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Transport properties of the spinel superconductor CuRh »S, under pressure
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We have carried out the specific heat and electric resistivity measurements of the
chalcogenide-spinel compound CuiShunder the hydrostatic pressures up to 8.0 GPa, and found
out the pressure induced superconductor-insul@brtransition atPg, in between 5.0 and 5.6 GPa.

The value of superconducting transition temperatiige which is 4.7 K at ambient pressure,
increases up to 6.4 K at 4.0 GPa and turns to decrease with pressurization. With further
pressurization, the abrupt loss ©f occurs atPg, and the system becomes an insulator2@5
American Institute of PhysicfDOI: 10.1063/1.1854251

I. INTRODUCTION pulse method. Electric resistivify was measured by a stan-

The appearance of unusual physical properties on thgard four-probe method in. the Femperature range betvv_een
chalcogenide-spinel compounds with general formula .2 and 300 K. A cubic anvil device was used for generating

AB,X,, such as the magnetic orderihghe metal-insulator P'€SSUre up 0 8.0 GP&.
transition>® and superconductivity,attract considerable in-
terest and have potential of the technological applicationsy; RESULTS AND DISCUSSION
The chalcogenide-spinel compounds have the normal-spinel . i o i
. . A. Specific heat and electric resistivity at ambient

structure (space groug=d3m) where theA and B cations ressure
occupy the tetrahedral and octahedral sites surrounded by tlﬁ)e
X anions, respectively. The ternary spinel compounds Figure 1 shows temperature dependence of specific heat
CuRh,S, and CuRBSe, show superconductivity af,=4.7  devised by temperatu@y(T)/T of CuRhS, as a function of
and 3.5 K, respectivel‘yln contrast, CuyS, has a metal- T2. A jump in specific heat\C is observed at the supercon-
insulator transition at 226 K due to the unusual chargeducting transition temperaturg,=4.6 K. The low tempera-
ordering® although the value of the lattice constamtof  ture part of specific heat in the normal state is well fitted by
Culr,S, (a=9.847 A is between that of CuRB, (9.787 &  DebyeT? law: Cp(T)=yT+BT? as shown by the solid line in
and of CuRBSe, (10.269 A). This situation makes us imag- Fig. 1, where first and second terms are the contribution from
ine that compression gives rise to huge influence on transpoglectronic and lattice on the system, respectively. We esti-
properties of this system. mated y=22.93 mJ/K mol and 8=1.00 mJ/K mol, which

In this paper, we report that specific heat and electric
resistivity of CuRRS, under the hydrostatic pressures, and
by compression, CuBB, changes abruptly from the super-
conductor to insulator at pressure between 5 and 6.5 GPa.

Il. EXPERIMENT

The samples of polycrystalline CuR3)y were prepared
by a direct solid-state reaction. The stoichiometric mixture of
fine powders of C1{99.999%, Rh(99.9%), and S(99.999%
was kept at 850 °C for 10 days in a sealed quartz tube. Then,
the powder specimen was ground, pressed into the pellets,
and sintered at 1000 °C for 3 days. All the processes of
sample preparation were carried out in a glove box filled
with purified argon to minimize oxidation of the pellet. The
single-phase spinel structure of the samples was Conflrmequ. 1. Temperature dependence of specific heat divided by temperature

by powder x-ray di_ﬁraCtion method. Spe_‘CiﬁC h@ m‘?a' Cp/T of CuRhS, as function of T2 The inset shows the plot oEp as
surement was carried out by a conventional adiabatic heatunction of T.
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FIG. 2. Temperature dependence of electric resistigify) of CuRhS, insulator transition is expected to lie at the hutched area.
between 4.2 and 300 K at ambient pressure. In the inset is expanded plot
aroundT..

pressure.p(T) shows insulatorT dependence defined as
dp(T)/dT<0 in whole temperature range and no trace of the
T.. The prominent feature of this data is the evolution of the
p(T) at low temperature range. The value at 10 K, for ex-
ample, is enhanced by seven orders of magnitude due to
pressurization from 0.1 MPato 8 GPa. This pressure re-
sponse is highly anomalous. Compression usually gives rise
to reduction in resistivity in many materials and in some it
gives rise even to superconductith@,because overlapping

f electronic wave functions among neighboring atoms is

are close to the values reported by Hagetoal* From the
value of 8, we obtained the Debye temperat#e239 K by
using the relation3=127nNykg/56°, wheren is the number
of the atoms per formula uniin=7 in this system N, is
Avogadro’s number, andg is Boltzmann's constant. The
normalized specific heat jumpC/ T, is 2.13 which is con-
siderably larger than the BCS prediction of 1.43. Tempera
ture dependence of electric resistivigyT) of CuRhS, be-
tween 4.2 and 300 K at ambient pressure is shown in Fig. Z: )
p(T) shows metallic dependence defined @&T)/JT>0 promoted by compression. . -
aboveT.=4.7 K defined by the onset of the resistance drop. The pressure de-pendencesil'ghn(.jT are .shown In Fig. .
A residual resistivity at 4.8 K and residual resistance ratio4' The value ofT, increases W'th, Incréasing pressure in
are 12.64Q cm and 36.5, respectively. lower pressure range as reported in a previous work carried
out below 2 GP4, but that reaches a maximum value of
6.4 K at 4.0 GPa and then it starts to decrease. The abrupt
loss of T, occurs atPg, in between 5.0 and 5.6 GPa whéfe
Figure 3 shows(T) at the various pressures. The varia- has a minimum value, and the ground state of CifRh
tion of p(T) above 3.0 GPa is complicated, although that ischanges from superconducting to insulating. That is, pressure
monotonic in lowP range. A hump appears ip(T) above  induced superconductor-insulaté8l) transition occurs at
3.0 GPa at around’, which is indicated by arrows in Fig. 3. Pg. We suppose the Sl transition presumably results from
For 3.0<P<5.0 GPa, with increasing pressufE de- the disappearance of carriers at the MI transition between 5.0
creases. The sign @p(T)/JT changes from negative to posi- and 5.6 GPa. The mechanism of the MI transition is still
tive at T" with decreasing temperature. As far@3) shows unclear in the present case.
a metallicT dependence, the superconducting transition oc-  We discuss the two possibilities of Ml transition Rg,.
curs. In contrast, above 6.5 GF&,increases with increasing One is due to the charge ordering of mixed valence Rh ion.
The Rh ions, which occupy the octahedral sit8ssites,
exist as RA* electronic configuration ofd®dy” ) and RH*
(4de>dy®) in the CuRBS, like the Ir ion exists as &
(5debdy®) and IF* (5de°dyP) in the isomorphic compound
Culr,S,. Therefore, both the compounds have almost the
same electronic structure. As the temperature decreases,
Culr,S, shows a transition from a metal to an insulator at
Twi =226 K due to charge ordering of’frand I#*, and a
structural change occurs from cubic to triclinic symmetry
with a volume contraction of 0.7%This suggests that the
triclinic insulator phase is preferred under pressure; indeed, it
: ; : has been reported thdi, increases by pressurization of
0 100 200 300 Culr,S,. X If we assume the same mechanism, CyfRh
T (K) however, does not exhibit the Ml transition at ambient pres-
FIG. 3. The semilogarithmic plot gf(T) at various pressures up to 8.0 GPa sure, and RIf and RH* charge ordering can be induced by

in the temperature range from 4.2 to 300 K. The arrows show the charad®f€ssure. In this case, the lattice changes fro_m. CUbiC_ to _te-
teristic temperaturd”. tragonal by compression. Another possible origin, which is

B. Electric resistivity under hydrostatic pressure
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not accompanied by a lattice change, is the modification ofluctivity vanishes suddenly &g, around 5.3 GPa. The Sl
the band structure by compression. The fcc-Yb is known tdransition occurs in concurrence with a metal-insulator tran-
be a material in which compression induces a semimetalsition induced by pressure.

insulator transition without change of lattice symméfr‘y".he
transition is ascribed to the formation of an energy gap be-
tween two bands, both of which originally cross the FermiACKNOWI‘EDGMENTS

level in the semimetallic phaééAccording to the study of This work was partially supported by the Grant-in-Aid
band calculation for the CuRS,,* the metallic conduction for COE ResearckGrant No. 13CE2002 the Scientific Re-
is due to the two holes per unit céwo moleculesin the  search(Grant No. 16740205from MEXT of Japan, and an
two branches which cross the Fermi level. Althoughaid fund from Energia, Inc.
CuRhS, is a good metal, an MI transition of the kind ob-
served in the semimetal fcc-Yb may be expected if the two'F. K. Lotgering, Philips Res. Repl1, 190 (1956.
bands near the Fermi level are sensitive to pressure. ’S. Nagata, T. Hagino Y. Seki, and T. Bitoh, PhysicalB4-196 1077

In order tq .clarify the me_cha_nism of the pressure in- 3893.4’%%6““ al, Nature(London 416 155 (2002.
duced Sl transition on CuR§,, it is important to investigate 1. Hagino, Y. Seki, N. Wada, S. Tsuji, T. Shirane, K. I. Kumagai, and S.
whether there is a structural change which is induced bysNagE:I}a_, Phys. Rev. B1, 12673(1995. _
compression. Although we have checked that there was nogh'V'O”;DY-togai’gfznag';;akahasr‘h Y. Haga, and T. Suzuki, Jpn. J. Appl.
pressure-induced structural change in 300 K by the micro-eJ_ I)—/|Sor| gr Iw.;lta, H. Kuri;saki, F. Nakamura, T. Suzuki, and T. Fuijita, J.
Raman spectroscopy measurement under pressure up t@hys. Soc. Jpn71, 1346(2002.
11.7 GPd*the crystal structure analysis under high pressure’K. Shimizu, K. N. Tamitani, N. Takeshita, M. Ishizuka, K. Amaya, and S.

and low temperature is in progress. ,Endo, J. Phys. Soc. Jpil, 3853(1992.
H. Taniguchiet al, J. Phys. Soc. Jpn72, 468 (2003.

°R. N. Shelton, D. C. Jhonston, and H. Adrian, Solid State Comn2a.
IV. CONCLUSIONS 1077(1976.

10, f . .
. L. . G. Oomi, T. Kagayama, |. Yoshida, T. Hagino, and S. Nagata, J. Magn.
We have found a pressure induced Sl transition in & yagn. Mater. 140-144 157 (1995.

chalcogenide-spinel CuR§, from resistivity measurements *p. B. McWhan, T. M. Rice, and P. H. Schmidt, Phys. R&77, 1063

under quasi hydrostatic pressure of up to 8.0 GPa. As preg;(1969. _ _ _ .

sure increases, thel, value initially increases from o Sankan K'( lyakutti, and M. Dakshinamoorthy, High Temp. - High
’ ) Press. 18, 359(1986.

4.710 6.4 K and starts to slightly decrease after a broadsr ogychi(private communication

maximum is reached. With further compression, superconi™m. Ito et al, Phys. Rev. Lett91, 077001(2004.

Downloaded 27 Jun 2007 to 133.41.149.135. Redistribution subject to AIP license or copyright, see http://jap.aip.org/jap/copyright.jsp



