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The low temperature (T < 70 K) spe i heat obtained for the
UCu4+x Al8 x derivatives in whi h the 3d elements (Cr, Mn and Ni) have
been substituted for Cu, and Ga for Al is presented. The parent alloys
have exhibited an alloying indu ed transition from simple antiferromagneti
ordering for low Cu on entration (for x  1:25) to heavy-fermion-like
properties (for x  1:5). The rystallographi disorder introdu ed by
a hange of stoi hiometry ould be the reason for enhan ed . These omponents slightly hange both the rystallographi relations and ele troni
stru ture, and the determined thermodynami data strongly suggest other
reasons for an enhan ed than rystallographi disorder. The o urren e
of the T 3 ln T term in spe i heat for all alloys ex ept that of Ni provides the on lusion about spin u tuation state. The Ni ompound is
antiferromagneti below TN = 27:5 K.
PACS numbers: 71.20.Lp, 71.27.+a, 75.40.Cx
1. Introdu tion

The dis overy of heavy fermion-like behaviour in UCu4+x Al8 x ternaries
[1,2℄ has aroused interest in the properties of their derivatives. The investigation of parent alloys has shown an alloying indu ed transition from simple
antiferromagneti ordering for low Cu on entration (x  1:25) to heavy
fermion (HF)-like behaviour (x  1:5) [2℄. Re ently, Nishioka et al. [3℄
have presented a phase diagram of this system and have established that
there probably exist three states: antiferromagneti (AF), heavy fermion
(HF) and non-Fermi liquid (nFL) ones depending on x. As the most pronoun ed indi ation of the HF state, enhan ed oe ient of the ele troni
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spe i heat ( ) is suggested. These alloys exhibit the tetragonal ThMn12 type stru ture (I 4=mmm spa e group) with four nonequivalent rystallographi sites: 2a o upied by uranium atoms, and 8f , 8i and 8j positions
in whi h the Cu and Al atoms are lo ated. Su h a stru ture an produ e
a rystallographi disorder whi h in turn an be the reason for the high
value of . To explain this problem, we have started the resear h on the
derivatives of UCu4+x Al8 x alloys in whi h Fe [4℄, Ni [5℄, Mn [6℄ and Cr [7℄
being substituted for Cu, and Ga for Al [8℄, have been examined. These
omponents slightly hange both rystallo hemi al relations (the UU separation and possibly the rystallographi sites o upation) and ele troni
stru ture. The magneti and ele tri al properties of these systems investigated so far did not provide any lear- ut indi ation of the inuen e of
these added omponents on the behaviour of pseudo-ternaries. Currently,
we report on spe i heat investigation of the sele ted representatives of
these pseudo-ternary alloys: UCu3 CrAl8 , UCu3:5 Mn0:5 Al8 , UCu3 NiAl8 and
UCu4 Al7:5 Ga0:5 at temperature T = 270 K. Preliminary results for the Cr
ompound have been published in [7℄.
2. Experimental

The ompounds have been prepared as it was des ribed previously [58℄
by melting the elements in stoi hiometri quantities in an ar furna e under
prote tive argon atmosphere. For measurements the as- ast samples were
used. An annealing pro ess resulted in the appearan e of weak parasiti
lines in the X-ray pattern. The home made, fully automati alorimeter was
used for measurements of spe i heat at T = 4:270 K.
3. Results and dis ussion

The investigated samples are single phases with the latti e parameters
given in [58℄. The results of present investigation are shown in Figs. 1, 2
and in Table I. In gures there are C=T versus T 2 plots for the Mn, Cr and
Ga alloys presented, whereas for the Ni ompound the same plot is shown
as inset and in the main gure C=T as a linear fun tion of T is plotted. The
reason for that will be explained further. The thermodynami data olle ted
in the table have been obtained from the gures via the equations:

C=T = HT + T 2 ;
= 12=54 Nk=D3 ;
temperature, and N and k have

(1)
(2)

where D is Debye
the usual meaning,
whereas HT was evaluated extrapolating the linear part of C=T versus T 2
plot to T = 0. LT was obtained by extrapolation of the low temperature
part 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 spe i heat
UCu3 CrAl8 (a) and UCu3:5 Mn0:5 Al8 (b).

C=T

versus squared temperature for

that independently of the alloy omposition, all thermodynami data are
fairly lose to ea h other. It is an indi ation that rystallographi disorder
is not the reason for the enhan ed . Therefore, the uranium atoms seem
to be responsible for the values. The Figs. 1(a), 1(b) and 2(a) do not reveal any phase transition and hen e a large low temperature
orresponds
to a strong orrelation of the uranium ele trons. The shape of the C=T
2 plots and the temperature dependen e of magneti sus eptibilversus T
ity at low temperature [68℄ resemble the type 5 spin-u tuating materials
(e.g. CeSi2 x ) as shown by Ikeda et al., [9℄. A ontribution of the term
T 3 ln T o urs for all three alloys (not shown) and the upturn is quite strong
in these materials. However, the weakness of the T 3 ln T term is probably
due to the low Tsf . As it is seen from Fig. 2(b) the Ni ompound exhibits a dierent behaviour related to an antiferromagneti ordering below
TN = 27:5 K onrmed by the neutron dira tion experiment [10℄. However,
HT value is very lose to those for other ompounds and at present we
annot explain this observation.
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Fig. 2. Low temperature spe i heat C=T versus squared temperature for
UCu4 Al7:5 Ga0:5 (a) and versus temperature for UCu3 NiAl8 (b). Inset shows C=T
versus T 2 .
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TABLE I
Thermodynami data for the in UCu4+x Al8
Compound

x

derivatives.

LT

HT
[mJ/mol K2 ℄ [mJ/mol K2 ℄ [mJ/mol K4 ℄

D
[K℄

UCu3 CrAl8

330

100

0.721

165

UCu3:5 Mn0:5 Al8

370

123

0.702

166

UCu3 NiAl8

150

99.8

0.991

TN = 27.5 K

350

99.4

0.821

158

UCu4 Al7 :5Ga0:5

4. Con lusions

The investigated alloys exhibit fairly lose thermodynami data, ex ept
for the Ni ompound. Probably, they exist in the spin-u tuation state at
low temperature whi h is suppressed by Ni doping, even though ele tron
orrelations, as indi ated by HT , are similar for all measured ompounds.
Further experiments are ne essary to elu idate the properties of these intriguing materials.
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