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IS THE LOW TEMPERATURE THERMOELECTRICPOWER BEHAVIOUR AN EVIDENCEFOR THE MULTI-CHANNEL KONDO EFFECTIN UAs1�xSe1+x?�Z. Henkie, A. Wojakowski, R. Wawryk, Z. Kletowskiand T. CihorekW. Trzebiatowski Institute of Low Temperature and Struture ResearhPolish Aademy of SienesP.O. Box 1410, 50-950 Wroªaw, Poland(Reeived June 21, 2001)We have investigated the anisotropy and o�-stoihiometry e�ets on thethermoeletri power S(T ) of uranium dipnitides � UP1:7As0:3 and UAs2and arsenoselenide � UAs1�xSe1+x. These two groups of ompounds havetetragonal PbFCl-type struture and order at low temperatures anti- orferromagnetially, respetively. The S(T ) urves are strongly anisotropifor all the examined systems. The a-axis thermopower of the ferromagnetiUAs1�xSe1+x system shows a spetaular dependene of the shape of S(T )urve on x. This behaviour is disussed in the frame of the multi-hannelKondo model.PACS numbers: 75.50.C, 72.15.Jf, 72.15.QmUAsSe is an anisotropi, uniaxial ferromagnet (TC � 110K) [1℄ witha narrow 5f -eletron band at the Fermi energy [2℄. Its resistivity, �(T ),shows an unusual Kondo-like behaviour saled by the Kondo temperatureTK = 50K [1℄. This behaviour was asribed to a Two-Level System (TLS)Kondo mehanism [3�5℄. The original TLS Kondo model an not explainsuh a high TK value (see [6,7℄). However, as realised reently, eletron-holesymmetry breaking, present in all realisti band-struture-based density ofstates, an aount for an inrease in TK substantially. This beomes verypromising to resolve the long standing problem of the high TK values [7, 8℄observed in ertain systems. Sine the thermoeletri power also depends� Presented at the XII Shool of Modern Physis on Phase Transitions and CritialPhenomena, L¡dek Zdrój, Poland, June 21�24, 2001.(3501)



3502 Z. Henkie et al.on the eletron�hole asymmetry at the Fermi level, it should be an exellenttool for the TLS Kondo system examination. This motivates us to performstudy on an e�et of o�-stoihiometry (x 6= 0) on the thermoeletri powerof the UAs1�xSe1+x system as well as the study of S(T ) for the uraniumdipnitides UP1:7As0:3 and UAs2 as referenes. The resistivity of the latterompounds show no sign of the Kondo-like behaviour [5, 9℄.All the examined systems rystallise in the tetragonal, PbFCl-type stru-ture with the magneti moments arranged parallel to the -axis. Note thatin the ase of the dipnitides, whih at low temperature order antiferromag-netially, the magneti unit ell is doubled along the -axis (see Ref. [10℄).This should be taken into aount when omparing their properties to thoseof arsenoselenides.We have determined the S(T ) and �(T ) dependenes of the relevant sin-gle rystals whih were grown by a hemial vapour transport method [5℄.Composition of the UAs1�xSe1+x ferromagnet was estimated from the x(TC)dependene given in Ref. [4℄. Fig. 1 presents the S(T ) behaviour forUP1:7As0:3. Its spei� feature is a broad peak in S(T ) growing belowabout 150K and a small negative peak in aS(T ) reahing a minimum at20K. There is also a slope hange in aS(T ) at TN = 221K. The behaviourof S(T ) for UP1:7As0:3 di�ers slightly from that for UAs2. The single peakof S(T ) seen for the former ompound orresponds to two peaks in UAs2,while aS(T ) tends roughly linearly to zero with lowering temperature, with-
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Fig. 1. Thermoeletri power anisotropy of UP1:7As0:3.



Is the Low Temperature Thermoeletri : : : 3503out sign hange. There is also observed a distint peak in daS=dT for UAs2at TN = 273K. However, suh a behaviour is rather typial for a ferro-magnet [11℄. We just observe it though UAs2 is antiferromagnet beause itsmagneti unit ell dimension along the a-axis remains the same as the hem-ial one. S(300K) reahes the values 40.7 and 46.4�V/K along the a-axisand 4.5 and 3.6�V/K along the -axis for UP1:7As0:3 and UAs2, respetively.There is rather weak e�et of di�erent pniogen anion substitution on thethermoeletri power behaviour in uranium dipnitides.The inset in Fig. 2 displays the S(T ) anisotropy for UAs0:979Se1:021. Fur-thermore, the inset shows that there is an anomalous temperature behaviourin the thermoeletri power as ompared to that observed for ferromagnetimetal. Below TC = 108K this ompound exhibits a broad peak in aS(T )and two peaks for S(T ). However, a similar low-temperature S(T ) be-haviour for UP1:7As0:3 and UAs2 shows that S(T ) peaks in ompounds ofthe PbFCl family an be of non-Kondo origin as well. Therefore, we fousour attention on aS(T ) for the UAs1�xSe1+x system. After all it is worthstressing that the S(T ) urve was found to be strongly anisotropi for allthe examined systems.
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Fig. 2. The alulated S(T ) dependene for uranium arsenoselenide (solid line)being a weighted sum of the Kondo and the ferromagneti ontribution (dashedline) as desribed in the text. Inset: The anisotropy of S(T ) for a UAs0:979Se1:021single rystal. Note the similarity between aS(T ) and the alulated S(T ).



3504 Z. Henkie et al.Fig. 2 displays the S(T ) alulated as the weighted sum of a ferromag-neti metal SF(T ) and a Kondo SK(T ) ontributionsS = SF��F� �+ SK��K� � :Here � = �K + �F, where �K(T ) is the Kondo resistivity and �F(T ) theresistivity of a ferromagneti metal. The a-axis resistivity omponents werethose determined for UAsSe in Ref. [1℄. The SF(T ) was approximated by thetemperature dependene shown by broken line in Fig. 2. In turn the SK(T )was approximated with the dependene given in Ref. [12℄ for the TK=DEratio of 0.0053 (TK = 50 K and DE is the ondution band width). SK(T ) ofRef. [12℄ was multiplied by 1/3 to get the alulated S(T ) being lose to thatof UAs0:979Se1:021 at 14K. At this temperature the SF(�F=�) ontribution isnegligible. As shown by the inset in Fig. 2, the alulated S(T ) dependeneis similar to that measured for the a-axis. Therefore, we may think thatthe anomalous S(T ) behaviour observed for UAs1�xSe1+x system is due tothe Kondo omponents. Fig. 3 shows that the positive peak-like omponentobserved for x = 0:021 weakens when x either dereases or inreases. In thelatter ase, the Kondo omponent transforms even to the negative peak seenfor x = 0:038. Suh behaviour ontrasts with the behaviour of the Kondoresistivity, whih dereases with dereasing x rather monotonously.
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Fig. 3. The a-axis thermoeletri power for various UAs1�xSe1+x rystals with x(TC) equal to 0.038 (104K), 0.021 (108K) and -0.006 (114K)



Is the Low Temperature Thermoeletri : : : 3505Following the predition [3, 13℄ of great similarities of the TLS Kondosystem behaviour to that of magneti Kondo one, we use the theory onn-hannel Kondo e�ets on the thermoeletri power for Ce3+ impurities [14℄as a guide for our researh. This theory predits that the peak-like thermo-eletri power should be positive at low T for n = 1, strongly negative forn = 2 and weakly negative for n = 3. It is expeted that TLS entres inthe UAs1�xSe1+x system are produed by anion disorder [4℄ onsisting ofsmall part of As lattie positions oupied by Se and vie versa [5℄. Thedisorder leads to an anomalous large atomi displaement fator D, whihdereases monotonously with dereasing x in the same manner as the Kondoresistivity does [4℄. We think that the derease of D may re�et either thederease of the TLS entres' density or a hange of the two levels splittingenergy and hene the hange in the n number. While all the TLS entresgive positive ontribution to the Kondo resistivity, both the sign and sizeof ontributions to the thermoeletri power depend on the n number. Weonlude that the observed dependene of the amplitude of the Kondo re-sistivity on x being di�erent from that of the thermoeletri power, may berelated to the multi-hannel Kondo e�et.This work was supported by the Polish State Committee for Sienti�Researh (KBN) Grant no. 2 P03B 062 18 for years 2000�2001.REFERENCES[1℄ Z. Henkie, R. Fabrowski, A. Wojakowski, J. Alloy. Compd. 219, 248 (1995).[2℄ A.J. Arko, J.J. Joye, J. Sarrao, J.D. Thompson, L. Morales, Z. Fisk, A. Wo-jakowski, T. Cihorek, J. Superond. 12, 175 (1999).[3℄ D.L. Cox, A. Zawadowski, Adv. Phys. 47, 599 (1998).[4℄ Z. Henkie, A. Pietraszko, A. Wojakowski, L. K�epi«ski, T. Cihorek, J. Alloy.Compd. 317-318, 52 (2001).[5℄ Z. Henkie, T. Cihorek, A. Pietraszko, R. Fabrowski, A. Wojakowski,B.S. Kuzhel, L. K�epi«ski, L. Krajzyk, A. Gukasov, P. Wi±niewski, J. Phys.Chem. Solids 59, 385 (1998).[6℄ I.L. Aleiner, B.L. Altshuler, Y.M. Galperin, T.A. Shutenko, Phys. Rev. Lett.86, 2629 (2001).[7℄ A. Zawadowski, G. Zaránd, ond-mat/0009283.[8℄ O. Újsághy, G. Zaránd, A. Zawadowski, Solid State Commun. 117, 167 (2001).[9℄ D. Aoki, P. Wi±niewski, K. Miyake, N. Watanabe, Y. Inada, R. Settai, E. Ya-mamota, Y. Haga, Y. Onuki, Philos. Mag. B80, 1517 (2000).[10℄ J.-M. Fournier, R. Tro¢, Handbook on the Physis and Chemistry of the A-tinides, Eds. A.J. Freeman, G.H. Lander, p. 29, vol.2, North-Holland, Ams-terdam (1985).
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