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ELECTRONIC STRUCTURE OFYbMn2X2 (X=Si,Ge) COMPOUNDS �A. Szytuªa, B. PenM. Smoluhowski Institute of Physis, Jagellonian UniversityReymonta 4, 30-059 Kraków, PolandA. JezierskiInstitute of Moleular Physis, Polish Aademy of SienesSmoluhowskiego 17, 60-179 Pozna«, PolandM. HofmannTehnishe Universität Münhen, ZWE FRM II85747 Garhing, Germanyand S.J. CampbellShool of Physis, University CollegeThe University of New South Wales, Australian Defene Fore AademyCanberra, ACT 2600, Australia(Reeived July 10, 2002)Eletroni struture of the YbMn2X2 (X=Si, Ge) ompounds with theThCr2Si2-type struture have been investigated. The valene band andthe ore levels states are analyzed. The XPS valene band spetra areompared with the results of ab initio eletroni struture alulations usingthe Tight-Binding Linear Mu�n-Tin Orbital method (TB LMTO). Theobtained results indiate that in YbMn2Ge2 the Yb ion is 2+ while inYbMn2Si2 is 3+. For both ompounds the Mn3d states are lose to theFermi level. The alulated Mn moments are 1.93 �B for YbMn2Si2 and2.30 �B for YbMn2Ge2.PACS numbers: 71.20.�b, 71.20.Eh, 79.60.�iRare-earth intermetalli ompounds ontaining ytterbium exhibit a widerange of interesting and unusual physial and magneti properties. This o-urs mainly as a result of their mixed valene state (II/III) or hanges fromone valene state to another. The YbT2X2 (T is a nd transition metal, Xis Si or Ge) ompounds of the tetragonal ThCr2Si2-type struture (spaegroup I4/mmm) are of partiular interest with a range of e�ets reported� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1561)



1562 A. Szytuªa et al.earlier [1℄. YbMn2Si2 is an antiferromagnet with ordered Mn sublattie(TN=520 K) and an additional transition at �30 K related to ordering inthe Yb sublattie [2℄. In YbMn2Ge2 at high temperatures the Mn mag-neti moments order with a planar antiferromagneti struture (TN=510 K)while below Tt=185 K the hange of the magneti struture to the antedone is observed. There is no evidene for ordering in the Yb lattie down to1.5 K [3℄. Nowik et al. [4℄ have reently investigated magneti phase tran-sitions in the YbMn2Si2�xGex series by magnetisation and 57Fe Mössbauere�et studies on 57Fe doped samples.This work reports the results of X-ray photoemission spetrosopy (XPS)measurements for YbMn2X2 (X=Si,Ge) ompounds and pure Yb and Mn.The XPS valene band spetra are ompared with ab-initio eletroni stru-ture alulations using the Tight-Binding Linear Mu�n-Tin Orbital method(TB LMTO) [5℄. On the basis of these results the eletroni struture of theompounds have been determined.The XPS spetra were obtained at room temperature using the LeyboldLHS10 photoeletron spetrometer with the MgK� radiation (h� =1253.6 eV)and energy resolution about 0.9 eV for Ag3d. The vauum during the mea-surements was about 10�9 Torr. Surfaes of the ompounds were mehani-ally leaned by sraping with diamond �le in a preparation hamber underhigh vauum. These proedure of leaning was performed diretly beforeeah XPS measurement. The Shirley method [6℄ used to subtrat the bak-ground from the experimental data and then the data were re�ned assuming80% Gaussian and 20% Lorentzian ontribution for eah peak.The eletroni struture was alulated by ab-initio self-onsistent TightBinding Linear Mu�n Tin Orbital method (TB LMTO) [5℄ within the frame-work of the loal spin density approximation (LSD). The salar-relativistiapproximation for band eletrons and the fully-relativisti treatment of thefrozen ore eletrons were used. The exhange orrelation potential was as-sumed aording to von Barth and Hedin [7℄ with gradient orretions [8℄.The self-onsistent alulations were performed in the atomi sphere approx-imation (ASA) for the experimental values of the lattie parameters. Thevalues of the atomi sphere radii were hosen in suh a way that the sum ofall the atomi sphere volumes was equal to the volume of the unit ell. In theband alulations, the initial atomi on�gurations were taken aording tothe Periodi Table of Elements. The energy was alulated for 817 k-pointsin the irreduible wedge of the Brillouin zone. The theoretial photoemissionspetra were obtained from the alulated density of states (DOS) onvolvedby the Lorentzian with the half-width equal to 0.4 eV and saled using theproper photoeletri ross-setions for partial states [9℄. The XPS valenebands (VBs) between the Fermi energy (EF=0 eV) and the binding energyof both ompounds are shown in Fig. 1.
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%LQGLQJ�HQHUJ\ [eV]Fig. 1. XPS spetra of valene band (a) and Yb 4d ore level (b) of YbMn2X2ompounds and the appropriate spetra for metalli Yb and Mn.The obtained experimental data are ompared with the alulated ones.The alulated partial and total density of states (DOS) for both ompoundsis presented in Fig. 2.
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Fig. 2. Total density of states and the ontribution from Yb, Mn and Si or Ge tothe total density of states of paramagneti YbMn2Si2 (a) and YbMn2Ge2 (b) (theFermi level is loated at E = 0 eV). The dash dot line presents the density of statesonvolved by Lorentzians of the half width of 0.4 eV, multiplied by the appropriateross setions.



1564 A. Szytuªa et al.For YbMn2Si2 the alulated data (Fig. 2a) indiate that Yb 4f state islose to the Fermi level (0.2 eV). Close to the Fermi level are also two broadpeaks: the �rst one intersets the Fermi level and the seond one, between0.5 and 3.0 eV, is onneted with Mn 3d state. The Si 3p and Si 3s statesare represented by two broad peaks in the energy region between 0.5 and5.5 eV and between 6.5 and 10.5 eV, respetively. For YbMn2Ge2 the alu-lated data (Fig. 2(b)) give similar results for the Yb 4f and Mn 3d states.The Ge 4p state forms a broad peak between 0.5 and 5.5 eV while Ge 4sstate between 7.5 and 11 eV. The experimental data give slightly di�erentvalene band struture for these ompounds. In the ase of YbMn2Si2 nearthe Fermi level only the broad peak orresponding to the Mn 3d states isdeteted between EF and 4.5 eV. The spetrum of YbMn2Si2 between 5 and12.5 eV is dominated by 4f13�4f12 peaks orresponding to the Yb3+. ForYbMn2Ge2 two peaks, similar to these orresponding to Yb2+ in metalliYb, are observed lose to the EF. Fig. 1(b) illustrates the Yb 4d XPS spe-tra of the investigated YbMn2X2 (X=Si,Ge) ompounds and metalli Yb.For metalli Yb and YbMn2Ge2 two peaks orresponding to the Yb 4d5=2and 4d3=2 spin�orbit doublet are observed. In the ase of YbMn2Ge2, the GeL3M23M45 Auger peak also appears in this region, as indiated in the �gure.The XPS spetrum of YbMn2Si2 shown in Fig. 1 has very omplex struturedue to the 4d94f13 multiplets. The alulated values of the Mn magnetimoments are equal to 1.93 �B for YbMn2Si2 and 2.34 �B for YbMn2Ge2.These values are in good agreement with the ones determined in the neutrondi�ration experiments (2.0(1) �B [2℄ and 2.55(5) �B [3℄, respetively).REFERENCES[1℄ A. Szytuªa, J. Leiejewiz, Handbook of Crystal Strutures and Magneti Prop-erties of Rare Earth Intermetallis, CRC Press, Boa Raton 1994, p. 155.[2℄ M. Hofmann, S.J. Campbell, A.V.J. Edge, A.J. Studer, J. Phys.: Condens.Matter 13, 9773 (2001).[3℄ M. Hofmann, S.J. Campbell, A. Szytuªa, J. Alloy. Compd. 311, 137 (2000).[4℄ I. Nowik, I. Felner, E.R. Baununger, J. Magn. Magn. Mater. 185, 91 (1998).[5℄ O.K. Anderson, O. Jepsen, M. �ob, Eletroni Struture and Its Appliations,Ed. M. Yussou�, Springer-Verlag, Berlin 1987, p. 2.[6℄ D.A. Shirley, Phys. Rev. B5, 4709 (1972).[7℄ U. von Barth, L. Hedin, J. Phys. C5, 391 (1972).[8℄ D. Hu, D.C. Langreth, Phys. Sr. 32, 391 (1985).[9℄ J.J. Yeh, I. Lindau, At. Data Nul. Data Tables 32, 1 (1985).


