NMR study of magnetic properties in SmRu4P19
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Abstract

31P_NMR spectra and nuclear spin-lattice relaxation time 73 have been measured in the temperature range be-
tween 4.2 and 300 K. NMR spectrum becomes suddenly broad below metal-insulator transition temperature
(Trmr1=16.2K), suggesting that SmRus P12 shows magnetic phase transition just below Ths;. Relaxation rate 1/ Ty
obeys the exponential relation (x exp[-AE/kg T]) with AE/kp = 47 K below Tn. The NMR results around Ths

are discussed.
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The LnRusPi2 compounds (Ln = Lanthanide el-
ement) with the filled skutterudite structure have
various physical properties. PrRusPi2 and SmRuw P12
show metal-insulator (MI) transition at 61.5 K [1-
3] and 16.2 K [4], respectively. In the powder X-ray
diffraction experiment, PrRuy P12 exhibits no distinct
change of the pattern, indicating that cubic symmetry
hold below Tasr. The MI transition has no relation
to magnetic phase transition, because magnetic sus-
ceptibility shows no anomaly at Tasr. Recently, su-
perlattice structure below Th/r was found using the
electron diffraction technique. [5,6] This structural
phase transition provides some scenario of origin of
MI transition (e.g.; charge density wave transition or
antiferro-quadrupolar ordering) in PrRusP12.

On the other hand, the electrical resistivity, mag-
netic susceptibility and specific heat studies reveals
that SmRus P12 shows an antiferromagnetic transition
and a metal-insulator transition at the same tempera-
ture (16.2 K). [4] Therefore, the mechanism of the MI
transition in SmRu4 P12 seems to be different from that
in PrRusP12. In this paper, we report NMR studies for
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31P nuclei (spin 1/2) in SmRuy P12 around the metal-
insulator transition temperature.

The polycrystalline samples, SmRwPi2 and
LaRusP12, were prepared at high temperatures of
1100 °C and high pressures of 4 GPa using a wedge-
type cubic-anvil high pressure apparatus. The detail
of the preparation is published elsewhere. The sam-
ple was crushed into powder for measurements of
3'P_.NMR. NMR measurement was preformed with a
conventional spin-echo method. LaRw P12 without 4f
electrons was used as reference.

31P_NMR spectrum of SmRuy P12 were measured at
the frequency of 17.0000 MHz in the temperature range
of 4.2-300 K. Figure 1 shows T-dependence of NMR
spectrum below 17 K. In the metallic state above Ty,
NMR spectrum is very sharp with the full width of
half maximum W, /5~5 Oe. The line shape is symmet-
ric and Knight shift is isotropic, as expected from the
cubic symmetry. Below T 1, the spectrum change sud-
denly into a broad and triangular-like pattern, indicat-
ing that SmRusP12 shows magnetically ordered state
below 16.3 K (~Thr). Since the triangular pattern is
different from the rectangular one expected in the nor-
mal AF ordered state, the spin structure seems to be
complicated, such as the incommensurate ordering.
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Fig. 1. Temperature dependence of the ' P-NMR spectrum in
SmRuy P12 below 17 K.

The Knight shift, K was measured for 3'P nuclei in
the metallic state. K is expressed by the linear function
(K=Ansx) of the observed magnetic susceptibility, x,
where Ap is a hyperfine coupling constant. Ay = 2.41
kOe/up is calculated from the slope of K-x plot. It is
noted that Axy of SmRusPi2 is about nine times as
large as that (0.28 kOe/ug) of PrRusP12. [7]

Nuclear spin-lattice relaxation rate 1/T7 of
SmRus P12 was measured at the main peak in the T-
range of 4.2-300 K. Figure 2 shows 7-dependence of
1/T1 of SmRusP12 and LaRus P12, respectively. In the
metallic state, 1/T1 of SmRusP12 is almost indepen-
dent of temperature and the magnitude of 1/7; is ten
times as large as that of LaRus P12 without 4f-electron
spins. Therefore 4f-spin fluctuation contributes to the
nuclear relaxation drastically. Taking account for the
magnetic susceptibility of the Van Vleck Frank Sm3™"
above 20 K, 4f-spins are localized at the Sm ions. [4]

On the other hand, below Tarr (Tn), 1/ T1 decreases
rapidly without the enhancement around 7y due to
the critical slowing down of 4f-moments. As seen in an
insert,1/ Ty varys approximately exponentially with in-
verse temperature: 1/ 71 o« exp[-AE/kp T]. Here AE is
the activation energy and kg is the Boltzmann’s con-
stant. The AE/kp is estimated to be 47 K by the least
square fit (solid line in the insert). This energy is con-
sidered to correspond to some magnon gap energy.

In conclusion, in SmRwPi2, magnetically long-
range order below Tarr (Tn) was confirmed from the
NMR experiment under the magnetic field of about10
kOe. The relaxation behavior shows that SmRwP12
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Fig. 2. Temperature dependence of 1/T; in SmRuPi2. An
Insert shows 1/7T; as a function of inverse temperature. The
solid line is best fitted to the function of exp[-AE/kp T].

has localized 4f-character. The activated behavior of
1/T1 was observed below Tn and the energy gap of
spin excitation was estimated to be 47 K. The change
of 4f-electron state below Thsr could not be found due
to the remarkable increase of the NMR line-width.
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