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The specific heat of CeNiGes, CesNizGes, CezNiGes and CezNisGer
and their isostructural analogues with La or Y was studied in the tem-
perature range 2.5-70 K. For all the Ce-based compounds C,,(T") exhibits
pronounced A-shaped peaks at the magnetic phase transitions. In the para-
magnetic range Kondo and Schottky terms notably contribute to the total
specific heat. In the ordered region, Cp(T) is dominated by a spin-wave
contribution. The characteristic Kondo and RKKY energy scales in all the
compounds are estimated to be of similar magnitude.

PACS numbers: 75.20.Hr, 75.30.Mb

The recent discovery of pressure-induced superconductivity in CeNisGes
[1] has stimulated investigations on several other phases from the ternary
Ce-Ni-Ge system. In this paper we report the results of specific heat mea-
surements carried out on CeNiGes, CeaNizgGes, CesNiGey and CegNioGer,
which complete our comprehensive studies on bulk magnetic [2] and elec-
trical transport [3] behaviour of these compounds. All the Ce-based phases
and their isostructural analogues with La and Y were prepared and checked
in a manner described previously [3]. The specific heat was measured in
the temperature range 2.5-70 K by employing an adiabatic step-heating
technique.

* Presented at the International Conference on Strongly Correlated Electron Systems,
(SCES 02), Cracow, Poland, July 10-13, 2002.
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Fig. 1. (a), (d) Specific heat of (Ce/La)3sNizGe; and (Ce/La)sNizGes. The arrows
mark magnetic phase transitions. Insets: Cy(T') vs T? for La compounds. (b), (e)
Non-lattice specific heat and entropy vs T' (left and right axes, respectively). The
dashed lines represent the electronic, Kondo and Schottky contributions. The thick
solid lines are fits to Eq. (1). (c), (f) Low-temperature AC. The solid lines are
fits to Eq. (2). Insets: estimation of the Kondo temperatures according to Ref. [7]
and [8].

The magnetic phase transitions in CeNiGes, CeaNigGes, CesNiGes and
Ce3NiyGer manifest themselves in C,(T) as pronounced A-shaped peaks
at Tn,c = 5.5, 5.1, 6.2 and 7.5 K, respectively. As an example, Fig. 1
displays the results obtained for CesNiyGe; and CeyNigGes (the data for
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CeNiGes and CegNiGey will be given elsewhere). In the case of CeyNizGes
a subsequent order—order transition is seen at 77 = 4.4 K in agreement with
Ref. [4]. Tiny anomalies in Cp,(7T') at about 10 K may result from a small
amount of magnetic impurity, presumably CesNiGeg [5].

The C,,(T) curves for the La(Y)-based phases are typical for nonmagnetic
metals (see Fig. 1). The experimental data below 10 K follow the depen-
dence C, = T + BT? with the Sommerfeld coefficients y of the order of a
few mJmol~'K~? and the Debye temperatures of about 300 K. Assuming
that the phonon contribution to the specific heat, Cpp, of the nonmagnetic
analogues is a good approximation of C, in the Ce compounds, the non-
lattice contribution AC = C}, — Cpp was extracted, as shown in Fig. 1. Then
the AC' curves were analysed in the paramagnetic region as a sum

were the subsequent terms denote the electronic, Kondo and Schottky spe-
cific heat, respectively. For C¢(T') a simple proportionality Ce; = vpT was
assumed. The Kondo contribution Ck(T') with the characteristic tempera-
ture Tk was applied, as derived theoretically by Desgranges and Schotte [6].
For Csch (T') a doublet—doublet crystal field scheme with an energy gap Acgr
was adopted for Ce3NigGe; and CeyNizGes, because the magnitude of the
magnetic entropy at 50 K is for both compounds only slightly larger than
RIn2 (see Fig. 1). In the case of CeNiGes a doublet—doublet scheme ap-
peared to be not appropriate and the third doublet originated from the
’Fy /2 Ce3* ground multiplet was taken into account. In turn, AC(T) for
Ce3NiGes does not reveal any clear Schottky contribution and thus the Cgep,
term was neglected. Fitting the experimental specific heat curves to Eq. (1)
yielded the parameters vy,, Acgr and Tk given in Table I. It is worthwhile
noting that for all the compounds the values of Acgr and Tk are close to
those estimated from the electrical resistivity data [3,4].

TABLE 1
The specific heat characteristics for the Ce—based compounds.
param. region ord. region
Compound Tp ACEF TK ’y* A A
(i) ®)  ®) () K (i)
CeNiGeg 45 116, 163 4.5 193 4 9.1
CegNi3G65 4 173 4.7 504 17 6.4
Ce3NiGe2 25 — 12 — — —
CesNiyGer 10 148 5.2 78 10 1.1

For comparison the Kondo temperatures have also been calculated from
the magnetic entropy S at T ¢ |7] and the specific heat jump 6C at T ¢ [8]
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(see the graphical analysis of Tk in Ce3NisGe; and CeyNizGes, presented
in the insets to Figs. 1(c) and 1(f), respectively). The values of Tk derived
from S (0C) are 6.2 (3.7), 6.5 (2.2), 10 (8.4) and 14 (2.5) K for CeNiGes,
CesNigGes, CesNiGey and CesNioGey, respectively. Despite some discrep-
ancies between the values obtained by different methods it is clearly seen
that in all the compounds studied the energy scales for Kondo and RKKY
interactions are of similar magnitude.

In the ordered region C,(T') of an antiferromagnetic Kondo lattice is
given by the formula [9]

AC(T) = v* T+ AATPTY2e=2/T[1 4 (39/20)(T/A) + (51/32) (T/A)?], (2)

where v*T is an electronic term, A is an energy gap in the spin-wave spec-
trum and A is a constant. The least-squares fitting parameters for CeNiGes,
CegNizGes and CezNigGey; (ferromagnetic CegNiGey will be analysed sepa-
rately) are given in Table I (see also the solid lines in Figs. 1(c) and 1(f)).
The enhanced values of v* hint at strong electronic correlations in all the
compounds studied, and thus, together with the behaviour of C,(T') in the
paramagnetic state, support the dense Kondo picture postulated for these
ternaries in the previous studies [2-4].

The work was supported by the Austrian—Polish Scientific-Technical Ex-
change Program (project No. 14/2001), the Max-Planck Society and the Pol-
ish State Committee for Scientific Research (KBN) grant No. 2P03B 028 23.
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