
Vol. 34 (2003) ACTA PHYSICA POLONICA B No 2
COLLAPSE OF KONDO LATTICE INCe1�xLaxPd3 (x = 0; 0:03)S. KimuraGraduate Shool of Siene and Tehnology, Kobe UniversityKobe 657-8501, JapanPRESTO, Japan Siene and Tehnology Corporation, JapanH. IwataGraduate Shool of Siene and Tehnology, Kobe UniversityKobe 657-8501, JapanK. Kanai, S. ShinInstitute for Solid State Physis, University of Tokyo, Kashiwa 227-8581, JapanRIKEN, Sayo-gun, Hyogo 679-5148, JapanG. Shmerber, J.P. Kappler, and J.C. ParlebasIPCMS-GEMM (UMR 7504 CNRS), University Louis Pasteur67037 Strasbourg, Frane(Reeived July 10, 2002)The hange of the eletroni struture as well as the hybridization be-tween the loalized 4f state and the ondution band (f hybridization)of Ce1�xLaxPd3 (x = 0, 0.03) due to the La-substitution has been studiedby the optial ondutivity spetra in the infrared region. The width ofthe optial transition of Pd 4d ! Ce 4f states that was mainly observedin the energy region shrinks by the La-substitution. This means that thef hybridization is strongly suppressed by the absene of the periodiity ofthe Ce-ion.PACS numbers: 71.27.+a, 78.20.Ls, 75.30.Kz
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976 S. Kimura et al.1. IntrodutionCePd3 that is known a typial Kondo lattie ompound has been studiedover a few deades. The main origin of the anomalous physial propertiesof Kondo lattie ompounds is the hybridization between ondution bandsand loalized 4f states (f hybridization). A heavy quasipartile due tothe f hybridization in CePd3 appears on the Fermi level below 100 K. Inoptial measurements, the Drude term with heavy e�etive mass and a longrelaxation time due to the heavy quasipartiles appear in the far-infraredregion [1℄. The heavy-Fermion-like transport disappears in the ase of theLa-substitution of Ce or the Cu-substitution of Pd [2, 3℄. In these ases,the eletri resistivity that goes up with dereasing temperature looks likean impurity Kondo e�et. Sine the same La-substitution e�et appears inCe1�xLaxCu6, the behavior is thought to ours due to the absene of theperiodiity of the Kondo lattie [4℄.In this study, we investigate the hange of the Ce 4f state due to theollapse of the Kondo lattie by the La-substitution using the optial ondu-tivity (�(!)) spetra of CePd3 and Ce0:97La0:03Pd3 in the infrared region.The main part of the Ce 4f state loates in the unoupied states. Theunoupied states are expeted to be observed by the inverse photoemissionexperiment [5℄. However, the energy resolution is not su�ient to observethe tiny hange of the 4f state. Then we measured the unoupied Ce 4fstates by the �(!) spetra through the optial transition of Pd 4d! Ce 4f .The evidene of the f hybridization is observed in the optial transitionof the Pd 4d ! Ce 4f in the mid-infrared region. In this paper, the tem-perature and the La-substitution dependenes of the Ce 4f state as well asthe f hybridization state are mainly reported.2. ExperimentalThe polyrystalline samples made by an ar melting method were pol-ished up to mirror surfaes using diamond-rapping �lms. The optial mea-surement was done in the photon energy range of 5 meV�1.5 eV at sev-eral temperatures of 7 � 300 K by using a onventional infrared Fourierspetrometer. The spetra in the energy region of 1.2�30 eV at room tem-perature were measured at the beam line 7B of the synhrotron radiationfaility, UVSOR, Institute for Moleular Siene [6℄ and it was onnetedto their spetra below 1.5 eV for obtaining the optial ondutivity (�(!))spetra via the Kramers�Kronig analysis. The Kramers�Kronig analysis isperformed in the onventional method [7℄.
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Fig. 1. Temperature dependene of the optial ondutivity (�(!)) spetra ofCe1�xLaxPd3 (x = 0, 0.03). In the lower �gure for CePd3, �(!) spetrum ofCe0:97La0:03Pd3 at 7 K is also plotted as a referene.3. Results and disussionObtained �(!) spetra of CePd3 and Ce0:97La0:03Pd3 are shown in Fig. 1.The harateristi of the spetra is three peaks at 0.26, 0.52 and 0.78 eVommonly observed in both materials. Three peaks that beome narrowwith dereasing temperature have the same temperature dependene in bothmaterials. Beause the peak intensity at 0.26 and 0.78 eV is strong, the peaksoriginate from allowed transitions, in the other hand, the peak at 0.52 eVseems to be due to a forbidden optial transition. Therefore the peaks areonsidered to originate from the transition of Pd 4d! Ce 4f . Usually, theCe 4f state splits in two peaks of J = 5=2 and 7=2 with the splitting energyof 0.26 eV due to the spin-orbit interation. The energy di�erene of thepeaks at 0.26 and 0.78 eV is twie of the spin-orbit separation and the peakat 0.52 eV loates at the enter of these peaks. Therefore, in the ase thatit is assumed that the Pd 4d density of states has a double peak struture(Pd 4d5=2 state at -0.52 eV and Pd 4d3=2 state at -0.26 eV from the Ce 4f5=2state), the transitions from these peaks to the spin-orbit separated Ce 4f



978 S. Kimura et al.states makes three peaks with the energy separation of 0.26 eV. The allowedtransitions of Pd 4d3=2 ! Ce 4f5=2 and Pd 4d5=2 ! Ce 4f7=2 make two peaksat 0.78 and 0.26 eV, respetively. The transitions of Pd 4d3=2 ! Ce 4f7=2and Pd 4d5=2 ! Ce 4f3=2 that should appear at the same energy of 0.52 eVare forbidden but a small peak may appear by the hybridization e�et.Sine the Pd 4d state does not hange with the La-substitution, the peakwidth mainly re�ets the Ce 4f band width as well as the f hybridizationintensity. The detail temperature dependene of the peak parameters willbe given elsewhere [8℄. Here, only the peak width at 0.25 eV is disussed.The peak width in Ce0:97La0:03Pd3 at 7 K is about 80 % in omparisonwith that in CePd3 in spite that the width at 300 K is similar to eahother. This means that the f hybridization intensity is redued by theLa-substitution. As a reason, we may onsider that the periodiity of theCe-ion as well as the f hybridization is broken, i.e., the Kondo lattie isollapsed by the La-substitution. The spetral hange indiates the hangeof the eletroni struture due to the ollapse of the Kondo lattie.Aording to the analysis of mid-infrared peaks of Kondo insulators byOkamura et al., similar peaks are observed in CeNiSn (Kondo Temperature,TK � 40 K), CeRhSb (TK � 60 K) but there is no signi�ant peak inCeRhAs (TK � 1300 K) [9, 10℄. The absene of the peak in CeRhAs isonsidered to originate from the so strong f hybridization beause of itsso high TK. Therefore the peak width is saled by the Kondo temperatureas well as the f hybridization intensity. The interpretation is onsistentwith ours. Therefore, in CePd3, the narrowing of the peak width by the La-substitution indiates the dereasing of the f hybridization intensity as wellas the hange of the eletroni struture due to the ollapse of the Kondolattie. REFERENCES[1℄ B.C. Webb, A.J. Sievers, T. Mihalisin, Phys. Rev. Lett. 57, 1951 (1986).[2℄ J.M. Lawrene et al., Phys. Rev. B53, 12559 (1996).[3℄ T. Kasuya et al., J. Less-Common Met. 127, 337 (1987).[4℄ A. Sumiyama et al., J. Phys. So. Jpn. 55, 1294 (1986).[5℄ K. Kanai et al., Phys. Rev. B60, 5244 (1999).[6℄ K. Fukui et al., Nul. Instrum. Methods A467-468, 601 (2001).[7℄ F. Wooten, Optial Properties of Solids, Aademi Press, New York 1972.[8℄ S. Kimura et al., unpublished.[9℄ H. Okamura et al., Physia B 312-313, 218 (2002).[10℄ M. Matsunami et al., J. Phys. So. Jpn. 71, Suppl., 291 (2002).


