form ofkink, whereas magneti suseptibility shows no hange [5℄. The magnetore-sistane goes one to zero with inreasing temperature toward 120K fromlow temperatures, but it is revived between 120 and 200K. This transitionnear 120K is also pointed out to be due to a possible eletroni struturalhange at the Fermi level.In order to diretly study the eletroni states, a high-resolution bulk-sensitive photoemission measurement is arried out for Cd2Re2O7.2. ExperimentalThe synhrotron radiation experiments were performed at beam lineBL25SU in SPring-8 with using a Sienta SES-200 analyzer. The exita-tion photon energies were seleted as 600�1100 eV for the bulk-sensitivemeasurements. The overall energy resolution was set to about 80 meV forthe valene band region and 200 meV for the ore level photoemission. Themeasurements were done at the sample temperatures of 20 and 250 K belowand above the transition temperature of 200 K. Clean sample surfaes wereobtained by leaving the single-rystal samples in situ under an ultra-highvauum of better than 5�10�10 Torr.3. Results and disussionsFig. 1 shows the valene band spetrum at 20K measured at the photonenergy of 600 eV. A �nite DOS with a sharp peak exists at the Fermi level.The deep valley struture in 1 � 3 eV is learly seen in agreement with theband alulation [6℄. Considering the ross-setions at the photon energy of600 eV, the Re 5d states are dominant in the peak struture. Aording toa band alulation, the gap struture between 1 and 3 eV is derived fromthe hybridizing between the Re 5d and O 2p orbits. The valene band isseparated by this gap as the bonding-state near 4 eV and the anti-bondingstate near the Fermi level. Meanwhile the peaks at 11 and 22 eV orrespondto the Cd 4d and O 2s states.Fig. 2 shows the di�erene of photoemission spetra near the Fermilevel below and above 200K. The spetral intensities of both 20 and 250Kspetra are tentatively normalized by the intensity of the loalized O 2sinner ore state. The normalization in the region above the binding energyof EB = 1 eV provides the equivalent result. As shown in the inset, the DOSat the Fermi level is larger at 20K than at 250K. It is onsistent with the
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Fig. 1. Valene band spetrum of Cd2Re2O7 pyrohlore at 20K measured at thephoton energy of 600 eV.
Fig. 2. Temperature variation of the high-resolution photoemission spetra nearEF. These spetra are normalized by the intensity of the O 2s ore state.behavior of the eletri resistivity [1, 2℄. Furthermore, the spetral shape ofthe peak is obviously di�erent between 20 and 250K. The spetrum at 20Khas a broad and rather �at top. This hange may be asribed to the removalof the degeneray of the Re 5d orbital onstituting the peak below 200K asthe result of the lowering of the inversion symmetry of the B-O6 otahedra.As a typial inner ore state, we show the temperature dependene of theRe 4f spetra in Fig. 3(a). The peaks at 42 and 45 eV orrespond to j = 7=2and 5/2 states split by the spin-orbital interation. A shoulder struture isalso seen on the higher binding energy side of the j = 5=2 omponent. Thisshoulder is understood as a bulk omponent beause its intensity shows verypoor h� dependene. With dereasing the temperature, the spetral weighttransfers from the shoulder to the peak. It is reognized that the intensityof the j = 7=2 omponent inreases also at 20K whereas the intensity inthe valley region dereases. Aording to a deonvolution, another shoulderassoiated with the j = 7=2 is hidden in the valley region. The origin ofthese shoulder strutures is not fully known yet, but this temperature hangein the spetral weight may orrespond to the spetral hange near the Fermilevel dominated by the Re 5d Partial Density of State (PDOS). One possiblesenario is to interpret these shoulders as Charge-Transfer (C-T) satellites.The redution of C-T satellite at 20K means a redution of hybridizationbetween the Re 5d and ondution band states. Then the Re 5d omponentin the state near the Fermi level will inrease and provide higher intensityat 20K. X-ray BIS study will help to hek this senario in near future.
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Fig. 3. Photoemission spetra of Re 4f (a), Cd 3d (b) and O 1s () inner ores at20 and 250K at the photon energy of 935 eV.On the ontrary, both Cd 3d and O 1s spetra in Fig. 3(b) and 3()show very small hange between 20 and 250K. Beside sharp main peakssmall shoulders are reognized at higher binding energies. From the photonenergy dependene, we asribe these shoulders to surfae omponents. Inthe O 1s spetrum, the shoulder at lower binding energy is not attributed toa surfae omponent but may be derived from the existene of two di�erentrystallographi sites in the oxygen.4. ConlusionThe temperature dependene of the bulk-sensitive photoemission spe-tra are investigated in Cd2Re2O7 by using soft X-ray synhrotron radiation.The valene band spetrum agrees qualitatively well with the reent bandalulation. The temperature dependene of the Re 4f inner ore spetraexhibits the dominane of the Re 5d states at the Fermi level. The hara-teristi hange in the peak struture near the Fermi level suggests the hangeof band struture dominated by the Re 5d states aross 200K.We are grateful to Dr. T. Muro and Dr. Y. Saitoh for their experimentalassistane. The researh was performed at SPring-8 under the support ofa Grant-in-Aid for the COE Researh (10CE2004) of the Ministry of Edu-ation, Culture, Sports, Siene and Tehnology (MEXT), Japan.REFERENCES[1℄ M. Hanawa, Y. Muraoka, T. Tayama, T. Sakakibara, J. Yamaura, Z. Hiroi,Phys. Rev. Lett. 87, 1870011 (2001).[2℄ H. Sakai, K. Yoshimura, H. Ohno, M. Kato, S. Kambe, R.E. Walstedt,T.D. Matsuda, Y. Haga, Y. Onuki, J. Phys. Condens. Matter 13, L785 (2001).[3℄ R. Jin, J. He, J.R. Thompson, M.F. Chisholm, B.C. Sales, D. Mandrus,J. Phys. Condens. Matter 14, L117 (2002).[4℄ M. Hanawa, J. Yamaura, Y. Muraoka, F. Sakai, Z. Hiroi, J. Phys. Chem.Solids 63, 1027 (2002).[5℄ Z. Hiroi, J. Yamaura, Y. Muraoka, M. Hanawa, ond-mat/0203178.[6℄ H. Harima, J. Phys. Chem. Solids 63, 1035 (2002).


