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INFLUENCE OF Cr-ATOMS ON THE MAGNETICAND ELECTRICAL PROPERTIES INHo(Co1�xCrx)2 COMPOUNDS�Gra»yna Cheªkowska, Anna Bajorek and Artur ChrobakInstitute of Physis, University of SilesiaUniwersyteka 4, 40-007 Katowie, Poland(Reeived June 21, 2001)AC magneti suseptibility, eletrial resistivity and X-ray Photoele-tron Spetrosopy (XPS) measurements have been performed on theHo(Co1�xCrx)2 ompounds with x=0.0, 0.03, 0.05, 0.10, 0.15 and 0.20.A strengthening of the HoCo2 ferrimagnetism shows up through a rapidinrease at small Cr onentration x of the Curie temperature TC whihreahes a maximum around x=0.15. The lattie parameters also go througha maximum for the same onentration of Cr. A remarkable derease ofthe density of states near the Fermi level is observed for the sample withx=0.20. We orrelate the hanges of the Curie temperature with the de-rease of d-eletron onentration when Cr substitutes for Co.PACS numbers: 71.20.Eh, 72.15.�v, 75.40.Gb1. IntrodutionThe intermetalli ompounds RCo2 with the ubi Laves phase strutureshow interesting magneti properties and they are very suitable to study thenature of 3d and 4f magnetism [1�3℄. The magneti struture in the groundstate is ferrimagneti, it means that the magneti moments of Co atomsalign in antiparallel to those of R atoms [4℄. Co magnetism may be formedthrough a meta-magneti transition with an external magneti �eld [5�7℄ orby employing the large moleular �eld due to ferromagnetially ordered 4fmoments in the magneti rare-earth-Co2 ompounds [8℄. As a onsequene,the magneti phase transition of the �rst-order type was observed for theompounds with R=Dy, Ho, Er and Tm, but it was of the seond-order forR=Gd and Tb.� Presented at the XII Shool of Modern Physis on Phase Transitions and CritialPhenomena, L¡dek Zdrój, Poland, June 21�24, 2001.(3367)



3368 G. Cheªkowska, A. Bajorek, A. ChrobakCo-magnetism an also be indued in RCo2 with inreasing the den-sity of state at the Fermi level N(EF). The nature of inreasing N(EF)may be attributed to the volume e�ets or the e�ets of the derease of thed-eletron onentration [9℄. The substitution of Co by other atoms is a verye�etive way in produing these e�ets. In the ase of replaement of Co byAl and Mn atoms in R(Co1�xAlx)2 and R(Co1�xMnx)2 ompounds a giantinrease of TC was observed [10,11℄. The ommon feature in these systems isthat TC inreases at small amounts of substitutions and passes over a max-imum at the same dilutant onentration x for all R (x = 0:12 and 0.25 forAl and Mn systems, respetively). Upon the substitution also the �rst-ordertransition of HoCo2, DyCo2 and ErCo2 has been hanged to the seond-order. The R(Co1�xFex)2 systems usually show a maximum in TC and inthe 3d moment at high Fe ontent [12℄. A strong enhanement of the or-dering temperature was observed in the R(Co1�xSi)2 ompounds with Hoand Er in the onditions of invariable-rystal-unit-ell-parameter [13�15℄.The hanges of the magneti parameters and also the eletrial resistivitybehaviour observed in the most of investigated R(Co1�xMx)2 ompounds(M=nonmagneti or magneti element) were disussed in terms of hangesof the eletroni struture and their in�uene on the hierarhy of exhangeinterations and formation of the Co moment in this lass of materials.In this work we present the results of the magneti, eletrial and theeletroni struture investigations for Ho(Co1�xCrx)2 system with x = 0:0,0.03, 0.05, 0.10, 0.15, and 0.20. Chromium has two 3d eletrons less thanobaltium and posses a similar eletroni struture as manganium, so isa good andidate to investigate the role of the substitution atoms at theCo sites. 2. ExperimentsPolyrystalline samples of the Ho(Co1�xCrx)2 pseudobinary ompounds,with x = 0:0, 0.03, 0.05, 0.10, 0.15 and 0.20 were prepared by ar meltingonstituent metals under an argon atmosphere. In order to prevent thesamples from foreign impurities, the initial stoihiometry of omponentswas hosen as Ho(Co1�xCrx)1:8. The ingots were remelted several times andafter that annealed in quartz tubes at 720ÆC for 7 days.Phase identi�ation of the alloys was performed by X-ray di�ratometrySimens D5000. All samples exhibited a single ubi Laves phase of theMgCu2 type, no other phase has been identi�ed. The investigations of theompounds have been performed using the following methods:� AC-suseptibility measurements were arried out at frequeny of 1kHz



In�uene of Cr-Atoms on the Magneti and : : : 3369in the temperature range 77Æ� 300ÆK. For HoCo2 ompound the mea-surement was performed between 4.2Æ� 300ÆK.� DC-suseptibility measurements were done using the Faraday methodin an applied magneti �eld of 0.25T in the temperature range77Æ� 300Æ K.� The eletrial resistivity �(T ) was measured quasi-ontinuously ata slowly hanging temperature (4.2Æ� 300ÆK) by a standard four-probetehnique. The dimensions of the sample were lose to 1�1�5 mm3.� The eletroni struture of the samples was studied with the use ofX-ray Photoeletron Spetrosopy (XPS). The XPS spetra were ob-tained with monohromatised AlK� radiation (! = 1486:6 eV) at roomtemperature using a PHI 5700/660 Physial Eletronis Spetrometer.The energy spetra were analysed with a hemispherial mirror analyserwith the energy resolution of 0.3 eV. All emission spetra were mea-sured immediately after breaking a sample in vauum of 6�10�10 Torr.The breaking in high vauum produed lean surfaes, free of oxygenand arbon ontamination.3. Results and disussionIn Fig. 1(a) we an see the AC suseptibility data of the Ho(Co1�xCrx)2ompounds as a plot of redued �/�max versus temperature T , where �maxis the highest maximum value of �. For the sample with x = 0:0, for whihompound the para-ferrimagneti transition is of the �rst order, �AC(T )urve is haraterised by a double peak (Fig. 1(b)). With inreasing Cr on-entration from x = 0:0 to x = 0:03 the inrease of Curie temperature TCof about 20 K is observed. In the range of x between 0.03 and 0.10, TC isalmost onstant and after that passes over a maximum at the onentrationx = 0:15 and dereases at x = 0:20. The Curie temperatures obtained fromAC measurements are presented in Fig. 2. The di�erene between the Curietemperature of HoCo2 and Ho(Co0:85Cr0:15)2 ompounds was found as 60K,however this inrease is only about half of that observed in Ho(Co1�xMnx)2ompounds [11℄. The onentration dependene of the lattie parametera(x) for Ho(Co1�xCrx)2 system is also shown in Fig. 2. It is seen that withthe substitution of Co by Cr, a inreases at �rst, then reahes a maximumat x = 0:15 and dereases for x = 0:20.
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Fig. 1. (a) AC suseptibility �=�max versus temperature for Ho(Co1�xCrx)2 om-pounds. (b) AC suseptibility versus temperature for HoCo2 ompound.
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Fig. 2. Lattie onstant a and Curie temperature TC versus onentration x forHo(Co1�xCrx)2.In Fig. 3 we present data on the temperature dependene of the eletrialresistivity �(T ) of the Ho(Co1�xCrx)2 ompounds. For all samples, theeletrial resistivity tends to saturate above TC. In the HoCo2 the �rst ordertransition shows up in the almost disontinuous hange in the resistivity
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Fig. 3. Eletrial resistivity � versus temperature for Ho(Co1�xCrx)2 ompounds.
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Fig. 4. Residual resistivity �r versus onentration x for Ho(Co1�xCrx)2 om-pounds.at TC. In the samples with x > 0:0 the resistivity shows no disontinuityat all. With substitution of Co by Cr the value of the residual resistivity�r inreases sharply at x = 0:03, further inrease of Cr onentration makesno signi�ant e�et on �r (Fig. 4). The inrease of the �r value points toa ertain degree of substitutional disorder in the Co/Cr sublattie.The temperature dependene of the magnetization of the Ho(Co1�xCrx)2ompounds shows the highest value of the magnetization at the onentra-tion x = 0:15. It an be onluded that the inrease of TC is onneted,besides the lattie expansion e�ets, with the inrease of the magnetiza-tion of the d-subsystem, leading in turn to the inrease of the f�d ex-hange interation. Suh a behaviour of magnetization was observed in theHo(Co1�xMn1�x)2 [11℄ and Ho(Co1�xSix)2 [15℄ systems.The XPS spetra for valene band region of the Ho(Co1�xCrx)2 om-pounds (x = 0.0, 0.10, 0.15 and 0.20) are presented in Fig. 5(a). We do notobserve any hange in the position of the 4f peak of Ho with the replaingCo by Cr. The bands of width of an order of 2 eV near the Fermi level(EF = 0) show dominating Co 3d states hybridised with Cr 3d and Ho 5dstates (Fig. 5(b)). The in�uene of Co substitution by Cr atoms on theshape of the bands is small for the onentration x = 0:10 and 0.15, but ispronouned when x = 0:20.Summarising, we have demonstrated in this investigation that magnetiand eletri properties of Ho(Co1�xCrx)2 ompounds are very sensitive tothe Co/Cr substitution. The �rst-order transition in HoCo2 hanges to
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Fig. 5. (a) XPS-valene band region of Ho(Co1�xCrx)2 ompounds. (b) XPS-valene band region near the Fermi level for Ho(Co1�xCrx)2.seond-order when the small amount of Co replae with Cr atoms. Comparedto the R(Co1�xMnx)2 and R(Co1�xAlx)2 systems, the e�ets of 3d-eletrononentration in the investigated ompounds are similar, namely the giantinrease of the Curie temperature is observed. Moreover, the Curie tempera-
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