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X-ray, magnetisation, susceptibility and heat capacity measurements were used to
study the pseudoternary system U:Ce;—»Ru,Si; in wide concentration range be-
tween CeRu,Si, and URu;Siz. The Rietveld analysis of X-ray data revealed good
solubility of U in CeRu;Si; and Ce in URuzSi;. The absolute value of suscep-
tibility and the electronic coefficient v increase with Ce alloying. An anomalous
behaviour of the magnetisation and the susceptibility was found for x=0.4 in the
magnetic field H < 0.5 T .

1. Introduction )

The compounds which contain unstable f-¢lectron shells due to e.g. cerium or ura-
nium elements, are characterized by rich variety of low temperature behaviour. Some
of Ce- or U-based intermetalic materials form at low temperatures a highly correlated
electron band at the Fermi level and are characterised by the enhanced low tem-
perature electronic coefficient 7 and the enhanced magnetic susceptibility xy. Some
of these compounds exhibit Pauli paramagnetism (e.g. CeRu,Si»), ferromagnetism
(URuy 5Req gSi; [1]), antiferromagnetism and superconductivity (URuSiz {2, 3]). The
hybridisation between f-electron states and the p- or d-orbitals of ligand atoms in the
heavy fermion systems is extremly sensitive to volume effects induced by applied hy-
drostatic pressure or by alloying (chemical pressure).

2. Results and Discussion

Our measurements [4, 5] taken on single crystals U;Ce;—;RusSiz (x = 0.99, 0.975,
0.95) showed that Ce substitution strongly affects anomalies in resistivity, susceptibility
and heat capacity data which are related to the magnetic phase transition in URu,Si,.
The transition is associated with weak antiferromagnetic ordering characterised by small
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0.4, 0.6, 0.8 ).

ordered moment 0.04 up below T = 17.5 K [2]. The ordering arises from the formation
of an energy gap about 11 meV (see references in {5]). The origin of the magnetic
transition in UzCe;_-Ru3Siz (0.99 = x > 0.95) is probably the same as in URu»Sis.
The far-infrared measurements of Ug 99Cep o1 RuzSis [6] revealed an energy gap of the
same size as in URu3Siz. On U;Ce;_zRu,Si; single crystals (x = 0.05, 0.10) we did
not find any evidence of long-range antiferromagnetic ordering. The changes of the
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susceptibility and the heat capacity were discussed in the frame of volume changes due
to the chemical pressure [4, 7].

In this paper we report on x-ray, susceptibility, magnetisation and heat capacity
measurements of U;Ce; _zRusSiz (x = 1,0.8,0.6,0.4,0.2,0.0) polycrystalline samples.
Several data in the inset of the Fig.1 are taken from {4] and all heat-capacity results,
except of the data for Ug 4CeosRusSiz , are taken from [5] and [7]. Our samples
were prepared by arc-melting stochiometric amounts of the constituent. elements under
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continuously Ti-gettered argon atmosphere. Fig. 1 shows the strongest X-ray reflections
on powdered samples. Symbols represent experimental data and solid line represents
a fit after the Rietveld refinement. The Rietveld analysis revealed that each sample
adopts the tetragonal ThCr,Si, - type structure with the space group I4/mmm. <<n
did not find presence of any second phase. Positioning of alloying atoms in the hosf”

lattice led to local volume changes which introduced tensions to the material resulting in -

broadening of Bragg’s reflections. The volume of the elementary cell decreases almost
linearly from 172.25 A for CeRu,Si, to 163.15 A for URu,Si, (see the inset of om.m

Fig. 1). Good solubility of U in CeRusSiy and Ce in URu3Si; was confirmed in €roﬁm

concentration range in contrast with result presented in [8] where only 45 % solubility
of Ce in URu,Si, was found.

Magnetisation measurements were fulfilled by sample vibrating magnetometer in
magnetic fields with induction 0.1 T, 0.5 T, 1 T and 2 T. The magnetic susceptibil-
ity was almost independent on magnetic field apart from the sample with x=0.4. The
broad maximum in susceptibility at 50 K for URu3Siz becomes more sharp and shifts to
lower temperatures with Ce alloying and the absolute value of susceptibility is higher
(Fig. 2). The results for x<0.4 are very similar to those published in [8]. Our sus-
ceptibility data obey Curie-Weiss law above 100 K. Curie-Weiss constant theta and
effective magnetic moment estimated from high temperature region decrease with Ce-
alloying (3.02 pp/fu., 2.66 up/fu., 2 pp/fu. for x=0.8, 0.6 to 0.4). The value of
moment is smaller compared to that found for single crystal. It is probably caused by
high magnetic anisotropy of single crystals [5, 7). The sample with x = 0.4 represents
a border between behaviour which is close to URu3Si; and CeRu,Si;. We have found
an anomalous behaviour of magnetisation for Ug 4Cep sRu3Siz below 90 K (Fig. 3). A
small anomaly develops at about 50 K for magnetic fields 0.1 T and 0.5 T. The anomaly
is more visible in susceptibility data (inset of Fig. 3) and it is not possible to explain the
anomaly only by magnetic impurities. It seems that some kind of magnetic correlation
develops there. ‘

The specific heat data were measured between 1.5 K and 30 K using an adiabatic
method. Our heat capacity measurements for Ce-alloying (Fig. 4) show rapid destruc-
tion of A anomaly of URu2Si> and development to the behaviour which is typical for
CeRu3Siy. The sharp A like anomaly broadens for x = 0.99 and T decreases down to
15.5 K. The specific-heat anomaly for x = (.95 exhibits enhanced value of C/T below 20
K with a grab maximum at 16 K, a broad maximum at 8 K. The specific heat for x=0.4
exhibits small maximum at 8 K (similar to that observed for sample x=0.95) while for
temperatures larger than 15 K one can observe a rapid increase of C/T values to value
of 0.3 J/K?*mol at 30 K comparable to the specific heat of sample with x=0.05. (lower

part in the Fig. 4). The maximum in C/T(T) at 8 K corresponds to the maximum E .

susceptibility. The electronic coefficient +y increases with Ce alloying.

3. Conclusions

The Rietveld analysis of our X-ray data revealed good solubility of U in CeRu2Si2
and Ce in URu3Si;. The volume of the elementary cell decreases almost linearly from
172.25 A for CeRu»Si, to 163.15 A for URu3Si;. The absolute value of susceptibility
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and the electronic coefficient of specific heat increase with Ce alloying. We have found
an anomalous behaviour of the magnetisation (susceptibility}) for concentration x=0.4 at
the temperature of 50 K and for magnetic field 0.1 T and 0.5 T. The observed anomaly
can not be explain only by the presence of magnetic impurities or crystal deffects. The
anomaly can be an intrinsic property of Ug.4Cep.sRusSip. It seems that this mw.Bv_m
represents a border between behaviour which is close to URu3Si; or to CeRuySiz on
the other hand.
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