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SPECIFIC HEAT OF THE UCu4+xAl8�x DERIVATIVES�W. Suskia;b, A. Czopnika, K. Wohowskia and M. SoªygaaaInstitute of Low Temperature and Struture ResearhPolish Aademy of Sienes, P.O. Box 1410, 50�950 Wroªaw, PolandbInternational Laboratory of High Magneti Fields and Low TemperaturesGajowika 95, 53�421 Wroªaw, Poland(Reeived July 10, 2002)The low temperature (T < 70 K) spei� heat obtained for theUCu4+xAl8�x derivatives in whih the 3d elements (Cr, Mn and Ni) havebeen substituted for Cu, and Ga for Al is presented. The parent alloyshave exhibited an alloying indued transition from simple antiferromagnetiordering for low Cu�onentration (for x � 1:25) to heavy-fermion-likeproperties (for x � 1:5). The rystallographi disorder introdued bya hange of stoihiometry ould be the reason for enhaned . These om-ponents slightly hange both the rystallographi relations and eletronistruture, and the determined thermodynami data strongly suggest otherreasons for an enhaned  than rystallographi disorder. The ourreneof the T 3 lnT term in spei� heat for all alloys exept that of Ni pro-vides the onlusion about spin �utuation state. The Ni ompound isantiferromagneti below TN = 27:5K.PACS numbers: 71.20.Lp, 71.27.+a, 75.40.Cx1. IntrodutionThe disovery of heavy fermion-like behaviour in UCu4+xAl8�x ternaries[1,2℄ has aroused interest in the properties of their derivatives. The investi-gation of parent alloys has shown an alloying indued transition from simpleantiferromagneti ordering for low Cu onentration (x � 1:25) to heavyfermion (HF)-like behaviour (x � 1:5) [2℄. Reently, Nishioka et al. [3℄have presented a phase diagram of this system and have established thatthere probably exist three states: antiferromagneti (AF), heavy fermion(HF) and non-Fermi liquid (nFL) ones depending on x. As the most pro-nouned indiation of the HF state, enhaned oe�ient of the eletroni� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(621)



622 W. Suski et al.spei� heat () is suggested. These alloys exhibit the tetragonal ThMn12-type struture (I4=mmm spae group) with four nonequivalent rystallo-graphi sites: 2a oupied by uranium atoms, and 8f , 8i and 8j positionsin whih the Cu and Al atoms are loated. Suh a struture an produea rystallographi disorder whih in turn an be the reason for the highvalue of . To explain this problem, we have started the researh on thederivatives of UCu4+xAl8�x alloys in whih Fe [4℄, Ni [5℄, Mn [6℄ and Cr [7℄being substituted for Cu, and Ga for Al [8℄, have been examined. Theseomponents slightly hange both rystallohemial relations (the U�U sep-aration and possibly the rystallographi sites oupation) and eletronistruture. The magneti and eletrial properties of these systems inves-tigated so far did not provide any lear-ut indiation of the in�uene ofthese added omponents on the behaviour of pseudo-ternaries. Currently,we report on spei� heat investigation of the seleted representatives ofthese pseudo-ternary alloys: UCu3CrAl8, UCu3:5Mn0:5Al8, UCu3NiAl8 andUCu4Al7:5Ga0:5 at temperature T = 2�70K. Preliminary results for the Crompound have been published in [7℄.2. ExperimentalThe ompounds have been prepared as it was desribed previously [5�8℄by melting the elements in stoihiometri quantities in an ar furnae underprotetive argon atmosphere. For measurements the as-ast samples wereused. An annealing proess resulted in the appearane of weak parasitilines in the X-ray pattern. The home made, fully automati alorimeter wasused for measurements of spei� heat at T = 4:2�70K.3. Results and disussionThe investigated samples are single phases with the lattie parametersgiven in [5�8℄. The results of present investigation are shown in Figs. 1, 2and in Table I. In �gures there are C=T versus T 2 plots for the Mn, Cr andGa alloys presented, whereas for the Ni ompound the same plot is shownas inset and in the main �gure C=T as a linear funtion of T is plotted. Thereason for that will be explained further. The thermodynami data olletedin the table have been obtained from the �gures via the equations:C=T = HT + �T 2 ; (1)� = 12=5�4Nk=�3D ; (2)where �D is Debye temperature, and N and k have the usual meaning,whereas HT was evaluated extrapolating the linear part of C=T versus T 2plot to T = 0. LT was obtained by extrapolation of the low temperaturepart of the same plot to T = 0. It is seen from Figs. 1(a), 1(b) and 2(a)
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Fig. 1. Low temperature spei� heat C=T versus squared temperature forUCu3CrAl8 (a) and UCu3:5Mn0:5Al8 (b).that independently of the alloy omposition, all thermodynami data arefairly lose to eah other. It is an indiation that rystallographi disorderis not the reason for the enhaned . Therefore, the uranium atoms seemto be responsible for the  values. The Figs. 1(a), 1(b) and 2(a) do not re-veal any phase transition and hene a large low temperature  orrespondsto a strong orrelation of the uranium eletrons. The shape of the C=Tversus T 2 plots and the temperature dependene of magneti suseptibil-ity at low temperature [6�8℄ resemble the type 5 spin-�utuating materials(e.g. CeSi2�x ) as shown by Ikeda et al., [9℄. A ontribution of the termT 3 lnT ours for all three alloys (not shown) and the upturn is quite strongin these materials. However, the weakness of the T 3 lnT term is probablydue to the low Tsf . As it is seen from Fig. 2(b) the Ni ompound ex-hibits a di�erent behaviour related to an antiferromagneti ordering belowTN = 27:5K on�rmed by the neutron di�ration experiment [10℄. However,HT value is very lose to those for other ompounds and at present weannot explain this observation.
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(b)Fig. 2. Low temperature spei� heat C=T versus squared temperature forUCu4Al7:5Ga0:5 (a) and versus temperature for UCu3NiAl8 (b). Inset shows C=Tversus T 2.



624 W. Suski et al. TABLE IThermodynami data for the in UCu4+xAl8�x derivatives.Compound LT HT � �D[mJ/mol K2℄ [mJ/mol K2℄ [mJ/mol K4℄ [K℄UCu3CrAl8 330 100 0.721 165UCu3:5Mn0:5Al8 370 123 0.702 166UCu3NiAl8 150 99.8 0.991 TN = 27.5KUCu4Al7:5Ga0:5 350 99.4 0.821 1584. ConlusionsThe investigated alloys exhibit fairly lose thermodynami data, exeptfor the Ni ompound. Probably, they exist in the spin-�utuation state atlow temperature whih is suppressed by Ni doping, even though eletronorrelations, as indiated by HT, are similar for all measured ompounds.Further experiments are neessary to eluidate the properties of these in-triguing materials. REFERENCES[1℄ M. Drulis, A. Baran, B. Stali«ski, W. Suski, R. Felten, F. Steglih, L. Pawlak,Thermohim. Ata 139, 219 (1989).[2℄ C. Geibel, U. Ahlheim, A.L. Giorgi, G. Sparn, H. Spile, F. Steglih, W. Suski,Physia B 163, 194 (1990).[3℄ T. Nishioka, Y. Kurakahashi, R. Fukuda, M. Kotani, Czeh. J. Phys. 46, 2065(1996).[4℄ W. Suski, A. Baran, L. Folik, K. Wohowski, T. Mydlarz, J. Alloy. Compd.181, 249 (1992)[5℄ W. Suski, K. Wohowski, D. Badurski, Bull. Pol. Aad. Si. Chem. 42, 286(1994)[6℄ W. Suski, K. Wohowski, J. Alloy. Compd. 317�318, 395 (2001).[7℄ W. Suski, A. Czopnik, K. Wohowski, J. Nulear Siene Tehn. in press.[8℄ W. Suski, K. Wohowski, D. Badurski, Physia B 312�313, 286 (2002).[9℄ K. Ikeda, S.K. Dhar, M. Yoshizawa, K.A. Gshneidner Jr., J. Magn. Magn.Mater. 100, 293 (1991).[10℄ G. André, F. Bourée, K. Wohowski, W. Suski, Solid State Commun. 104,189 (1997).


