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The hydrostatic pressure effects on the superconducting transition temperdiyis¢of{ the oxycarbonate
cuprates (CyisCp 5 BaCa,_1Cu,,O, [(Cu,C)-12fn—1)m], have been determined far=3 and 4 with dif-
ferent dopings ok’s. We found that, similar to YBZu;0,, dT./dP depends strongly orfor (Cu,0-1223
and increases from 0.7 to+ 1.2 K/GPa ax decreases and the compound changes from overdoped to nearly
optimally doped, consistent with the prediction of the phenomenological model on the pressure effgct on
In contrast to the predictiord T./d P depends only slightly o for (Cu,0-1234 and decreases from 0.75 to
0.6 K/GPa ax decreases from nearly optimally doped to underdoped.dihéd P difference is attributed to
the possible different electronic contribution of the CuO chains in the two compounds, as implied by the
distinct temperature dependences of their thermoelectric power.

I. INTRODUCTION such as YBCO, where the Cy@hain band crosses the
Fermi surface and contributes to the density of states.
While a commonly accepted microscopic mechanism re- The (CsCo5)BaCapm-1)CunOy [(Cu,C)-12fm—1)m]
sponsible for the occurrence of high-temperature supercor2ompound systeffi has been shown to exhibit the basic
ductivity (HTS) is still elusive, several general relationships ¢'yStal structure of the Hg-18{(—1)m but retains certain
among various physical parameters of the cuprate highf€atures of the CuO chains that exist in YBas0,. We
temperature superconductofsTS's) have been reported. have therefore decided to determine thelependences of

For inst th ducting t Ui dT./dP of (Cu,C)-12fm—1)m for m=3 and 4, and to com-
or instance, the superconducting temperature) (was pare them with predictions of the phenomenological model.

found' to depend on the carrier number per Gu®) para-  \ye found that the T, /dP of (Cu,0-1223 depends strongly
bolically, i.e., T¢(n)=T¢®{1-a(n—ng)’], where T.=T{™  onn in a fashion similar to that of YBCO, increasing from
when the compound is optimally doped with=n —0.7 K/GPa to+1.2 K/GPa when the oxygen context
~0.16 hole/Cu@, and a=82.6 which determines the su- decreases from overdoped to nearly optimally doped, as
perconducting doping range. HTS’s with<n, are known qualitatively predicted by the phenomenological model.
as underdoped, and those with-n, overdoped. A correla- However, thedT¢/dP of (Cu,0-1234 decreases slightly as
tion of n with the thermoelectric powdTEP) measured near decreases from nearly optimally doped to underdoped. The
room temperature was also obserdeptoviding a simple  difference observed idT./dP between the two compounds
secondary method to determine the doping state of a HTS.IS attributed to the possible difference in their CuO-chain

High pressure can provide an effective test for the generglectronic contributions. This is consistent with the different

ality of the above correlatidrwithout introducing chemical temperature dependences of TEP displayed by the two com-

complexities to the compound system under investigationpounds'

Several versions of the phenomenological motalve been Il EXPERIMENTAL

advanced to account for the dependence of the pressure

effect on T, (dT./dP) in terms of ann shift due to a Powders of cation oxides BaO, CaO, and CuO were thor-

pressure-induced charge-transfer based on the parabof¢ighly mixed with cation ratios of Ba:Ca:Ga 2:1.5:3.5 and
T.(n) relation described above. According to one version2:2-5:4.5, for (Cu,0-1223 and -1234, respectively. The

dT,/dP=c—2aT™(n—ny)dndP, with c being a positive mixed powders were calcined in an alumina crucible at
C C ]

constant, and hence decreases from positive to negatine as?n?t(t)_rioor?r? difr?r 405 4C8 hv\'ln fI(I)vrlr;g %év'tg tse\t/r? ral |r;t(ierr]- q
increases from the underdoped to the heavily overdoped re- ent g gs. CaCwas later added to the calcine

gion. Indeed, this was observed in the ¥BayO, (YBCO) g?ldfhgovggfh%?nt& Ccar(bcoér;l Séosré::zéoa;gi(g Er(]gf rce)c _ursors
systenft However, this is no longer true for the >0, g ,

1223 and (CyCpgBaCaCu,O,[ (Cu,0-1224]. These

Lay—SKCuQ, (LSCO) and the HgBECa,-1CUOzm+2+5  precursors \Evel;bestﬁe?l ni?xe?j wl:f[lh Xap(pro;?riate amounts of oxi-
[Hg-12(m—1)m] compound systems, strongly suggestingizing agent AgO,, pressed into pellets, wrapped in Au foil
th§t7th? pressure affect, through parameters other than ang heated in a high-pressure cell inside a multianvil Walker
n.>~ "It is interesting to note that the two systems also exhibity,odule from Rockland Research under 5-6 GPa at
only a negligible pressure effect an as evident from the  1000—1100°C for 1-4 h before they were furnace quenched
Hall and TEP measurements under pressGfeRecently, it to room temperature. The furnace used was made of Ca-
has been proposethat the pressure-induced charge-transfeidoped LaCrQ and the pressure medium employed was
in cuprate HTS'’s is determined by the existence and the fillivigO. The pressure was determined using the load vs pres-
ing of oxygen sites of the CuO-chains in the compoundssure curve provided by Rockland Research, and the tempera-
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FIG. 1. XRD patterns ofCu,0)-1223(a) and -1234(b), respec- 2
tively.

ture by aD-type thermocouple (W 3%Re/\WH25%Re) lo-
cated next to the sample inside the high-pressure cell.

The structure of the sample was characterized by x-ray
diffraction (XRD) using a Rigaku D-MAX/B-IIl powder dif-
fractometer. TheT, at ambient was measured both resis-
tively, by the four-probe method using a Linear Research -6
LR-400 bridge, and magnetically, using a quantum design
superconducting quantum interference devi8@®UID) mag-
netometer. It is defined as the temperature where the resis

¢ (10° emu/g)

tivity is linearly extrapolated to zero from the main transition -
or where the magnetic transition is halfway completed. The 0 2 4 60 80 100 120
T.’s so defined agree well with one another. Under pressure, (0) T (K)

the T, was determined resistively. The hydrostatic pressure FIG. 2. dcy vs T for (Cu,0-1223 (a): O as-synthesized, and
environment was generated at room temperature inside a Tannealed in Ar at/ — 350 °C for 48 h[1 — 450 °C for 48 h, and
flon cell housed in a Be-Cu high-pressure clathpsing 3M ¢ — 550 °C for 48 h; and fofCu,0-1234(b): O as-synthesized,
fluorinert as the pressure medium. The pressure at low tenand annealed in Ar @¢ — 400 °C for 48 h[J — 500 °C for 24 h,
perature was measured with a superconducting Pb mononand ¢ — 600 °C for 24 h.

eter, which was situated next to the sample inside the pres- )

sure cell, and the temperature by a chromel-alumeFF22, b*=Db, andc*=2c* was also observed using a trans-
thermocouple above 10 K and by a Germanium thermometepission electron microscope, consistent with previous

below 10 K. reports*® _
TheT.'s are~67 K and~115 K, respectively, for the

as-synthesizedCu,0-1223 and -1234 at ambient. A fairly
broad range of doping and thiig has been achieved in these
High quality (Cu,0-1223 and -1234 samples were suc-samples by removing oxygen from the as-synthesized
cessfully synthesized. The XRD patterns of the samples areamplesvia annealing in various atmospheres at different
shown in Figs. (& and Xb), displaying a single phase in temperatures. Sequential annealing on the same sample to
each of the samples with less than 5% impurities. Thesechieve different doping states was adopted to reduce pos-
compounds were found to be tetragon@dpace-group sible effects onl. or dT./dP arising from possible differ-
P4/mmn) with lattice parameters a=3.858 A, ¢ ences in different samples. No effort of ours succeeded in
=14.78 A for (Cu,0-1223 and a=3.857 A and c increasing the O content above that of either of the as-
=17.89 A for (Cu,0-1234. A superstructure witha* synthesized samples by charging @ ~300°C and 150

Ill. RESULTS AND DISCUSSION
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FIG. 4. T, vs P for (Cu,0-1223(a) and -1234(b) with different
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dopings. The number represents the sequential order of the experi-

FIG. 3. Rvs T for (Cu,0-1223 as-synthesizet®) and after  qental run.

annealing at 550 °C for 24 (b).

tinuously from~67 to ~118 K as the temperature of an-
bar, the highest gas pressure used. This can be understogaling in Ar increases to 550 °C. The size of the Meissner
since all samples were prepared under a partial O pressure gffect also increases as tfie increases for reasons not yet
about 5-6 GPa. We estimatadrom the TEP measurements known. On the other hand, the, of (Cu,0-1234 decreases
according to the empirical correlation, and verified by thefrom ~115 to ~99 K as the annealing temperature in-
ratio of T./T{™.? The doping was found to vary from  creases to 600 °C in Ar. A 20% decrease in the size of the
~0.233 hole/Cu@ for the as-synthesizedCu,0-1223 to  accompanying Meissner effect was also detected. The
~0.173 after annealing; and from~0.16 hole/Cu@ for  variation with annealing observed confirms the doping states
the as-synthesizedCu,0-1234 to ~0.12 after annealing. of the different samples before and after annealing inferred
This suggests that the as-synthesiz€ui,0-1223 is over- from our TEP measurements mentioned above.
doped andCu,0-1234 is nearly optimally doped, based on  We have measured th&. of the same(Cu,0-1223
an optimal doping1,~0.16 hole/Cu@.? At the same time, sample, but at four different doping states, and that of the
(Cu,0-1223 remains slightly overdoped whil€u,0-1234  same(Cu,0-1234 sample, but at two different doping states,
becomes underdoped after the annealing. The dc magnetidter sequential annealing. Typical resistaiiB data as a
susceptibility ) measured in 10 Oe in the field-cooled function of temperature at different pressures are shown in
mode is shown in Figs.(@) and 2Zb) for (Cu,0-1223 and Figs. 3a) and 3b) for the as-synthesizetCu,0-1223 and
-1234, respectively. FofCu,0-1223, theT, increases con- (Cu,0-1223 annealed in Ar at 550 °C, respectively. Slight
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FIG. 5.dT,/dP vs n for (Cu,0-1223 and -1234. 30

sample degradation occurs after annealing as evidenced k

the appearance of a loiytail belowT.. The superconduct- 25
ing transition is clearly shifted to lower temperatures for the
as-synthesizedCu,0-1223 but to higher temperatures for

the annealed one by pressures. The effects of pressure on tl

4
T.'s of both samples with different dopings are summarized [_\
in Figs. 4a) and 4b). T, appears to vary with pressure lin- g 15
early for all samples within the pressure-range investigated;» 3
It should be noted that the pressure effecflqris reversible = 10 -
immediately after the reduction of pressure, as also evi-#
denced in Figs. @) and 4b). The rates off . change induced
by pressure,dT./dP’s, are —0.7, —0.3, 0.9, and 1.2 51 2
K/IGPa for (Cu,0-1223 as-synthesize@®), and for those
annealed in Ar at 350B), 450(C), and 550 °C(D), respec-
tively. The values odT./dP are 0.65 and 0.75 K/GPa for 1

1 1 ] 1 1

(Cu,0-1234 as-synthesizdf) and annealed in Ar at 600 °C

(F), respectively. The results are summarized in Fig. 5, i.e., -5
dT./dP decreases linearly witk for (Cu,0)-1223, whereas 0 * 10 1%0 it =0 30
it increases slightly with for (Cu,0-1234. ) T (K)

It has been shown that O-ordering affects heof cu- FIG. 6. TEP vsT for (Cu,0-1223(a) and -1234(b): TEP in-

prate HTS’s and such ordering can take place even at roortreases with decreasing doping: numbers represent the sequential
temperaturé? The effect is more prominent as the sampleannealing order, upon oxygen removal.

becomes more underdoped. Fortunately, such ordering does

not occur in YBCO immediately after the change in pressureafter the application of pressure at room temperature. In our
but only takes place with a long relaxation time of manyexperiment, after each pressure step beforeTtheas mea-
hours, and the relaxation time increases rapidly withsured, the samples were held at room temperature for less
pressuré® For instance, theT. of a heavily underdoped than 15 min, which is very short compared to the long effec-
YBCO increases from~13.2 K at ambient to~15.6 K tive relaxation time of~48 h at 0.79 GPa and 6.5 h at5
measured immediately after the application of 0.79 GPa, an@Pa for YBCO™ Additionally, T, was observed to return
grows to~22.4 K after consecutive annealings at 298 K forimmediately on the reduction of pressure at room tempera-
a total of 34 h. However, the complete release of the pressut@re to the interpolated value as shown in Figs) 4nd 4b)

at 53 K only reduces th&. to 21.2 K, and it takes annealing for the overdopedCu,0-1223 and the underdopéu,O-

at 298 K for 87 h to restore thE; to its initial value of 13.2  1234. All these suggest that the effect of possible pressure-
K. It was therefore pointed out the important contribution ofinduced O ordering at room temperature @f./dP was

O ordering to thedT./d P measured. Indeed, O ordering can negligible in the present experiment and our measurements
complicate the interpretation of thaT./dP data, since the were carried out in samples with the same O-ordering state.
sample examined can be at different O-ordering states whictWe therefore go ahead to compare thE./dP results with
depend on the annealing time at or above room temperatuggredictions by the phenomenological mottél.
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As pointed out earlierdT./dP is expected to decrease gest that the different dependences afT./dP detected in
linearly from positive to negative asincreases, accordingto (Cu,0-1223 and -1234 may be attributed to the different
the phenomenological mod&f. Although (Cu,0-1223 has CuO-chain contributions to the electronic spectra in the two
the same structure as Hg-1223, @3./dP decreases lin- compounds. This may be related to the differences in de-
early with n as predicted, in contrast to that of the latter. tailed local structures, and a careful reexamination is war-
Recent experimeritshow that the CuO-chains in the HTS rented. ) _
compound provide the avenue for pressure to inducean N summary, we have examined under hydrostatic pres-
change and the authors suggest that the agreement betwedf{€S theT. of the oxycarbonate cuprates (€u,0-1223
the model prediction and experimental observation onnthe @1d -1234 with different dopingd.. was found to vary lin-
dependence ofi T,/dP is determined by the existence of €2'ly With pressure up to 1.6 GRa#lT./dP increases linearly
these Cu@ chains. Published ddth indeed show that W'th. n decrease fo(Cu,0-1223, Wh.'Ch possesses the CuO-
(Cu,0-1223 possesses the CuO-chain. Unfortunately, irf;ham.S as the source for pres;ure-lnduced ch_arge transf(_ar for
spite of the similar structure reporte@Cu,0)-1234 displays n variation, similar to YBCO, in agreement with the predic-

: RN . tion by the phenomenological model. Howevefl,./dP for
;g(}é(?)feé?cazitolr?creases wit, in disagreement with the (Cu,0-1234 decreases with decrease, in spite of the re-
It has been observed that cuprate HTS's with CuO-chain orted existence of the CuO-chain in both compounds. We
such as YBCO? show a TEP with a smaller temperature ave also observed different temperature-dependent TEP’s in
' : e two compounds. The TEP f¢€u,0-1223 varies only
dependence and a smaller 295 K value than those W|thoug;ightly with temperature, similar to YBCO, which has the

such as HBCCO at the same doping levél$his has been : ) . )
ascribed to the extra contribution from the CuO-chain. wecUO-chains, while that fofCu,G-1234 varies strongly with
perature, similar to HBCCO, which does not have the

decided to measure the temperature dependences of the T : i
of the two compounds at different dopings and found that uO chains and who;é‘l_’C/dP does not vary witm ac_:cord-
they are very different. As shown in Figs@and Gb), the ing to the model prediction. We have therefor_e attr!buted the
TEP's of (Cu,0-1223 for different dopings display smaller different n dependen_ces coﬂ_'cld_P to the possible different
absolute 295 K values and a smaller temperature dependenfé!C2-chain electronic contributions to the energy spectra of
similar to YBCO, whereas those f6€u,0-1234 for differ- 1€ tW0 compounds.
ent dopings show larger absolute values and a greater tem-
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