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High-temperature superconducting YSKLCu;0- 5 under pressure
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The transition temperatureT{) of the high-temperature superconductor X8O, 5 under hydrostatic
pressures up to 1.7 GPa has been measuredT Jivas observed to increase from 62.6 to 67.8 K. Such a large
positivedT,/dP of ~3 K/GPa is in strong contrast to that expected from the heavily doped nature of the
sample, as suggested by the thermogravimetric and thermopower measur¢8&18-18208)05841-X

. INTRODUCTION into cylinders of 4 mm2 X7 mm. The pellets were wrapped
with gold foil and loaded into the sample chamber of a Rock-
The physical properties of cuprate high-temperature suand Research piston-cylinder high-pressure rig, using MgO
perconductoryHTSr’s) have been shown to depend criti- a5 a pressure medium, and a graphite furnace. The pellets
cally on their carrier concentratiofp), induced by cation were pressurized t&-3 GPa and heated to 1000—1050 °C for
and/or anion doping.A compound is known as optically 2_8 h before being quenched to room temperature.
doped whenp=p, where itsT; is maximum, underdoped  The structure of the sample was characterized by powder
when p<p,, or overdoped whep>p,. The underdoped x-ray diffraction (XRD) using a Rigaku D-MAX/BIII dif-
HTSr's are suggested to be a “strange” metal that defiegractometer with the QiK,) line and the composition by
description of the Fermi-liquid picture, and the overdopedjapan Electron Optics Laboratory energy dispersive x-ray
ones to be a “normal” metd.While extensive studiésn  analysis(EDAX). The oxygen conteny in YSKLCWO, is
the Underdoped HTSr's reveal various anomalies in both thgetermined by using thermogra\/imetric anab(gT@A) ém_
normal and superconducting states of the compounds, dafloying a TA Instruments Thermal Analyst Model 2100. The
on overdoped HTSr’s are sparse. Therefore, it would be inthermopower measurement was made using a high-precision
teresting to find and study high quality samples of overdopegechnique previously developédihe superconducting tran-
HTSr's. sition at ambient was determined resistively by the standard
It was demonstrated a few years ago that )C850,  four-lead method using a Linear Research LR-400 bridge
(YSCO), isostructural to YBgCu;O, (YBCO), forms only  and magnetically using a Quantum Design superconducting
under high oxygen pressuter at ambient pressure in air by quantum interference device magnetometer. Under pressure,
the partial substitution of Cu in the CuO chain in YSCO by the transition was determined resistively. The high-pressure
elements of valence greater tha2.* In view of the similar  environment was generated by the modified clamp technique
chemical and structural characteristics of YSCO and YBCOinside a Teflon cell housed in a Be-Cu cylindausing the
the presence of a high oxygen partial pressure during thgm fluorinert as the pressure medium. The temperature was
formation of YSCO suggests that the YSCO sample so predetermined by an alumel-chromel thermocouple and the
pared may be heavily overdoped. pressure by a superconducting Pb manometer; both were
We have therefore synthesized ¥Suz0; 5 under a high  situated next to the sample inside the high-pressure cell.
pressure of 3 GPa at1050 °C and studied the pressure
effect on itsT, up to 1.6 GPa. We found that thE, of
Y Sr,Cu;0; 5 increases with pressure at a large rdf€, /d P, IIl. RESULTS AND DISCUSSION
of ~+3 K/GPa, similar to an underdoped HTSr but in con-
trast to the heavily overdoped nature of the sample based on The XRD results show that all YSCO samples, with an
the thermogravimetric and thermoelectric poWEEP) mea-  oxidant KCIO; to YSKL,Cu;Og 5 molar ratio 0<x<2 made
surements. The implications of this observation will be dis-under 3 GPa at 1000-1050 °C, contain mainly the
cussed. YSr,Cu;0, phase with varying small amounts of oxide im-
purities, as exemplified in Fig. 1 fox=0.45. The cation
composition of Y:Sr:Cu from EDAX measurements is
1:2:(2.9-3 across the YSCO grains. It is interesting to note
The samples were prepared by thoroughly mixing pow-that the YSCO sample prepared with lowdisplayed a cer-
ders of Y,05 (99.5%), SrO(99.5%, and Cu0(99.95% with  tain degree of orthorhombicity which decreases to zero with
the cation ratio Y:Sr:Ce 1:2:3. Thepowder mixture was increasingx, as evident in inset of Fig. 1 where the ortho-
heated in an alumina crucible &980 °C for 60 h in a flow- rhombic (200 and (020 lines merge into the tetragonal
ing O, with several intermittent grindings to form the pre- (200 line with increasingx. A similar orthorhombic to te-
cursor. Such a high-temperature heat treatment was showtragonal transition withx was also observed in YBCO
to minimize the C contamination from the air. The precursorpreviously?3 The purest samples were obtained for 0.45.
was then mixed with the oxidizing agent KGJ@h a molar ~ The lattice parameters for these samples waere3.795 A
ratio of KCIO,:YSK,CsOgs=x for 0<x<2, and pressed andc=11.38 A, in agreement with the previous repdrts.

Il. EXPERIMENT
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FIG. 1. XRD using the C{K,) line for YSr,Cu;0, with molar 50
ratio of KCIO;:YSr,Cu;Og5=x=0.45. Inset: thg200 and (020 T (K)

lines for variousx's. A: 0; B: 0.03; and C: 0.45.

FIG. 3. Normalized resistance vs temperature at different pres-
sures for YSjICWO; 5 1: 0 GPa; 2: 0.93 GPa; and 3: 1.68 GPa. The
midpoint transition temperaturd () is defined at the temperature at
50% of the normal state resistance.

Therefore only samples synthesized witk 0.45 were ex-
amined in this investigation.

TGA data give an oxygen contemt=7.5+0.2 in our
samples as prepared witk=0.45. This suggests that the

YSCO sample is heavily overdoped, since the optimal dop_sistively above the superconducting transition which is be-
ing of y, is ~6.95 for YBCO. The TEP measurements pro- tween 64 and 59 K with a tail to 54 K. Under pressure the

vide a value of-2.6 mV/K at 290 K, showing again that the supercqndl_Jcting transi_tion _is shifte_q upward in paral_lel as
sample is overdopetalthough not so heavily doped as com- Shown in Fig. 3. The midpoint transition temperatuig)(is
pared with they=7.5 suggests. plotted as a function of pressure in Fig. 4, showing a lir¢ar
The YSCO samples prepared by the high-pressure synth&€pendence of; at a rate of+3 K/GPa.
sis technique usually display a small Meissner volume frac- A universal quadratip dependence of . has been pro-
tion of only a few percent in an external field of 1 f. posed for HTSr's,i.e, Tc=T¢®{1-a(p—p,)?], whereT¢"™
This has been attributed to the possibly low carrier concenis the highestT. when the HTSr is optimally doped at
tration of the compoun@i.By minimizing the C contamina- =P, andais a constant which determines the doping range
tion through high-temperature heating the starting materialgvhere superconductivity occurs. Based on thigp) rela-
and adjusting the synthesis conditions, a Meissner volum#on, various phenomenological modélsvere advanced to
fraction of =15% with an onset transition at 63.5 K was account for the pressure effect dgof HTSr's. By assuming
achieved in our samples at 0.5 niffig. 2). A volume frac-  that P affects only p via P-induced charge transfét,
tion >50% was detected by reducing the measuring field tsiT./dP is expected to be positive whegn<p,, zero when
below 0.1 mT. This suggests that the previously observe@=p, and negative whep>p, . This seems to agree quali-
low volume fraction can be attributed to the pinning in thetatively with earlier studies. However, later investigations
samples. showed that, even for optimally doped HTSr&T./dP is
The YSCO samples as synthesized behave as a metal neonzero and positive. By allowing to influenceT{® at a
rate of dT¢@YdP=0.96 K/GPa via a channel other th&
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FIG. 2. Field-cooled magnetic susceptibility in 5 Oe vs tempera-
ture for YSpCuzO; 5. FIG. 4. The midpoinfTl; vs pressure for YSCu;0; 5
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induced charge transfef, the T(P) behavior of asYSgCu, ,C,0;s It should be noted that neither K nor Cl
YBa,_,La,Cu0; and (Y;_,Ca)Ba,CusO; over a fairly was detected in the YSCO grains. Assuming that the maxi-
wide doping range was understood. ¥Su;0, is isostruc-  mum possible Cu deficiency is due to C contamination, i.e.,
turally and chemically similar to YBCO; one would there- z=0.1, and that the C distributes itself uniformly in the
fore expect the similar model applicable to YSCO, i.e.,sample, it gives a C/Gu1/29, in agreement with our gas-
dT./dP is negative or if positive should be small effusion cell measurements, corresponding to thelO
(<dTM™YdP) when YSCO is heavily doped, as indicated by member of the YSCO oxycarbonate. The average Cu valence
the TGA and TEP data. Unfortunately, the obserddg/dp ~ in the sample remains to be an overdoped value+@6
of YSI,CwO, 5 is +3 K/GPa which is three times the value = 0.1, in comparison with the optimal value f2.33 for
of dT™YdP proposed for the YBCO systetf Three possi- YBCO. For the Cu valence in the oxycarbonate
bilities arise for the observatioril) the YSCO samples ex- Y >"2Cls-2C;075t0 be less thant-2.33 and therefore to be
amined are not overdoped) the dT™/dP of YSCO is underdopedz has to be greater than 0.6. It has been shHéwn
much larger than that of YBCO, ari@) tche pressure-induced that oxycarbonate YSCO is not superconducting, even with a
charge-transfer model is inapp,ropriate in this case smallerz= 0.4 which results in a lattice parameteas small
Previous studies revealed that C can ente@S 11.185 A. Increasing the oxygen content of such a
the YSCO (YBCO) lattice by replacing all Cu in the >0.5 compound is expected to further redec®n the other
CuO chain for everyn CuO chains to form at ambient rland, ozr YSiCu07 5 is superconducting and has @
pressure the oxycarbonate St Cls, 1(CO3)Orn s =11.38 A. Therefore, Y§_Cu307_5 must contaire<0.4 and
[Y,Bay,Cls, 1(CO)Oy, 5] (Ref. 13 or by replacing part cannot be changed from its overdoped state to an underdoped
n n n— n— . . . . . . . .
of the Cu in the CuO chain to form also at ambient pressurétall.tg by C mcr:]orporauon, prow%ed that;hle ionic model s still
YSEL.Cla (CO).0- - [YBa-Cla (CO).O- -1 (Ref. 1 valid for each O atom to provide two holes ny_I>7.
Whi(Z:hLiz ;E:tucaﬁl); tr71eZdEsordzer;3d=Z§/zorﬁém7bezr] cgf the p?e- It was shown prewous.ly_ that the pressure induced charge
vious homologous series. The incorporation of C into yscofransfer depe”‘fg’ on the filling of the O sites in the CuO chain
(YBCO) results in a substantial reduction in tbaxis of the Iayer(;pﬁYBCOf. ForhYerS%dow ;cjhe O-site f'(lj“”r? cafn beh
basic orthorhombic cell, the formation of superlattices and €'Y different from the underdoped YBCO and therefore the
great suppression df;. It also leads to a reduction of hole pressure induced c_:r_\arge transfer may not play an m_portant
concentration for a fixed oxygen content and the reductioﬁo_le' The large posmvdTC/(_jP obse_rved must be_a;souated
increases rapidly with the C content. This may be respon\-"’Ith fgc_tors other than carrier densi‘t@Whethgrtms Is char-
sible for the absence of superconductivity in the YSCO oxy-aCterIStIC of an overdopedl H;’Sr or sEeuf!lc to ove(rjdop%d
carbonates even after annealimga 5 MPa Q atmosphere, YSCo remains —unresoived. A cavily —overdope
previously reported? Although the XRD data showed that YB&CUOrslis being prepared and investigated.
the structure of YSCu0,5 was tetragonal, witha
=3.795 A andc=11.38 A, and the EDAX results gave a
cation ratio of Y:Sr:Ce1:2:(2.9-3.0) within our resolu- This work was supported in part by NSF Grant No. DMR
tion of a few percent, a small amount of C contamination95-00625, EPRI RP-8066-04, T. L. L. Temple Foundation,
cannot be excluded in our samples which may be expressethd the John J. and Rebecca Moores Endowment.
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