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OPTICAL RESPONSE OF Cu1�xZnxIr2S4 DUE TOMETAL�INSULATOR TRANSITION�L. Chen, M. Matsunami, T. NanbaGraduate Shool of Siene and Tehnology, Kobe UniversityNada-ku, Kobe 657-8501, JapanG. Cao, H. Suzuki, M. Isobe and T. MatsumotoNational Institute for Materials Siene1-2-1 Sengen, Tsukuba, 305-0047, Japan(Reeived July 10, 2002)The mother material CuIr2S4 of the thiospinel system Cu1�xZnxIr2S4undergoes a temperature-indued metal�insulator (MI) transition. Wereport the temperature dependene of the optial re�etion spetra ofCu1�xZnxIr2S4 (x�0.5) at the temperatures of 8�300K in the energy re-gions of 0.005�30 eV in order to study the hange in the eletroni struturedue to the Zn substitution for Cu. Zn substitution indued mainly thesplitting of the hybridization band between the Ir-5d(t2g) and S-3p statesrossing the EF. Obtained optial ondutivity (�) spetrum is disussedin relation to the hange in the eletroni struture lose to the EF.PACS numbers: 71.30.+h, 78.40.K1. IntrodutionSpinel ompounds, CuIr2S4 was found to undergo a metal�insulator (MI)transition from a high temperature metalli phase (ubi symmetry) to a lowtemperature insulating phase (tetragonal symmetry) at around 226K [1℄.Reent X-ray di�ration experiment revealed the existene of some super-struture spots in the low temperature phase that annot be assigned bytetragonal symmetry [2, 3℄. The detail of the rystal struture is now onprogress. X-ray photoemission spetrosopy revealed also that the valenestate of Cu ion is almost monovalent [4℄. This means that the ioni on-�guration is Cu+Ir3+Ir4+S42�. Ir3+ is non-magneti (t62g; S = 1) and Ir4+� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(617)



618 L. Chen et al.has a loal moment of S = 1=2 in the low spin-state (t52g). Dimerization ofneighboring two magneti ions Ir4+ at the low symmetry phase whih leadsto non-magneti property by forming a spin singlet pair is pointed out asone prevalent mehanism of the MI transition. The Zn substitution for Cuorresponds to a hole-�lling in the valene band due to an exess eletron ofZn whih results in prominent properties of the omplete suppression of theMI transition for x � 0:4 and also of the appearane of superondutivityfor x � 0:25 [5℄. Up to now, however, study on eletroni struture lose tothe Fermi level (EF) has not been done. In this work, we performed an in-frared spetrosopi study in order to know a preise hange in the eletronistruture due to Zn substitution.2. ExperimentalSingle phase polyrystalline sample of Cu1�xZnxIr2S4 was prepared byhemial reation method [5℄. Subsequently, the powder was reground andpressed under pressure of 2000 kg/m2 at 1123K for 48 h. The surfae ofobtained sample was metal-polished and mounted to the old head of therefrigerator in a high-vauum hamber of 3 � 10�6 Pa. For measurementsof re�etivity (R!) between 0.007 eV and 2 eV, a rapid-san Fourier in-terferometer Bruker IFS66v was used with a suitable beam splitter in eahavailable region ombined with a Si-bolometer, merury�admium�tellurideand Si photo-diode detetor, respetively. The referene signal was measuredin-situ on Au whih was oated on the sample surfae immediately after themeasurement with sample. Above 2 eV, measurement was performed at thebeamline BL7B of UVSOR Faility, Institute for Moleular Siene (IMS)at Okazaki. The whole (R!) was obtained by an extrapolation of the lowerenergy part to a Hagen�Rubens' equation, (R!) = 1� aE�2 and the higherenergy part to (R!) = bE�4. Finally, optial ondutivity � was obtainedby a Kramers�Kronig analysis of (R!).3. Results and disussionTemperature dependenes of �-spetra of Cu1�xZnxIr2S4 (x � 0:5) areshown in Fig. 1 in a logarithmi sale. The lower energy part of eah�-spetrum undergo a large temperature dependene in ontrast with thatthe higher energy part does not almost hange. In order to analyze theseresults more quantitatively, we �tted eah �-spetrum with a lassial Drudeosillator model (Drude omponents, D) that denotes an intra-band transi-tion of free and a Lorentz osillator model (Lorentz ones, L) that denotes aninter-band transitions [6℄. In x = 0:1 sample, the Drude part lost its intensitywith the derease in temperature, and instead of it the lowest band-to-band
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Fig. 1. Optial ondutivity spetra of Cu1�xZnxIr2S4 (a) for x=0.1, (b) for x = 0:3and () for x = 0:5 at di�erent temperatures.peaks grew at around 0.5 eV. In x = 0:5, the spetra have little temperaturedependene and the intensity of the Drude part remained even at 8K whihorresponds to the disappearane of the MI transition.Typial examples of the �tting in the low energy part are shown inFig. 2. In the �-spetrum in the metalli state above TMI, the Drude partwas found in ommon to be omposed of two omponents whih orrespondto the two branhes around � point at BZ aross the EF in the energy bandalulation [7℄. With Zn substitution for Cu, the lowest Lorentz peak (namedas L) for x = 0 sample below TMI was found to split into two omponents at0.24 (L1) and 0.52 eV (L2) for x = 0:1 and x = 0:3 samples (see urves (b)and ()). The intensities of these L1 and L2 peaks hardly hanged with theZn onentration. This means that Zn does not partiipate in the eletronistate lose to the EF whih is mainly omposed of Ir-5d and S-3p, and thatthe role of Zn is to hange the degree of the hybridization of the both statesthrough following two e�ets. One is the derease in the numbers of Ir4+ ionwhih ontributes to the formation of a singlet pair at the low temperaturephase and the other is the indued distortion by the Zn substitution beauseof the di�erene of the ioni radius of Cu and Zn.
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