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ELECTRONIC STRUCTURE AND MAGNETICPROPERTIES OF CeTIn (T=Ni, Au) COMPOUNDS��. Gondek, B. Pen, A. SzytuªaM. Smoluhowski Institute of Physis, Jagellonian UniversityReymonta 4, 30-059 Kraków, PolandA. JezierskiInstitute of Moleular Physis, Polish Aademy of SienesSmoluhowskiego 17, 60-179 Pozna«, Polandand A. ZygmuntW. Trzebiatowski Institute for Low Temperature and Struture ResearhPolish Aademy of SienesOkólna 2, 50-950 Wroªaw, Poland(Reeived July 10, 2002)Magneti properties and eletroni struture of CeTIn (T=Au, Ni) om-pounds with the hexagonal ZrNiAl-type struture have been investigated.CeAuIn is an antiferromagnet (TN = 6:2 K) while CeNiIn was found toexhibit mixed valene and no magneti ordering above 1.8 K. XPS mea-surements show that in CeNiIn the Ni 3d and Ce 4f states are both nearthe Fermi level. In CeAuIn only the Ce 4f state is near the Fermi levelwhile the Au 5d band is represented by two peaks in the region between 3and 7 eV below the Fermi level. The interpretation of Ce 3d XPS spetra interms of the Gunnarsson�Shönhammer theory indiate that the hybridiza-tion energy � between the Ce 4f and ondution band is equal to 144 meVfor CeAuIn and 205 meV for CeNiIn.PACS numbers: 75.50.Ee, 75.30.Cr, 75.30.Mb, 71.20.�bX-ray data on�rm that the CeTIn (T=Au, Ni) ompounds rystallizein the hexagonal ZrNiAl-type struture [1, 2℄. Magneti data indiates thatthe CeNiIn ompound is a valene �utuating system with Kondo-like be-havior [3℄. Magneti properties of CeAuIn have not been investigated yet.� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1209)



1210 �. Gondek et al.This work reports the results of magnetization and magneti suseptibility (avibrating sample magnetometer, �elds up to 50 Oe; SQUID magnetometer,�elds up to 100 Oe; temperature range 1.8�400 K) as well as X-ray photoele-tron spetrosopy (Leybold LHS10 XPS spetrometer, K� radiation soure,hv = 1253:6 eV, energy resolution about 0.75 eV for Ag 3d; room tempera-ture). In the ase of CeAuIn the temperature dependene of magnetizationin low magneti �eld shows the main maximum at 6.2 K and an inrease atlow temperatures. This maximum is also observed in the temperature depen-dene of magneti suseptibility (Fig. 1). For CeNiIn no maxima but only
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Fig. 1. Magneti suseptibility and magnetization of the CeNiIn and CeAuIn.an inrease in the magneti suseptibility at low temperatures is observed.At high temperatures the reiproal magneti suseptibility of CeAuIn ful-�lls the Curie�Weiss law with a negative values of the paramagneti Curietemperature (� = �20 K) and the e�etive magneti moment equal to thefree Ce3+ ion value (2.54 �B). For CeNiIn the reiproal magneti susep-tibility obeys the Curie-Weiss law above 150 K with (� = �270 K) andthe e�etive magneti moment equal to 2.9 �B. Magnetization urve forCeAuIn shows metamagneti harater with the ritial �eld HC equal to27 kOe while for CeNiIn, after sharp inrease in low �eld, a slow inreasewith inreasing magneti �eld is observed. The XPS valene band spetraare ompared with ab-initio eletroni struture alulated by the Tight-Binding Linear Mu�n-Tin Orbital method (TB LMTO) [4℄. Fig. 2 showsthe XPS valene bands of the investigated ompounds between the Fermilevel, loated at E = 0 eV, and the binding energy of about 11 eV. Theexperimental results are ompared with the alulated ones. The detailedanalysis gives the following informations: for CeAuIn (5d6s)3 and the Ce4f bands are loated below the Fermi level. Between 3 and 7 eV two peaksorresponding to the Au 5d5=2 and 5d3=2 states are observed. A maximumat 7.9 eV orresponds to the In 5p state,for CeNiIn below the Fermi level
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Fig. 2. Calulated and experimental valene band DOS for: (a) CeNiIn, (b)CeAuIn.broad peaks onneted with the Ni 3d, Ce 4f states and (5d6s)3 band areobserved. This indiates strong hybridization of Ce 4f and Ni 3d states. Inthe region between 5 and 9 eV a broad peaks onneted with In 5s and 5pstates are deteted.The ore level states data for In 4d5=2, 3=2, In 3p3=2, 1=2,Ni 3p3=2, 1=2 and Au 4f7=2, 5=2 are similar to the pure elements spetra.The XPS spetra of Ce 3d ore levels give more information about the 4fshell on�gurations and hybridization. Intensity of the Ce 3d lines in the Ceintermetalli ompounds show di�erent �nal state depending on the ou-pation of the f shell [5,6℄. Figure 3 presents the Ce 3d XPS spetra of bothinvestigated ompounds. Three �nal state ontributions f0, f1 and f2 areobserved and the spin�orbit splitting �SO=18.6 eV an be extrated. The
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Fig. 3. Comparison of Ce 3d band for CeNiIn and CeAuIn.



1212 �. Gondek et al.appearane of the f0 omponent is a lear evidene of mixed valene. Bas-ing on the Gunnarsson�Shönhammer theoretial model [5, 6℄, the intensityratio r1 = I(f0)=[I(f0)+ I(f1)+ I(f2)℄, whih should be diretly related tothe f -oupation probability in the �nal state, determines the f -oupationnumber nf = 1 � r1 equal to 0.95 for CeAuIn and 0.90 for CeNiIn. Thef2 state loated at low-binding-energy side of f1 state in the Ce 3d spetra(Fig. 3) is attributed to the hybridization between the f states and the on-dution band [5℄. The separation of the peaks, based on the Doniah��unji¢theory [7℄, gives the intensity ratio r = I(f2)=[I(f1)+I(f2)℄. It was possibleto determine the oupling parameter � using the measured intensity ratio ras a funtion of the previously published � values [6℄. The oupling param-eter � is de�ned as �V 2�max, where �max is the maximum of the densityof ondution states and V is the hybridization. The r values are equal to0.29 for CeAuIn and 0.38 for CeNiIn whih orresponds to the hybridizationenergies of 144 meV and 205 meV respetively. The above results indiatethat hybridization between the Ce 4f state and ondution band is largerfor CeNiIn than for CeAuIn. The Ce atoms in CeAuIn, are trivalent whilethe Ce atoms in CeNiIn (similarly to CeNiSn [8℄) are in a mixed valenestate with the valene very lose to 3 + (nf ), whih is also mainly ausedby the hybridization between the Ce 4f orbitals and the ondution band.REFERENCES[1℄ A.E. Dwight, Pro. of the 12th Rare Earth Researh Conferene, ed.C.E. Lundin, Denver Researh Inst., Denver 1976, p.480.[2℄ R. Ferro, R. Marazza, G. Rambaldi, Z. Metallkde 65, 37 (1974).[3℄ H. Fujii, T. Inoue, Y. Anoloh, T. Takabatake, K. Satoh, Y. Maeno, T. Fujita,J. Sakurai, Y. Yamaguhi, Phys. Rev. B39, 6840 (1989).[4℄ O.K. Anderson, O. Jepsen, M. Sob, Eletroni Struture and its Appliations,Springer-Verlag , Berlin 1994, p.453.[5℄ O. Gunnarsson, K. Shönhammer, Phys. Rev. B28, 4315 (1983).[6℄ J.C. Fuggle, F.U. Hillebreht, Z. �oªnierek, R. Lässer, Ch. Freiburg,O. Gunnarsson, K. Shönhammer, Phys. Rev. B27, 7330 (1983).[7℄ S. Doniah, M. �unji¢, J. Phys. C 3, 185 (1970).[8℄ S. Nohara, H. Namatame, A. Fujimori, T. Takabatake, Phys. Rev. B47, 1754(1993).


