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MAGNETIC AND TRANSPORT PROPERTIES OF THEPSEUDOBINARY SYSTEM UGa3�xGex�K. Gofryk and D. Ka
zorowskiW. Trzebiatowski Institute for Low Temperature and Stru
ture Resear
hPolish A
ademy of S
ien
esOkólna 2, 50-950 Wro
ªaw, Poland(Re
eived July 10, 2002)Magneti
, ele
tri
al and thermodynami
 properties of the pseudobinaryalloy system UGa3�xGex, 0 � x � 3, have been studied by means of mag-neti
 sus
eptibility, ele
tri
al resistivity, thermoele
tri
 power and spe
i�
heat measurements. The results indi
ate a gradual transformation fromitinerant antiferromagnetism in Ga-ri
h alloys to Pauli paramagnetism inGe-ri
h materials. Total suppression of the magneti
 order o

urs nearthe 
omposition x � 0:6. For UGa2:4Ge0:6 
urious behavior of the low-temperature bulk properties has been found that develops presumably be-
ause of the 
loseness of this alloy to a magneti
 quantum 
riti
al point.PACS numbers: 75.50.Ee, 75.30.Mb, 72.15.Qm, 74.20.MnThe uranium 
ompound UGa3 is an ar
hetypal itinerant antiferromag-net with large orbital moments [1, 2℄. Upon applying hydrostati
 pressureits Néel temperature TN = 67 K sharply de
reases and be
omes zero atabout 2.6 GPa [3℄. Around the quantum 
riti
al point the ele
tri
al resis-tivity shows a non-Fermi liquid behavior with some hints of a transition tosuper
ondu
ting state [3℄. This re
ent �nding motivated us to undertake are-investigation of the pseudobinary alloy system UGa3�xGex, 0 � x � 3, inwhi
h the substitution for Ga of a smaller atom Ge is believed to simulatea positive 
hemi
al pressure [4, 5℄Poly
rystalline samples of UGa3�xGex were synthesized by ar
-meltingthe 
onstituents in a titanium-gettered argon atmosphere and subsequentannealing in va
uum at 850Æ C for a week. All the alloys were proved byX-ray powder di�ra
tion to be single phases with the expe
ted AuCu3-type
rystal stru
ture. With in
reasing Ge-
ontent the 
ubi
 latti
e parametergradually de
reases, approximately in a Vegard's manner.� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1213)



1214 K. Gofryk, D. Ka
zorowskiThe physi
al properties of UGa3�xGex were studied by means of mag-neti
 sus
eptibility, ele
tri
al resistivity, thermoele
tri
 power and spe
i�
heat measurements, performed in the temperature range 1.7�300 K. Uponthe substitution of Ge for Ga the magneti
 sus
eptibility, whi
h is almosttemperature independent for all the 
ompositions [4℄, systemati
ally de-
reases. Simultaneously, the magneti
 ordering, manifested by a small maxi-mum in �(T ), gradually shifts to lower temperatures and vanishes at x � 0:6.In general, the magneti
 properties of Ga-ri
h alloys are reminis
ent of thoseof UGa3 [6℄ (in Fig. 1(a) there is shown as an example the �(T ) 
urve forUGa2:9Ge0:1). Most surprisingly, the sus
eptibility of UGa2:4 Ge0:6, mea-sured in weak magneti
 �elds, drops abruptly at T
 = 6.4 K and at lowertemperatures it be
omes diamagneti
 (see Fig. 1(b)). Moreover, the �elddependen
e of the magnetization taken at T = 1:7 K is 
hara
teristi
 oftype-II super
ondu
tors.
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B (T)Fig. 1. Temperature variation of the magneti
 sus
eptibility of UGa2:9 Ge0:1 (a)and UGa2:4Ge0:6 (b). ZFC-zero �eld 
ooled; FC-�eld 
ooled. The arrow in panel(a) indi
ates the Néel point TN = 64 K. The arrow in panel (b) marks the onsetof diamagnetism at T
 = 6:4 K. Inset: �eld dependen
e of the low-temperaturemagnetization taken with in
reasing magneti
 �eld.Nevertheless, any supposition that the sample be
omes super
ondu
tingshould be rather ex
luded be
ause its low-temperature resistivity remains�nal. In fa
t, as displayed in Fig. 2(a), the �(T ) 
urve of UGa2:4Ge0:6 isfeatureless in the whole temperature range studied. Below about 70 K it isa linear fun
tion of temperature, being in a striking 
ontrast to the Fermi-liquid-like behavior of the resistivity for all the alloys with x < 0:6 (see asan example in Fig. 2(a) �(T ) for UGa2:9Ge0:1). A
tually, �tting the resis-tivity data of UGa2:9Ge0:1 to the formula �(T ) = �0 +A� TT0�n [7℄ gives forT < 50 K the parameters: �0 = 44 �

m, A = 0:09 �

m, T0 = 3:5 K and



Magneti
 and Transport Properties of the Pseudobinary System : : : 1215n = 2:04, whereas the same pro
edure performed for UGa2:4Ge0:6 yields:�0 = 42 �

m, A = 0:45 �

m, T0 = 1:9 K and n = 1:05. Interestingly,a similar 
hange in �(T ) was re
ently reported for a UGa3 single 
rystalsubje
ted to hydrostati
 pressure [3℄: whereas below 2 GPa a � � T 2 depen-den
e was observed, a non-Fermi liquid behavior was found in the vi
inity ofthe magneti
-nonmagneti
 instability o

urring at p
 = 2:6 GPa. However,unlike the UGa2:9Ge0:1 
ase (T < 70 K), the NFL-like features in UGa3 werelimited to temperatures below 2 K only.
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Fig. 2. Temperature dependen
e of the ele
tri
al resistivity (a) and the thermo-ele
tri
 power (b) of UGa2:9Ge0:1 (upper panels) and UGa2:4Ge0:6 (lower panels).The arrows mark the antiferromagneti
 phase transition. The solid lines are least-squares �ts of the experimental data to the fun
tion �(T ) = �0 +A� TT0 �n, whi
hyield n = 2.04 and 1.05 for UGa2:9Ge0:1 and UGa2:4Ge0:6, respe
tively.In Fig. 2(b) there are shown the temperature variations of the thermo-ele
tri
 power of the two alloys dis
ussed. These S(T ) results are 
onsistentwith the data reported for UGa3 [8℄ in respe
t of both positive sign andoverall shape. Large absolute values of the thermopower at 200 K are of theorder of those 
hara
teristi
 of heavy fermion 
ompounds.The low-temperature spe
i�
 heat of UGa3 exhibits a regular dependen
eCp = 
 T +� T 3 with moderately enhan
ed 
 value of about 50 mJ/K2mole[1, 8℄. For UGa2:4Ge0:6 the Sommerfeld 
oe�
ient extrapolated from theregion 10�20 K amounts to 96 mJ/K2mole, and Cp(T ) shows an anomaly
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zorowskinear T
 = 6:4 K that results in a steep upturn in Cp=T when T ! 0. Thedetails on this �nding will be given elsewhere, together with the spe
i�
 heatdata for other UGa3�xGex alloys.In summary, the substitution in UGa3�xGex of Ge atoms for Ga atomsbrings about a gradual suppression of the long range magneti
 order. Su
ha behavior is 
onsistent with an itinerant-ele
tron nature of the magnetismin this system that is mainly driven by the hybridization of uranium 5fele
troni
 states with p-orbitals of gallium and germanium. For the 
riti
al
omposition x � 0:6, at whi
h TN goes to zero, some unusual features havebeen found, like a linear T -dependen
e of the resistivity, a strongly diamag-neti
 sus
eptibility and the formation of a low-temperature tail in the Cp=Tratio. These �ndings 
an be 
ompared with the non-Fermi liquid behavior ofthe ele
tri
al resistivity of single-
rystalline UGa3, driven into the magneti
quantum 
riti
al point by applying hydrostati
 pressure [3℄. Furthermore,the diamagnetism in UGa2:4Ge0:6 strongly re
alls the super
ondu
tor-likeAC sus
eptibility response of UGa3 single 
rystals [6℄. These and other ex-traordinary low-temperature properties of the alloys UGa3�xGex as well asof the terminal 
ompound UGa3 will be addressed in our forth
oming paper.The work was supported by the State Committee for S
ienti�
 Resear
h(KBN), Proje
t No. 2P03B 150 17.REFERENCES[1℄ D. Ka
zorowski, R. Tro¢, D. Badurski, A. Böhm, L. Shlyk, F. Stegli
h, Phys.Rev. B48, 16425 (1993).[2℄ A. Hiess, F. Boudarot, S. Coad, P.J. Brown, P. Burlet, G.H. Lander,M.S.S. Brooks, D. Ka
zorowski, A. Czopnik, R. Tro¢, Europhys. Lett. 55,267 (2001).[3℄ M. Nakashima, Y. Haga, F. Honda, T. Eto, G. Oomi, T. Kagayama,N. Takeshita, T. Nakanishi, N. M�ri, D. Aoki, R. Settai, Y. 	Onuki, J. Phys.:Condens. Matter 13, L569 (2001).[4℄ L.W. Zhou, C.S. Jee, C.L. Lin, J.E. Crow, S. Bloom, R.P. Guertin, J. Appl.Phys. 61, 3377 (1987).[5℄ D. Ka
zorowski, R. Hauser, A. Czopnik, Physi
a B 230-232, 35 (1997).[6℄ D. Ka
zorowski, P.W. Klamut, A. Czopnik, A. Je»owski, J. Magn. Magn. Mat.177-181, 41 (1998).[7℄ M.B. Maple, E.D. Bauer, V.S. Zapf, E.J. Freeman, N.A. Frederi
k, R.P. Di
key,A
ta Phys. Pol. B 32, 3291 (2001).[8℄ D. Aoki, N. Suzuki, K. Miyake, Y. Inada, R. Settai, K. Sugiyama, E. Yamamoto,Y. Haga, Y. 	Onuki, T. Inoue, K. Kindo, H. Sugawara, H. Sato, H. Yamagami,J. Phys. So
. Jpn. 70, 538 (2001).


