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EVIDENCE FOR A NON-MAGNETIC KONDO EFFECTIN THE STRUCTURALLY DISORDERED UAsSeFERROMAGNET�T. Cihorek y, R. Mihalak, F. Kromer, J. Müller, F. SteglihMax Plank Institute for Chemial Physis of Solids01187 Dresden, GermanyA. Wojakowski and Z. HenkieW. Trzebiatowski Institute of Low Temperature and Struture ResearhPolish Aademy of SienesP.O. Box 1410, 50-950 Wroªaw, Poland(Reeived June 21, 2001)Spei� heat and thermal expansion measured along the -axis are re-ported for the UAsSe single rystals with TC = 101:5K, whih display thepronouned low-T upturn in the eletrial resistivity. Besides the ferromag-neti transition, no additional anomaly has been found that ould a�et thelow-T physis of UAsSe. The investigated 77Se NMR spetra give evidenefor a systemati development of the disorder aused by a small hange ofthe sample omposition. The appearane of eletron-assisted tunneling ofthe atoms in UAsSe and related ompounds is disussed.PACS numbers: 66.35.+a, 65.40.�bTwo Level Systems (TLS's) in disordered solids are believed to be atoms,small groups of atoms, or more ompliated lusters, that quantum-mehani-ally tunnel between two similar energy states separated by a barrier. Ex-periments show that additional ontributions to the thermal properties dueto the TLS's are of a very similar size even for quite dissimilar materials.These universal behaviors are dominated by the interation of the TLS'swith phonons rather than with ondution eletrons. Moreover, there is nolear experimental evidene for the in�uene of the TLS's on the eletrial� Presented at the XII Shool of Modern Physis on Phase Transitions and CritialPhenomena, L¡dek Zdrój, Poland, June 21�24, 2001.y On leave from the W. Trzebiatowski Institute of Low Temperature and StrutureResearh, Polish Aademy of Sienes, P.O. Box 1410, 50-950 Wroªaw, Poland.(3399)



3400 T. Cihorek et al.resistivity, �(T ), [1℄. On the other hand, the theoretial alulations predita rise of �(T ) with lowering temperature as a result of the eletron-assistedtunneling of the atom. This many-body phenomenon an display a non-magneti analogy to the ordinary Kondo problem [2℄.Historially, Cohrane et al. [3℄ were the �rst who asked whether stru-tural disorder an lead to the existene of a low-energy degree of free-dom to whih the ondution eletrons an ouple. However, the non-magneti Ni75P25 alloy that they have investigated has later been reog-nized as a spin-glass material. Non-magneti origin of the minimum in theresistivity around 20K has been observed in the degenerate Pb1�xGexTesemiondutor (n = 3:4 � 1018m�3 for x = 0:006). It is believed that therandom distribution of the Ge atoms indues loal strain �elds that lift theeightfold degeneray, plausibly leaving only two levels lose in energy at eahGe site and thus giving rise to the TLS's. However, there are some ompli-ations beause of the ferroelasti transitions, whih intervene in the low-Tupturn in �(T ) when the Ge onentration inreases (see, e.g. [2℄).From the non-magneti Kondo-problem point of view, the metalli UAsSesystem is very interesting (the tetragonal PbFCl-type struture). It under-goes a ferromagneti phase transition between 96.7K and 116.9K for slightlyo�- (As/Se �0:9) and near-stoihiometri samples, respetively. In spite ofthe small hange of the anioni stoihiometry, the physial properties arestrongly sample dependent � espeially the eletrial resistivity that dis-plays an intriguing upturn in the ferromagneti state. Its magnitude rapidlyinreases in a monotoni manner with a smooth derease of TC aompaniedby a derease of the As/Se ratio. Above TC, the �(T ) behavior of UAsSehas been found to be almost sample independent [4℄.In the ordinary Kondo e�et, a quenhing of the loal magneti momentsis essentially based on the antiferromagneti interations between itinerantondution eletrons and the magneti impurity. Sine the Kondo sreeningis extended on the distane of the order of tens of unit ells, the magnetiKondo e�et is unlikely in the ferromagnetially ordered material. (The sizesof the rystallographi and magneti unit ell are the same in UAsSe.) Inaddition, the very small magnetoresistane in UAsSe in �nite �elds up to13:5T give an additional experimental evidene for a non-magneti originof the negative temperature oe�ient of the resistivity, � = 1=� �d�=dT , atT < TC [4℄.We do not wish to address here the transport properties of UAsSe, whihare widely disussed elsewhere ([5�7℄ and this issue). In the following, we willmainly fous on the thermodynami properties of the TC = 101:5K samplethat reveals the pronouned low-T upturn in �(T ). We will also presentthe 77Se NMR spetra obtained for speimens with the various As/Se ratios(i.e., di�erent TC).
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Fig. 1. High- and low-temperature data of spei� heat ((a) and (b), respetively)and thermal expansion oe�ient, �(T ) = 1=l � dl=dT , measured along the -axis() for the UAsSe single rystal with TC = 101:5K.In order to exlude other mehanisms that an also lead to � < 0, we haveinvestigated the spei� heat, C(T ), (Fig. 1(a) and 1(b)) and the thermalexpansion along the -axis (Fig. 1()). Besides the ferromagneti transition,no additional anomaly has been found that ould a�et the low-T propertiesof UAsSe. Using a apaitive dilatometer with an extremely high relativelength-hange resolution of �l=l = 10�10 we were able to probe the existeneof hanges in the unit ell volume and/or superstruture formation. There-fore, suh phenomena as a strutural phase transition or a harge densitywave, whih ould be responsible for � < 0, should be exluded for UAsSe.Fig. 1(b) reveals the low-T C(T )=T data measured down to 0.4K. The slightinrease of C(T )=T below around 2K annot be explained by the �usual�tunneling proesses. The linear-in-T ontribution from an assembly of theTLS's to the total spei� heat is universal and of the order of a one tenth ofmJ/Kmol around 1K, i.e., it is ompletely sreened by the eletroni partof C(T ) (see, e.g., [1℄). At this point of investigation two senarios based onthe disorder appear to be possible: (i) an in�uene of the high-temperaturepart of the nulear heat apaities being smeared by the disorder or (ii) anation of the eletron-assisted tunneling for whih large values of C(T )=Tare predited [8℄. Although there is not yet unquestionable evidene for thedisorder in the UAsSe system, the X-ray as well as the neutron-di�ration
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Fig. 2. Room-temperature 77Se NMR spetra in a �xed �eld of 7T taken using thespin-eho tehnique.experiments learly hint at suh a possibility in the anioni sublattie [9℄.In order to establish the existene of the disorder and to investigate any de-velopment of it upon dereasing the As/Se ratio, we have performed a 77SeNMR study. The results have been obtained on oriented powders produedby grinding the single rystals of di�erent TC's: 101.5, 108 and 116K. For77Se (I = 1=2) one NMR line per rystallographi Se-site is expeted. Inspite of the poor signal-to-noise ratio, learly more than one resonane lineis observed (Fig. 2) giving evidene for mirosopi di�erenes between thesamples with various TC's. For dereasing TC (dereasing As/Se ratio), theindividual line width inreases, as does the separation of the lines indiatingthe developing disorder in UAsSe. Finally, for the sample with TC = 101:5K,the spetrum is almost ompletely suppressed. This is probably due to a sub-stantial enhanement of the spin-lattie relaxation time by the large anionidisorder in this sample. In the �rst interpretation we assume three Se-sites.While one is the unperturbed Se-site, the two others represent: a Se-sitethat is loated in the As-layer and a Se-site in the Se-layer but where As hasbuilt into this layer and is part of the �rst oordination sphere of this Se.Layers staked along the -diretion with the sequene: -As-U-Se-Se-U-As-as well as physiohemial a�nity between arseni and selenium quite nat-urally privilege disorder in the anioni sublattie leaving a well-orderedationi sublattie [9℄. The latter an be, to some degree, treated as a urrent-arrier reservoir (5f band at the Fermi level [10℄). Most probably, the dis-order on the mirosopi sale in the single-rystalline UAsSe speimens
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