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MAGNETIC PROPERTIES OF THE AuCug-TYPE Sm-COMPOUNDS

B. Liu, M. Kasaya and T. Kasuya
Depertment of Physics, Faculty of Science, Tohoku University, Sendai 980, Japan

Abstract. ~ Resistivity, susceptibility, specific heat and magnetization measurements on single crystals SmPbs, SmPd3
and SmTIlg are performed. The phase transition of the antiferromagnet, SmPba, is of first order at 5.1 K. SmPd3
shows an antiferromagnetic ordering at 1.36 K. SmTl; behaves as a ferromagnet with Tc =8.6 K. The ground states of
Sm3* (J= 5/2) ions in these Sm-compounds are T's quartets.

Recently, study of the valence fluctuation in the
4f electron system has been rapidly growing. In par-
ticular, many cerium compounds, having simple con-
figuration of 4f° and 4f', exhibit anomalous physical
properties which can be considered as the characteris-
tic of Kondo lattice. In contrast, the Kondo systems
containing rare earth with many 4f electron(hole) of
shells are exceedingly rare and, as a rule, poorly doc-
umented. Considering the same value of J = 5/2 in
Ce** and Sm®* ions, it is worthwhile to perform ex-
periments on Sm-compounds and compare with the
isomorphous Ce-compounds systematically in order to
clarify the effects of Crystal-Electric Field (CEF) on
the ground state properties of Kondo ions.

It is well known that both CeX3 and SmX3 (X = Pd,
In, Sn, Pb, TI) have the cubic AuCus structure [1].
There have been many detailed studies on magnetic
and transport properties of the AuCus structure Ce-
compounds except CeTls. The series of CeX3 (X = Pd,
In, Sn, Pb) show various interesting characteristics of
dense Kondo behaviour. On the other hand, only a few
studies have been done on the SmX; (X = Pd, In, Sn,
Pb). The magnetic susceptibilities of SmX3 (X = Pd,
In, Sn, Pb) have been reported by several authors and
are believed to be antiferromagnets with ITn =16 K,
11 K and 6 K for SmIns, SmSn; and SmPbs, respec-
tively [2, 3, 4]. The magnetic phase transition has
not yet been observed on SmPd; at low temperature
range, namely down to 2 K [5]. However, there was
not any experimental study of SmTl; and CeTls. It is
previously reported by us that SmSns and SmiIng are
antiferromagnets accompanied with the quadrupolar
orderings and the ground states of Sm®* ions are I's
quartets [6]. Furthermore, as the first examples in Sm-
compounds, SmSng and Sminz show a kind of dense
Kondo behaviour. In this paper, we will present the ex-
perimental results on SmPbs, SmPda and SmTls and

_compare them with those of SmSn; and SmlInj;. Here,
all the samples used were single crystals prepared in
the sealed Mo crucible by the Bridgman method.

The results of specific heat measurements of SmPbj,
SmPdz and SmTI; in the temperature range of 0.6 K
to 20 K are shown in figure 1. The very sharp A-
type anomaly for SmPbs indicates that the magnetic
phase transition is of first order. The peak observed
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Fig. 1. — The specific heats C vs. temperature T for SmPbs,
SmPdg and SmTl;.

for SmPdj3 at 1.36 K correspond to the magnetic phase
transition. For SmTIl3, two peaks in the specific heat
occur at 8.6 K and 5.4 K. The former peak corre-
sponds to Curie temperature. At present, the ori-
gin of the latter peak is not clear. The specific heats
at lowest temperature show the Fermi liquid-like T-
linear behaviours with the large «-values, v = 100,
280 and 200 mJ /mole=|=K2 for SmPb3, SmPd; and
SmT1l;, which have similar values to those of SmSns
and Smlng. To compare the specific heat of SmTls
with the isomorphous Ce-compounds, we also mea-
sured the specific heat of CeTls and found a peak
at T = 3.4 K. The magnetic entropies are obtained
by subtracting the specific heats of LaPbs, LaPds
and LaTls from those of SmPbs, SmPd; and SmTls.
Above their magnetic phase transitions, the entropies
for SmPbs, SmPds and SmTIl3 increase nearly up to
RIn 4, are the same as those of SmSn3 and Smins. The
temperature dependence of the entropies suggest that
the ground states of CEF splitting J = 5/2 level are
I's quartets. However, the I's quartets ground levels
are most clearly shown by the strong Curie-like soft-
ening of the ultrasonic velocities, or the elastic con-
stants of SmPbs, SmPds and SmTIz [7]. On the other
hand, the entropy of CeTls only reaches nearly R In 2
up to 10 K in agreement with a I'z (doublet) ground
state. Indeed, it was known that the AuCus-type Ce-
compounds, i.e., CePbs CePds, Celns and CeSns, are
T'7 ground states in the cubic crystal field.
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The temperature dependences of the magnetic sus-
ceptibilities are measured between 2.0 K and 300 K.
We have analysed the susceptibility data of SmPbsg,
SmPd; and SmTi; (corrected for non 4f contribution,
individually) in order to dertermine the ground states
and to estimate the CEF splittings of Sm®* ions. The
expression for 4f susceptibility in the presence of ex-
change and excited multiplets has been given by De
Wijn et al. to be

Xa/ NB=Y p (D) |3 +9] -
J
2J; (f—l)a
e {seo [ )

—-1
e (gr=1)%a ]

x{l 3 ;p(J)[ o ! } (1)
where the symbols have the same meaning as in refer-
ence [8].

In the first approximation the effect of the cubic
crystal field acting on Sm®* can be included by multi-
plying the first 7~ term in the J summation of both

numerator and denominator of equation (1) by the fac-
tor [9]

F(T) [5+26e7+
+(32/z) (1-e7)] /21 (1+277) (2)

where z = W / KT and W is the energy separation be-
tween the doublet and the quartet energy levels, and
has a sign which is positive if the doublet lies low-
est and negative if the quartet lies lowest. Figure 2
shows the best fits to x4y obtained using the follow-
ing parameters: Jg = —33+4, -2+ 1, 6+ 2 and
W = —60+5, —50 £ 5, —150 & 10 in Kelvins for
SmPbs, SmPds and SmTls. The negative values of Jg
for SmPb; and SmPds indicate that the phase transi-
tions are antiferromagnetic orderings. The magnitudes
of CEF splitting obtained from susceptibilities are sim-
ilar to those analyzed from the ultrasonic velocities [7].
Furthermore, the I's — I'; splitting of SmPbs is about
60 K in full agreement with the variation of CEF pa-
rameters thronghout the RPbs series [10]. Such varia-
tions of CEF parameters are also observed for SmSns
and SmInz throughout the RSnz and RInj series. It is
to be noted that the saturation magnetic moment of
only =~ 0.08 up is very small in comparison with the
value expected for the I's ground state of Sm®** ions.
“The reduction of the magnetic moment residing on the
samarium is not clear at present but seems due to the
Kondo Effect. , v :
Finally, the electrical resistivities of SmPbs, SmPd

and SmTl; are reported. The anomalies observed for
SmPbs and SmTl; at 5.1 K and 8.6 K correspond to
the magnetic phase transitions, respectively. However,
the Kondo behaviours are not clearly observed like in
SmSnjs. The temperature dependence of the resistivity
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Fig. 2. — The temperature dependence of magentic suscep-
tibilities (corrected for non 4f contributions) for SmPb; (),
SmPd3 (A) and SmTIz (o). The full lines are the best fits
to X4¢ of SmPbg, SmPd3 and SmTl3.

is not so impressive and this may be dominated by the
Kondo scattering mechanism for samarium compounds
given by us [11].

In conclusion, the magnetic properties are studies
on the single crystals SmPbz, SmPd; and SmTl3. It is
found that SmPds shows an antiferromagnetic order-
ing at T = 1.36 K. SmTIl3 undergoes a ferromagnetic
phase transition with 7. = 8.6 K. The CEF ground
states for SmPb;, SmPds; and SmTl; are I's quartets
as in SmSng and Smlng. Indeed, the experimental re-
sults for SmPbg, SmPds and SmTI; agree better with
T's lower than I'; which again agree with the predic-
tion of the point charge model for a fourth degree term
{a sixth degree term has no effect on the lowest multi-
plet).
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