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THE Ce�Ni�Ge SYSTEM: RELATIONSHIP BETWEENCHEMICAL COMPOSITION AND MAGNETICORDERING�L. Durivaulta;b, F. Bouréeb, B. Chevaliera, O. IsnardG. André b, F. Weilla and J. EtourneauaaInstitut de Chimie de la Matière Condensée de Bordeaux, CNRS [UPR 9048℄Université Bordeaux I, 87 Avenue du A. Shweitzer, 33608 Pessa, FranebLaboratoire Léon Brillouin (CEA-CNRS), CEA/Salay91191 Gif-sur-Yvette, FraneLaboratoire de Cristallographie, CNRS, BP 166X, 38042 Grenoble, Frane(Reeived July 10, 2002)The investigation on Ce�Ni�Ge phase diagram indiates a relation-ship between the physial behavior of these ternary germanides and theirhemial omposition. Those with more than 50% Ge-atomi perentageorder antiferromagnetially, with Néel temperatures TN dereasing withGe-ontent. The Ce-magneti moment at 1.4K, determined by neutronpowder di�ration, also dereases with Ge-ontent. As for the ternary ger-manides rih in Ni (�33 %), they an be lassi�ed as intermediate valeneompounds (CeNiGe, Ce3Ni4Ge4 and CeNi4:25Ge0:75) or heavy-fermionssystems (CeNi2Ge2 and CeNi9Ge4).PACS numbers: 75.50.Ee, 78.70.Dm1. IntrodutionA lot of investigations were reported on a series of intermetalli om-pounds CexTyXz (with T, a transition metal and X, a p element), whihrystallize often in the same type struture, where the ourrene of unusualbehaviors (heavy fermion behavior, valene �utuation, non-Fermi liquidbehavior, superondutivity, Kondo systems, . . . ) is aused by hange ofelements in the omposition (series with di�erent transition metals and/orwith di�erent elements p). Reently Salamakha et al., have identi�ed 20ternary germanides in the Ce�Ni�Ge system [1℄. This paper summarizesour investigation devoted to the physial properties of these ternary ger-manides in order to determine the in�uene of hemial omposition on the� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1393)



1394 L. Durivault et al.Ce-magneti ground states. In partiular, we present some Ce�LIII edgeX-ray absorption spetrosopy measurements.2. Experimental proeduresThe samples synthesis and their heking by miroprobe analysis andX ray powder di�ration were desribed previously [2℄. Exepted Ce2NiGe6sample whih ontains some traes of Ce3Ni2Ge7, all the others are singlephase. The strutural haraterization agrees with that reported by Sala-makha et al., [1℄ but two new germanides were found: CeNi9Ge4 (tetrag-onal CeNi8:5Si4:5-type with a = 0:7971(2) nm and  = 1:1773(4) nm) andCeNi4:25Ge0:75 (hexagonal CaCu5-type with a = 0:49155(4) nm and  =0:40732(4) nm). 3. Results and disussionFor the Ce�Ni�Ge system, two hemial omposition domains were de-termined aording to the riterions that given ompound exhibit magnetiordering or not (Fig. 1).
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Fig. 1. Relationship between hemial omposition and physial properties in theCe�Ni�Ge system.The magnetization measurements reveal, that the ompounds ontain-ing 50% or more of Ge order antiferromagnetially, with Néel-temperatureTN dereasing pratially with Ge-ontent: Ce2NiGe6 (TN = 10:4(2)K) [3℄,Ce3Ni2Ge7 (TN = 7:2(2)K) [2℄, CeNiGe3 (TN = 5:5(2)K) [4℄, Ce2Ni3Ge5(TN1 = 4:8(2) [5℄ K or 5.1(2)K [6℄) andCeNiGe2 (TN1 = 3:9K) [7℄. Ce2NiGe3is an exeption in this omposition range sine it is onsidered as a Kondo



The Ce�Ni�Ge System: Relationship Between Chemial . . . 1395lattie ompound showing spin glass behavior [8℄. By neutron powder di�ra-tion, we have determined some of their magneti strutures. Ce3Ni2Ge7and Ce2Ni3Ge5 present a simple ollinear antiferromagneti struture [2, 5℄while CeNiGe3 shows a omplex magneti behavior where ommensurateand inommensurate magneti strutures oexist at 1.4K [4℄. The Ce-magneti moment at 1.4K dereases with Ge-ontent MCe = 1:98(7) �Bfor Ce3Ni2Ge7, MCe = 0:8(2) �B for CeNiGe3 and MCe = 0:4(1) �B forCe2Ni3Ge5. The magneti properties of these ompounds are onneted tothe valene instability displayed by Ce. It is well known that the magnetiproperties of these ompounds are governed by the ompetition between theKondo and RKKY interations. In this ase, the Ce magneti moment is re-dued by the strength of the Kondo e�et whih inreases from Ce3Ni2Ge7 toCe2Ni3Ge5. This is on�rmed by spei� heat measurements on Ce2Ni3Ge5whih suggest that the Kondo energy sale kB TK is of the order of kB TN [6℄.On one side, Ce3NiGe2 is announed to be antiferromagneti below 6.2Kand then ferromagneti below 5.2K [9℄. Our results of the temperaturedependene of magnetization (M) haraterize two Curie points at 6.2(2)Kand 5.7(2)K (derivative urve dM=dT , Fig. 2).
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H=0.02 TFig. 2. Thermal dependene of the magnetization of Ce3NiGe2 (left) and the or-responding derivative urve (right).On the other side, the ompounds riher in Ni (�33 % Ni) present nomagneti ordering. The heat apaity data for CeNi9Ge4 show heavy fermionbehavior with  = 1:2 Jmol�1K�2 [10℄.Figs. 3(a) and 3(b) show LIII X ray absorption spetra of Ce in di�erentternary germanides. For CeNi4:25Ge0:75 and CeNi2Ge2, two resolved peaksat 5725 eV and 5733 eV are observed whih is onsistent with an intermediatevalene state. Moreover, the peak at 5733 eV is less pronouned in CeNi2Ge2than in CeNi4:25Ge0:75 and this demonstrates a more deloalized state of the4f eletroni shell in CeNi4:25Ge0:75 than in CeNi2Ge2. The analysis of



1396 L. Durivault et al.the average valene gives v = 3:30(1) for CeNi4:25Ge0:75 and 3.07(1) forCeNi2Ge2. The spetra of Fig. 3(b) have a two-peak struture, with theseondary peak beoming more and more important as we proeed along thesequene CeNi2Ge2 ! Ce3Ni4Ge4 ! CeNiGe (v = 3:07(1) for CeNi2Ge2,v = 3:08(1) for Ce3Ni4Ge4 and v = 3:18(1) for CeNiGe). On the ontrary,the spetra of Ce2Ni3Ge5 and CeNi9Ge4 show only one peak at 5725 eV,orresponding to a trivalent state for Ce atoms.
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 Fig. 3. Ce LIII absorption edge at 300K for (a) CeNi4:25Ge0:75, CeNi2Ge2CeNi9Ge4 and Ce2Ni3Ge5; (b) CeNi2Ge2, Ce3Ni4Ge4 and CeNiGe (for larity thespetra are shifted vertially).
4. ConlusionWe have proposed a Ce�Ni�Ge phase diagram indiating the physialbehavior of ternary germanides as a funtion of their hemial omposition.Our investigations lead to several tendenies; the ompounds on the Ni-rih side (� 33% Ni) exhibit an intermediate valene state (CeNi4:25Ge0:75,CeNiGe and Ce3Ni4Ge4) or are heavy fermion systems (CeNi9Ge4); on theGe-rih side (�50 % Ge) (Ce2NiGe6, Ce3Ni2Ge7, CeNiGe3, Ce2Ni3Ge5 andCeNiGe2) have a trivalent Ce with a Ce ordered magneti moment whihdereases with the Ge ontent. The germanides at the borderline betweenthese two domains show an intermediate valene behavior whih is moreand more pronouned as we follow the sequene CeNi2Ge2 ! Ce3Ni4Ge4 !CeNiGe. These observations show a large Ce-ground states in the Ce�Ni�Gesystem.
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