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Magnetic and specific heat measurements have been performed on polycrystalline TbNiz, ScNiz and their solid
solutions Thi_4Sc,Niz (z = 0.1, 0.2). These compounds were synthesized using high-purity rare-earth metals.
It has been found that the magnetic susceptibility of the nonmagnetic ScNi> compound exhibits a very weak
temperature dependence characteristic of the Pauli paramagnets. TbNiz, Tbg.9Sco.1Niz and Thbg.gSco.2Niz are
typical Curie-Weiss paramagnets and are ferromagnetically ordered below 36 K. As revealed by room-temperature
X-ray powder diffraction all the Thi_,Sc;Nia solid solutions have the cubic Laves C15-type superstructure. The
Debye temperature, phonon and conduction electron contributions as well as the magnetic part of heat capacity
were determined. The magnetocaloric effect has been studied by means of specific heat measurements in magnetic
fields of 0.42 and 1 T. The effect of rare-earth substitution in ScNis on the magnetic and magnetocaloric properties

will be discussed.

PACS numbers: 75.30.—m, 75.30.Cr, 75.40.—s, 75.85.+t

1. Introduction

The magnetism properties of compounds with ex-
change interaction comparable in magnitude to the crys-
tal field splitting are of particular fundamental interest.
In the solid solutions Tby_,Sc;Nis, the substitution of
Tb ions having nonzero magnetic moment for nonmag-
netic scandium ions leads to the suppression of the long-
-range magnetic order of Tb ions. The RNi, intermetallic
compounds were the subject of extensive investigations
in the past decades because of their relatively simple
structure and the commonly accepted assumption that
Ni carries no magnetic moment [1-3]. TbNi, is a typical
Curie-Weiss paramagnet at T' > T¢ and is ferromagneti-
cally ordered at a relatively low temperature. According
to the latest information the Curie temperature of TbNig
is 36 K [4]. The ScNip compound exhibits only the Pauli
paramagnetism in the temperature range of 2-298 K [5].
The purpose of this work is to study and analyse physical
properties including the magnetocaloric effect (MCE) of
Tby_4;Sc,; Niy solid solutions upon substitution of Th by
Sc in the magnetically ordered TbNi,, as well as those in
the nonmagnetic ScNiy compound.

2. Experimental

The methods for sample preparation and quality con-
trol were described in [6]. Specific heat measurements
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were performed in the temperature range of 1.9-295 K in
applied magnetic fields of 0.42 and 1 T using Quantum
Design PPMS 14 Heat Capacity System. Temperature
dependence of the DC magnetic susceptibility were mea-
sured at 4.2-290 K in a static magnetic field of 0.42 T
using a Faraday balance method. X-ray powder diffrac-
tion revealed that Th;_,Sc,Nis samples are single phase
and have the cubic C'15 superstructure (space group
F43m). The lattice parameters of TbNiy, Thg.9Scg.1 Nia
and Thbg gSco2Nis were determined to be 1.432, 1.428,
and 1.423 nm, respectively.

3. Results and discussions

Figure 1 shows the dependence of the magnetic suscep-
tibility for all measured samples in the low-temperature
region, near the magnetic ordering in a static magnetic
field of 0.42 T. The inverse magnetic susceptibility (the
inset of Fig. 1) is a linear function of the tempera-
ture; in a temperature range of 100-290 K, it obeys the
Curie-Weiss law. The paramagnetic Curie temperature
0p of TbNiy compound is 37 K (the Curie constant is
C = 24.2 K cm?/g) and for the remaining samples 6p
decreases with increasing Sc content down to 31 K for
x = 0.2. The values of the effective magnetic moment
teor calculated per terbium atom (the calculation were
performed assuming that Ni atoms do not carry any mag-
netic moment) for all samples are very close to the value
that is expected for a free Th3T ion and are equal to
9.6 ug. The Curie temperatures decrease from 36 K for
Tleg to 31 K for Tbo_gSCO,QNiQ.
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Fig. 1. Low temperature region dependence of the

magnetic susceptibility of Th1—,Sc;Nis (x = 0, 0.1, 0.2)
solid solutions measured in 0.42 T. The inset shows the
inverse magnetic susceptibility vs. temperature.

As an example, the temperature dependence of the
heat capacity Ciot(T), the sum of electron and phonon
Certpn(T) and magnetic contributions of solid solution
Thbg.9Scg.1Niz are shown in Fig. 2. Shown is the tem-

C,Ji(molK)

Ty o 0

0 T R e 0 T
0 50 100 150 200 250 300 0 50 100_|jf<0 200 250 300 0 50 100 150 200 250 300

Fig. 2. The heat capacity of Thg.9Sco.1Niz measured
in zero (a), 0.42 T (b) and 1 T (c) magnetic field.

perature dependence of the heat capacity measured in
zero magnetic field (Fig. 2a), 0.42 T (Fig. 2b) and 1 T
(Fig. 2¢). The sharp A-like maximum on the heat ca-
pacity curves at Tc = 31 K corresponds to the magnetic
ordering temperature. In order to estimate the magnetic
contribution a theoretical calculation of the Debye func-
tion was made [7]. The best fit for the wide tempera-
ture range of 2-300 K could be obtained by fixing the
parameters v = 38 mJ/(mol K?) for all the measured
samples, while the Debye temperature increases with in-
creasing scandium content from 6p = 262 K (TbNiy) to
Op = 289 K (TbgsScg2Niz). Heat capacity measure-

ments in magnetic fields show that the magnetic field
causes the broadening and displacement of the A-kind
maximum. In order to calculate the MCE the mag-
netic part of the entropy was calculated by integrating
Chag(T)/T. The magnetocaloric effect was calculated
by a method suggested by von Ranke et al. [8]. We de-
termined the temperature dependence of the adiabatic
temperature change AT,y for measured Thi_,Sc;Nis
(z = 0.1, 0.2) in the maximum magnetic field of 1 T. For
pwoH = 1 T, the maximum magnetocaloric effect AT,q
reaches about 2.4 K near 36 K for TbNi,. In the case
of the solid solutions the maximum AT, reaches about
2 K near 33 K for Tbo_gSCo.lNiQ.

4. Conclusion

The effect of partial replacement of Tbh by Sc on the
structure and physical properties of the Th;_,Sc,;Nis
solid solutions has been studied. The substitution results
in the decrease in the ordering temperature, as observed
both by the magnetization and specific heat measure-
ments. The Curie temperature decreases from 36 K for
TbNiy to 31 K for Thg gScy.oNis. The moderate magne-
tocaloric effect in a magnetic field of 0.42 and 1 T is not
very attractive for magnetic cooling.
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