Journal of

ALLOYS
AND COMPOUNDS

ELSEVIER Journal of Alloys and Compounds 408-412 (2006) 238—240

www.elsevier.com/locate/jallcom

Pressure effect for metal—-insulator transition
in filled skutterudite SmR4IP;

A. Miyake?*, I. Ando?, T. Kagayam4, K. Shimizu?, C. Sekin®, K. Kihou®, I. ShirotanP

2 KYOKUGEN, Research Center for Materials Science at Extreme Conditions, Osaka University, Machikaneyama 1-3, Toyonaka, Osaka 560-8531, Japan
b Faculty of Engineering Science, Muroran Institute of Technology, Mizumoto 27-1, Muroran, Hokkaido 050-8585, Japan

Available online 24 June 2005

Abstract

We have measured the electrical resistance of the filled skutterudite SmRuhich exhibits a metal—insulator (MI) transitiorfaf = 16 K,
at high pressures up to 15 GPa. With increasing pressure, the semiconductor-like resistance was suppressed. We observed metallic behay
in the resistance above 3.5 GPa, while semiconductor-like increase of the resistance was observed below 2 K. Two characteristic anomali
belowTy,, a peak and a kink in the resistance curve, are observEdaatd7>.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Twi was suppressed, and then a superconducting transition
was observed above 12 GR&,11] There is a significant dif-
Ternary metal pnictides with the general formula;XT> ference between PrRB12and SmRyP12. SmRuyPi 2 clearly
(R=rare earths; T=Fe, Ru and Os; X=P, As and Sb) crys- shows a magnetic anomalyzyj [7] in contrast to PrR4P; .
tallize with a filled skutterudite-type structuf#,2]. Filled A double peak of specific heat was observed in magnetic

skutterudites have been the subject of interest due to theirfields[12]. The temperature derivative of the electrical resis-
physical properties at low temperature, such as supercon-ivity d o/dT and magnetizationMd/dT exhibit two anomalies
ductivity, semiconductor-like behavior, magnetic ordering, at the same temperatures as the peaks of specific higat,
heavy-fermion behavior and metal—insulator (MI) transition and lower temperaturg* [12,13] The successive transition
[3-7]. These novel physical properties may originate in the and B—T phase diagram are similar to those of £EB}],
cooperation or competition between Fermi surface instabil- which show an antiferro-quadrupolar (AFQ) ordering. The
ity and the orbital degree of freedom coupling to a local magnetic entropy estimated at zero magnetic field reaches
distortion. Studying these compounds, which have the sameR In 4 belowTy, [12]. This suggests that the crystalline elec-
structure and various physical properties can help lead to atric field ground state in cubic symmetry is a quartet, which
systematic understanding of the origin of the strongly corre- has magnetic and orbital degrees of freedom. This ground

lated electron systems. state is different from one of PrRBy» with a doublet ground
PrRwP;2and SmRyP12show a Ml transition, whichhave  state.
the transition temperaturgy, =62 and 18 K, respectively The origin of MI transition in SmR4P;, is considered

[6,7]. The origin of the MI transition of PrRilP;» is neither to be due to structural change, such as RARu [9], or
due to magnetic ordering nor charge ordering, but due to a AFQ ordering[12,13] No phonon peaks appear bel@
structural phase transitide,8,9]. Under high pressure, the by infrared spectroscopy of Smii 2, suggesting that the
semiconductor-like electrical resistance of PRy below MI transition is not driven by a structural chang®]. Elas-
tic constants of SmRyP12 show softening al [16]. This

* Corresponding author. Tel.: +81 6 6850 6677; fax: +81 6 6850 6662.  P€havior is not consistent with the typical AFQ ordering,
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[17]. From these facts, it is considered that the MI transition
of SmRwP12 is not due to an AFQ transition. The transition
of SmRwP;2 at T\ is needed to be reconsidered.

Ultrasonic measurements revealed that the value of bulk
modulus of SmRyP12 is 120 GPa[16], which is smaller
than the value, 207 GPa of Pri®4, [10]. From these facts,
we expect the larger pressure effect for the Ml transition in
SmRwP12 than one for PrRyPyo.

To investigate, the Ml transition of Smig®y 2 in the filled
skutterudites, we performed the electrical resistance mea-
surements at low temperature down to 0.1K and at high
pressures up to 15 GPa.

2. Experimental

The single crystal of SmR&1> was synthesized by
Sn-flux method. The electrical resistance measurements of
SmRuP12 were carried out by an ac four-probe method at
temperatures down to 0.1K and at quasi-hydrostatic pres-
sures up to 15GPa. We used a diamond-anvil cell (DAC)
made of non-magnetic Be—Cu alloy as a high-pressure appa-
ratus. For electrical resistance measurements, the Be—Cu
metal gasket was covered with a thin c-BN layer for elec-
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Fig. 1. Temperature dependences of electrical resistance of §mRunder
several pressures. The arrows shtyy, 71 andT>.

trical insulation. The pressure chamber has a cylindrical jike a semiconductor. The increase Rfbelow 75 is sup-
Shape W|th about 0.1 mm Iength and 0.3mm in diameter, pressed with pressure.

which is the hole of the insulated gasket. The sample was
cut into a rectangular shape of 0.2 mn®.1 mmx 0.05 mm
and attached with four gold wires (10n in diameter) as

Fig. 2 shows the temperature dependence of the nor-
malized electrical resistanc&®/Rsok below 50K and at
pressures of 3.5 and 11.5GPa. The anomaly ofRhat

electrodes. The chamber was filled with NaCl as a pl’essure—TMl is broadened aanI increases at h|gher pressure. The

transmitting medium. The absolute value of the electrical peak of theR just be|0wTM| is Suppressed with pressure.
resistivity was not determined due to the small size of At 11.5GPa, the minimum oR(7) is not observed. At
the sample. The pressure was applied at room tempera-5Gpa, the maximum at(7) below Ty is not observed,

ture and calibrated at 77 K by a standard ruby fluorescencegs shown in the inset dig. 2, thereforeTy is not able to be
method. The DAC was assembled on the mixing cham- getermined.

ber of a3He/*He dilution refrigerator and cooled down
to 0.1K.

3. Results

The temperature dependence of the electrical resistance,
R(T), at several pressures is showrFig. 1 The resistance
markedly decreases with increasing pressure, however, it is
considered that the measumthay include the contact resis-
tance between sample and electrodes, therefore this decrease
is not intrinsic. At 1.2 GPaR(T) shows a minimum at around
50K and increases at lower temperature. These behaviors
may be due to the Kondo effeff]. With increasing pres-
sure, the temperature of the minimum Bf7) decreased.
The R below Ty was remarkably suppressed, and a broad
peak and a bend & were observed above 3.5 GPa as shown
with arrows inFig. L We defined the characteristic tempera-
tures ag; andT> at the temperatures which the anomalies of
R(T) were observed. Betwedn andT», R(T) above 3.5 GPa
showed metallic behavior. Belofs, R markedly increased
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Fig. 2. Temperature dependence of the normalized resist@fitg« at the
pressures 3.5 and 11.5 GPa. The inset showR({Hecurve around’y, ata
pressure of 15 GPa.
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Fig. 3. Pressure dependencelji, 71 andT,. (®) ShowsTy, at ambient
pressure from ref7]. The dashed lines show guides to eyes.

4. Discussions

The pressure dependenceTjfy, 71 and 7> are shown
in Fig. 3 Tw increases with 60% at 15 GPa, in contrast to
the case of PrRylP12 in which the change iy was less
than 10%[10,11] The pressure effect on the MI transition
of SmRuyPy» is larger than that of PrRe12. T> gradu-
ally decreases with increasing pressure. We expectTthat
decreases and becomes 0K at higher pressure than 15 GP
and then SmR4P1> shows a new phase transition, such as
superconductivity like PrR4iP2.

A similar behavior ofR(7) just belowTy; of SmMRwP12
was also observed in Gdiey 2 and TbRYP12, which exhibit
antiferromagnetic ordering & =22 and 20 K, respectively
[4]. The origin of a sharp increase of the resistivity just below
Tn inthe Gd and Th compounds may be due to nesting of the
Fermi surfacd4]. It is expected that PrR@12, SmMRuP;2,
GdRwP12 and TbRyP;2 have almost the same Fermi sur-
face because valence fluctuations are very wWgak In the
case of PrRyP12, itis considered that a local distortion plays
aroleinthe Ml transitiofil8,19]. A similar change is consid-
ered in the Ml transition of SmR®12. The local distortion of

SmRu P12 may be suppressed under the high pressure, there-

fore similar behaviorin GdR4lP12 and TbRYP;2is observed.
The origin of the anomaly &f is unclear. The incre-

ment of theR below 7> was suppressed with pressure,

however it was still observed at a pressure of 15 GRBa.

slightly decreases with pressure. These behaviors are sim-

ilar to the MI transition in PrRyPi2. Ty of PrRwPi2

d
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to 15 GPa and at temperatures down to 0.1 K. Above 3.5 GPa,
a maximum and a kink are observed at the temperafires
andT>», respectively. In a temperature range betwggand

T», theR(T) shows a typical metallic behavior. Beldf, an
increase of th& was observed, and theis suppressed with
increasing pressure. At higher pressure, the increa® enafy
disappear, then SmRB;2 shows typical metallic behavior at
low temperature.
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