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Establishment of strongly overdoped states in the HgB&a,Cu;Og, s Superconductor
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Strongly overdoped HgB&a,Cu;Og, s (Hg-1223 samples with superconducting transitions as low as 97 K
were successfully obtained by using HgO,,Ca0;, CuO, and mixtures of highly oxidized BaCuQ (e
~0.13) and/or Ba@powders as starting materials for the high-pressure synthesis at 5 GPa and 950 °C. The
overdoped state was confirmed by observing negative values for the Seebeck coefficient throughout the tem-
perature range frori to 320 K in a thermoelectric power measurement. Also, both of the cell paranaeters
andc were found to decrease with decreasing reflecting, respectively, an increase in hole concentration in
the CuQ planes and the incorporation of oxygen into the Hd@er. The oxygen excessas determined by
the Cy+I1)/Cu(+Il) coulometric titration method, was-0.19 in the overdoped sample wifi,=107 K.
Subsequent reducing annealing in an Ar atmosphere at 280 °C increaskdtth@31 K. Consistently, only
positive Seebeck coefficient values were observed up to 320 K for the Ar-annealed sample. A clearly under-
doped material withl ;=118 K was obtained by annealing the same sample in Ar at a higher temperature
(~400 °C). Finally, high-pressure synthesis starting from less-oxidized BaGu®~0.06) yielded a Hg-
1223 material with6~0.10 andT.=132 K. [S0163-18207)04945-X]

I. INTRODUCTION from the underdoped region far to the overdoped side both in
then=1 and 2 members of the Hg- 12 1)n homologous

The HgBaCaCuOg, 5 (Hg-1223 superconducting cu- serie$1° only very few indications of clearly overdoped
prate phase exhibits the highest values until now recorded fdig-1223 samples have been obtained so far. The first
the superconducting transition temperatiitg i.e., the al- high-pressure synthesis of the Hg-1223 phase resulted in
ready highest ambient value of 135K increases even single-phase material withg, of 102—115 K-1?However,
above~ 150 K under high pressufe. The pressure-induced even though the normal-state resistivity increased along with
rise in T, should stimulate attempts to facilitate also in am-the increase inl; (to ~131 K) upon low-temperature an-
bient conditions the structural featutésesponsible for the nealing in oxygen, it is difficult to verify whether the as-
record-highT. values under high pressures. In other words synthesized sample was in an overdoped state or not, since
either the ambient-pressure structure is not yet optimallghe annealing was also found to increase the amount of im-
doped or the charge is unfavorably distributed within onepurity phases. On the other hand, the Pb-doped Hg-1223
single CuQ plane® In this respect, extensive studies on thesample of Isawaet al*® with a nominal stoichiometry of
physical properties in a wide hole-doping range are indis{Hgy Pl »)BaCaCu0g, s and T,~122 K was shown to
pensable. Furthermore, excess oxygen/overdoping in thexhibit a negative value for the room-temperat(Rd) See-
charge-reservoir block is supposed to lower the anisotropy deck coefficient $,90x) in thermoelectric power measure-
magnetization and raise the irreversibility field by makingments. This fact is generally considered as an indication of
the HgQ; layers more conductive along tleeaxis, in a simi-  the overdoped state in superconducting cuprétés Re-
lar way as the CuO chains are “metalized” in the fully cently, Bordetet all® reported an overdoped state in Au-
oxidized Cu-1212  structu®! Thus, overdoped substituted Hg-1223. Up to the solubility limit of Au on the
HgBa,CaCu;0g, 5 would be the best candidate for the Hg-site (~30%) both thea andc cell parameters and tfe,
highestT., highestH;, and highest}. material for applica- (down to~121 K) were found to decrease with increasing
tions. Au content. The overdoped state was confirmed by observing

Even though the hole concentration can be easily tuned higherT. (~125 K) after annealing the sample in Ar.
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Thus, cationic substitution has been so far the most suawhile barium is maintained in an oxide form. The possible
cessful way to synthesizélightly) overdoped Hg-1223 carbonate YyCO,) present in the BaCuf,- yCO, powders
samples. In the present contribution, a strongly overdopet released as carbon dioxid&qg. (2)]. This reaction was
state in the Hg-1223 phase was achieved by excess-oxygeonfirmed using BaCQas a reference compouhtiAs seen
doping. In a high-pressure synthesis of the samples, mixturda Eg. (2), the observed weight loss is a sum of contributions
of oxidized BaCu@, . (e~0.13) and/or Ba@powders were from both the excess oxygen and the amount of carbonate.
utilized for providing the excess oxygen. Also reducedConsequently, the carbonate content can be calculated only
BaCuQ, . (e~0.06) powder was tested as a starting mate-after the oxygen content is analyzed separately. On the other
rial. With postannealings performed in a thermobalance irhand, in the case of=0 the H,/TG reduction would reveal
well-controlled conditions the oxygen stoichiometry of as-the oxygen content of the sampfé:
synthesized samples was further altered. Besides extensive
chemical analyses for the oxygen content both in the precur- CaCuG;- xCO,—~CaCuG;+xCO T, (1)
sors and in the superconducting products, the synthesized
samples were characterized by XRD, SQUID, and thermo- BaCuQ. . yCO+(1+€H,—BaO+Cut(1+€H;07
electric power measurements. +yCO,. @

The amount of excess oxygen both in the two
BaCuQ, . yCO, precursors and in the synthesized
The HgBaCaCu;Og, s samples were synthesized by a HgBa,CaCu;Og, s Samples could be analyzed by a coulom-
high-pressure technique from stoichiometfio terms of etric titration method, using the experimental setup and prin-
metal compositionamounts of HgO, Bag) CuO, CaCuG;, ciples described in details in Refs. 19 and 20. Upon dissolv-
and two types of BaCug) . precursors with different oxygen ing the sampleri a 1 M HCl solution containing CuCl both
contents. The G&uO; and BaCuQ, . precursors were first trivalent copper and peroxide-type oxygen, i.e., (CuQare
prepared with repeated heat treatments under the followingeduced by Ct+1) according to Eq(3), and then a coulom-
conditions:(1) Ca,Cu0; from CaCQ and CuO powders at etric backtitration of the excess Cul) is applied as a final
950 °C in Q, (ii) the oxidized form of BaCuQ . from BaO,  analysis stepEq. (4)]. Using BaCQ and HgO as reference
and CuO powders at 850 °C in,Oand(iii ) the reduced form materials it was confirmed that at least in the present experi-
of BaCuQ,. from the oxidized BaCu@Q ., material by mental conditions carbonate and divalent mercury do not
guenching directly from 800 °C to RT after 12-h Ar anneal- participate in the reactions concerned:
ing. For the high-pressure high-temperature treatments the
desired mixtures of the above-described raw materials were
tightly packed into gold capsules. Each gold capsule was _
then covered by a NaCl sleeve and placed into a pyrophyllite Cu” (excesp—~Cuf"+e (coulometry. @)
container equipped with an internal graphite tube heater. Thghe samples were also characterized for the phase-purity and
high-pressure syntheses were carried out in a cubic-anvilattice parameters by powder x-ray diffractidRD; MAC
type apparatus at 5 GPa and 950 °C for 1 h. Science M18XHF; CH, radiation, and for the supercon-
After being characterized the high-pressure synthesizeglycting properties by SQUID measureme(@antum De-
HgBa,CaCu;0s.. s sSamples were subjected to post-annealingsign MPMSR carried out downd 5 K in the field-cooling
treatments in Ar at 280-400 °C in order to further tune themode with a magnetic field of 10 Oe. The reporfedvalues
hole-doping level. These postannealings were carried out in gre onset temperatures of the diamagnetic signal.
thermobalancéMAC Science TG/DTA 2000 So be able to Finally, three of the synthesized samples, one supposed to
in situ detect the changes in the weight/oxygen stoichiomye over-doped, the second being close to optimized and the
etry. The mass of the TG samples varied from 10 to 80 mghird under-doped, were characterized by a two channel ther-
and the heating and cooling rates were 2 °ChifThe iso-  moelectric powe(TEP) measurement apparatus in the tem-
thermal heating period vea5 h for powder samples and perature range of 80 and 320 K, employing two pairs of
12-24 h for bulk samples. In some of the postannealing eXcopper-constantan thermocouples. The temperature gradient
periments the thermobalance was connected to a mass sp&gas kept at- 1 K. The absolute Seebeck coefficie®) (val-
trometry (MAC Science TG/DTA 2000 S/Mpto carry out  yes were calculated from the relative measurement data by
evolved gas analysis, especially for the oxygen evolution. syptracting the contribution from the copper reference wires.

Both the CaCuQ, and BaCu@, . precursors may contain  The uncertainty in the measurements wag.2 uV K %,
variable amounts of carbonate. Prior to use, the carbonate

Il. EXPERIMENTAL

(CuO*+Cu' +2H"—2Cu* +H,0, ®))

content of CaCuQ; was che_cked by thermogravimet(iEG) IIl. RESULTS AND DISCUSSION
measurements performed in an Ar atmosphere up to 700 °C.
By this temperature all carbon is released from,@&O; First, the carbonate contents and the amounts of excess

[Eg. (1)]. In the case of Ba-containing compounds, the car-oxygen in the used precursor materials were determined by
bonate group is more stable and can not be removed from th@®mbined TG and titration analyses. The results are summa-
sample under the above conditions. Therefore, in order toized in Table |. The carbonate content in,Ca0O; was
estimate the amount of carbonate in the two Bagy@®re- found to be quite low, corresponding approximately to the
cursors, the powders were reduced in a thermobalance Bprmula of CaCu0;-0.02CQG. The BaO-Cu@®, -yCO, sys-
heating up to 1000 °C in a 5% 95% Ar atmosphere. Un- tem, on the other hand, was supposed to be more compli-
der these conditions copper is reduced to metallic stategated. The BaCuOphase has been reported to exist as a
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TABLE |. Chemical analysis results for the carbonate contentin the HgBaCaCuyOg, 5 product in otherwise fixed condi-
and oxygen excess in the nonstoichiometric precursor materialgyng during the high-pressure synthesis. For each studied Ba
used for the high-pressure synthesis. All the numbers are calculate%urce the high-pressure synthesis was repeated several

as an average of at least three parallel analysis results. . . . - . .
times, with quite consistent results in the parallel experi-
ments. By using BaCuf)s and BaCu@ 45 precursors, the

Carbonate content Oxygen excess

Precursor xly 6 synthesis yielded essentially single phase material, although
traces of CuO as well as small unknown impurity peaks at
CaCu0;-xCO, 0.020+0.005 20~20.5°, 31.4°, and 51.3° were always detected, as indi-
Oxidized BaCugQ, .- yCO, 0.01+0.02 0.13-0.01 cated, e.g., in the XRD pattern recorded for the product in
the case of the BaCuyQ; precursor(Fig. 2). The SQUID
Reduced BaCug .- yCO, 0.00+0.02 0.06:0.01 data (Fig. 3), however, showed only one superconducting

transition with a Meissner volume fraction of 40-50%.
When employing Ba® as an oxidizing agent in the
“barium-deficient/rich, oxygen-rich carbonate-cuprate” with high-pressure  synthesis, the phase purity of the
a stoichiometry, if expressed by BauG,. .- yCO,, varying  HgBa,Ca,Cu,04. s phase decreased considerably. With the
approximately in the limits of 08z<1.1, 0<e<0.15, and  (BacuQ, ,5+Ba0,) mixture, the Hg-1223 phase was still the

0<y=0.125?"?? The strong affinity between the cuprate main phase, but in the case of Ba@ the only Ba source the
and carbonate groups, seen, e.g., as a continuous solubility gf

P A g gh-pressure synthesis product consisted mainly of the start-
CO;5~ into CuQ;y chains in Ba-based superconducting Cu'ing materials(Table 1.
gcr)?lfiosr:nojftcue:ft%zn\,;?s arﬁgecnl}grastgog\],\rlgut;s rgj:rl]ti'nn %ég'd The resulting oxygen content in the synthesis product,
e established by two parallel Ct1)/Cu(+I1l) coulometric ti-
to the stoichiometry of B&Oy), §(CuOy)g 524 In the present y P Ca/Cu(+1)

study, however, the carbonate contamination was found to btratlons, seems to depend on the nominal oxidation power of

negligible, since both the coulometric titration and/HG %eBstaCrtlan lgatena{Talble 1. t'rl;he_ ozy?en eBxcess in the
reduction analyses gave within the estimated error limits the'9>%~&-Uss. s SAMPIES Synthesized from aCagwas

same values for the oxygen excess, ie=0.13 and 0.06 for ound to bed~0.10(nominal value 0.1E while the synthe-
the oxidized and reduced BaCuQ precursors, respectively. SIS Starting from the more oxidized BaCyf3 yielded Hg-
In Fig. 1, examples of the obtained TG curves are shown. 1223 material with5~0.19 (nominal value 0.26 The facts
both BaCuQ,, precursors the weight loss is stepwise andthat (i) the samples were not totally of single phase 6t
starts around 400 °C. The onset temperature for the reductidi Other superconducting.e., oxidized phases were de-
is comparable to that observed for the CwB@u,0q.; tected suggest that the actual oxygen contents in the super-
compound-"2° Furthermore, it seems that as in the case ofconducting HgBsCaCu;0g,; phase may be somewhat
CuBaYCu,0q, 5 the first step in the reduction curve of the higher than these “overall average” values, however. For
BaCuQ. . precursors correspond to the removal of the exthe samples synthesized from the (BaGug-BaO,) mix-
cess oxygere. Therefore, this step alone could be used forture or from Ba@, no estimation for the oxygen content was
determining the oxygen stoichiometry, supposing that sloweven tried because of the multiphase character of the
enough ¢1°C minY) heating rates were applied. In the samples.
present reduction experimentbeating rate 20 °C min), In general, the present oxygen content values are quite
however, the different reduction steps slightly overlappedsmall if compared, e.g., to the result 8+0.30 obtained by
and the oxygen contents were calculated according t¢&q. jodometry by Tokiwa-Yamamotoet al?® for optimally
from the overall weight loss in between 250 and 1000 °C. goped samplefsynthesized under normal pressueth T,

The different Ba sources, i.e., BaCy§y BaCuQ 13 and  — 135 k. Basically, C+1)/Cu(+11) coulometry and iodom-
BaQ,, were then tested in terms of the resulting doping levelyry getect exactly the same quantity, i.e., the sum of triva-

lent copper and peroxide-type oxygen in the whole sample,
and in both methods the oxygen content is then calculated
supposing (i) single-phase character for the sampii)

] nominal metal composition in the whole samplé, nomi-

nal metal occupancies in the superconducting structure, and
(iv) the divalent oxidation state for mercury. On the other
i hand, neutron diffraction studies by Wagmral 2 and Fin-

ger et al?” suggested a coupled substitution of Cu on the
] Hg-site and oxygen on an otherwise unoccupied O site along
the a axis, the situation of which would be better described
by the formula(Hg;_ 5Cus)Ba,CaCus;Og, 5. 5 rather than

Weight loss [%)]

10 ! L L L L by HgBaCaCuOg. 5 For example, in the normal-pressure
0 200 400 800 800 tooo 1200 gynthesized sample witfi,=135 K Wagneret al?® found
Temperature [°C] the following occupancies fofl and 82, respectively: 0.09

and 0.18. Furthermore, in terms of hole-doping the guO
FIG. 1. Typical /TG reduction curves obtained for the planes the excess oxygen atomsdlyand 2 may act with
BaCuQ 45 (solid line) BaCuQ, o6 (chain line precursors. quite different efficiencies, as was shown by bond-valence
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ing negative values for the Seebeck coefficient at tempera-

6000 ' ' ' T T T tures higher thafl.. in a thermoelectric power measurement
5000 - MR (Fig. 4. The obtainedS,gk value of —3.0uV K™ is
_ st slightly lower than that reported by Isavet all® for the
£ 4000 Pb-doped Hg-1223 phaseT.=122K; Sygox~—2.8

e g uV K1), Subsequent reducing annealing of the present

3 %000 : HgBa,Ca,Cu;,0Oq 1o Sample in an argon atmosphere at 280 °C
2 oo 5 8 2 g increased thd; to 131 K. Consistently, abovg, the See-

g N beck coefficient remained positive throughout the whole
= 1000 temperature range measure8,d, «~+5.8uV K1), Fur-
ther reduction of the same overdoped HgBaCu;Og g

70 sample by annealing in Ar at 400 °C resulted in a clearly
underdoped material with,= 118 K (Table Il). On the other
hand, the as-synthesized HgB&,Cu;Og ;o Sample possess-
é'ng T.=132 K andS,gyx~+1.6 uV K1 is supposed to be
close to optimized. Even though the RT Seebeck coefficient
is positive as generally observed for underdoped supercon-
ducting cuprates, the material might be slightly overdoped,
calculations given in Ref. 28. As a conclusion, it is possibles'nce theSvs-T curve is located at much lowed values

. . o han that of the underdoped sample possessihganly 1 K
that samples synthesized by different methods in d'ﬁereerigher(Fig. 2). I this were the case the empirical rule of

laboratories may have different systematic deviations fro buerdoped cuprates exhibiting negatiSevalues above RT
the above assumptioig—(iv), and the absolute oxygen con- would not then precisely apply to the Hg-1223 phase. In

tent values when determined by chemical analysis ma : ; ; X R
therefore differ quite much, but comparison between the Val\_érder to clarify this point, the possible contribution from the

ues obtained for sample series prepared in consistent cond_ilgdoﬁ I?ye(rj to the TEP of the Hg-1223 samples should be
tions should reveal correct trends at least. understood.

; The S-vs-T curve for the sample annealed in Ar at 280 °C
For the HgBaCaCuyOg, s Samples synthesized from the _. S
(BaCuG 13+ga%2)62 r:ﬁxt?rrg anF()JI frgm the oxidized (Fig- 4 shows, after the sharp rise just abolg, an overall

BaCuQ, ;5 (6~0.19), T, values of 97 and 107 K were, re- decrease with increasing temperature in the normal state with

spectively, obtainedTable 1. These samples were sup- the rate of decrease being slower at higher temperatures. This

posed to be overdoped, since the less-oxidized sample sy esembles the behavior previously reported for underdoped

<31
thesized from the reduced BaCug (5~ 0.10) was found to te?r]ligtl?rgd gg—iﬁégns(‘:aem%fé%:mgn ;?etr?(tahe;sr]:nr?t’h?seize d
have a much highef, of 132 K. The overdoped state of the HngaQCaZCugog 1Esample possesses typical featurgs e an
HgB2,CaCL405 10 Sample was further confirmed by observ- ;o i drop to negative values aboVg and a linear
negative slope up to RT, established in general for strongly
overdoped cuprate superconductors and seen, e.g., for oxi-
dized Hg-1201 sample€.Recently, Cheret al >3 reported of
an anomaly in the&S,g «-vs-T. /T, max behavior observed for
strongly overdoped Hg-1201 and Hg-1212 samples. For
many other highF, cupratesS,qq x decreases monotonically
A with increasing hole concentration and thus with decreasing

0.002 - ° j i T. in the overdoped regiol?, but for both the Hg-1201 and

0 10 20 30 40 50 60

20 [deg.]

FIG. 2. XRD pattern recorded for the sample synthesized at
GPa and 950 °C from HgO, GauO;, and BaCuQ@,; The reflec-
tions due to the Hg-1223 phase are indicated.

0.001 T T T T T T T

-0.001 =

Hg-1212 phases a minimum was found at a certain amount

of overdoping(for Hg-1212 atT./T¢ na¢=0.8 andS,gq k=

—3uV K™Y, The present overdoped Hgfe,Cu,Og g

- sample with T./T; ma=107/135<0.8 and Sygq~

o ,a —3.0uV K™t would be located exactly at the minimum

as 4 point in theS,gq -vS-T. /T max CUrve of the Hg-1212 phase.

A In order to test whether these values would correspond to a

0.006 | porooEes 1 L 1 1 1 minimum, if existed, also in the case of the Hg-1223 phase,
0 20 40 80 80 100 120 140 1680 TEP data for more strongly overdoped samples are needed.

Temperature [K] Unfortunately, the HgB#aCu0Og,s sample with T,
=97 K (Tc/Te max=97/135<0.7) was not considered pure

FIG. 3. SQUID data(field-cooling curves for the following ~ €nough for revealing reliable TEP results.
powder samples: as-synthesized from the (BaCy®Ba0,) mix- All the reducing postannealing treatmertts Ar at 280
ture (O) (T,=97K), as-synthesized from BaCu@ (O) (T, and 400 °Q of the high-pressure synthesized samples were
=107 K), as-synthesized from BaCug () (T.=132K), syn- carried out in a thermobalance in order to ensure a good
thesized first from BaCug);and postannealed in Ar at 280 (@) control of the temperature profile and to situ detect the
(T.=131K), and synthesized first from BaCuQ and postan- changes in the oxygen stoichiometry/weight. In all these an-
nealed in Ar at 400 °GA) (T,=118 K). nealings, despite the initial amount of excess oxygen in the
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TABLE Il. Summary of the used synthesis conditions and the obtained characterization results for the
synthesized samples. Most of the syntheses were repeated several times, with reproducible results. The
summarized results for the oxygen excess, cell parameters] aak average values of the parallel experi-

ments.
Oxygen exces$ Cell parameter$A]

Synthesis conditions analyzed/nominal alc T. [K] Soe0k [1V K1
High p from BaCuQ g 0.10/0.12 3.850/15.79 132 +1.6
—Ar-annealed at 280 °C 3.854/15.81 132
High p from BaCuQ ;3 0.19/0.26 3.847/15.76 107 -3.0
—Ar annealed at 280 °C 3.850/15.77 131 +5.8
—Ar annealed at 400 °C 118
High p from /1.00 3.841/15.73 97
(BaCuQ ;5t+Ba0)

High p from BaO, /2.00 multiphase

sample, quite a constant total weight loss of 0.4—0.6 wt %ative way, could not, however, be totally separated. There-
was observed. If this weight loss were attributed only to thefore, only the following semi-quantitative conclusion could
oxygen depletion, it would correspond to 0.2—-0.3 oxygenbe made: the oxygen loss upon the Ar annealings is less than
atoms per HgB#aCuOg, s formula unit. On the other A§~0.2. Finally it is noted that according to the careful TG
hand, if it were only due to mercury loss, it would corre- experiments of Tokiwa-Yamamotet al,?® no loss of mer-
spond to 0.02-0.03 Hg atoms. However, it seems that botbury from the Hg-1223 structure occurs belewb00 °C.
oxygen and mercury losses occurred, since two overlapping Most of the high-pressure syntheses and the subsequent
processes with slightly different activation energies werepostannealing experiments were repeated several times with
seen in the TG curves. The lower temperature weight lossvell-reproducible results. Besides the oxygen content analy-
(~200 °C) originates most probably from the evaporation ofsis performed for some of the samples, all the samples were
Hg from the grain boundaries/HgO impurity pha8ayhile  characterized by XRD and SQUID measurements for the cell
the higher temperature<(250 °C) weight loss is believed to parameters and the superconducting properties. In Table I,
correlate with the amount of released oxygen from thethe used synthesis conditions as well as the average values
HgBa,Ca,Cu;Og, 5 structure. Consistently, only the higher obtained from the parallel experiments for the oxygen con-
temperature weight loss was accompanied with detectablents, cell parameters, anfl.’'s are summarized. The de-
oxygen evolution in the TG/MS experiments. The two pro-crease inlT, seems to correlate with the decrease in both the
cesses, even though being somehow distinguished in a quatell parametersa andc. The decrease in the parameter,

i.e., the shortening of the in-plane Cu-O bond, originates

from the removal of antibonding electrons from the GuO

8 . T T . . planes® while incorporation of excess oxygen atoms into
e, the HgQy charge-reservoir block is supposed to shorten the
6 - ¢ °\°ﬁs - distance between the Ba and Hg@lanes, and thereby be
. seen as a shortening of tieeaxis?®
L ] Lokshin et al® describe the high-pressure synthesis of

overdoped Hg-1223 samples using Ba#3 an oxygen gen-
erator. In Fig. 5, based on both their data and the present
results theT, is plotted against tha andc cell parameters

for the overdoped Hg-1223 samples. From these plots, as
well, it is clearly seen that the present samples, obtained
from the oxidized BaCug, 3 precursor and from the mixture

4 of BaCuQ ;3 and BaQ in the high-pressure synthesis, are
strongly overdoped.

Seebeck coefficient [ 4 V/K]

) 50 100 150 200 250 300 350 IV. CONCLUSIONS

Temperature [K] Strongly overdoped HgB&a,CusOg, s Samples withT,
as low as 97 K were successfully obtained by using highly
FIG. 4. Temperature dependence of Seebeck coefficient for th@Xidized BaCu@,.. (e~0.13) and Ba@ powders as excess
following samples: as-synthesized from BaGu® (0) (T. oxygen sources in the high-pressure synthesis. The over-
=107 K), as-synthesized from BaCug (A) (T,=132K), and doped state was confirmed by thermoelectric power measure-
synthesized first from BaCuQ; and postannealed in Ar at 280 °C ments. Also, both tha andc cell parameters were found to
(@) (T,=131K). decrease with increasing oxygen content and decredsing
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FIG. 5. T.-vs-a (a) andc (b) cell parameters for the present samp@®3 and for the samples in Ref. 3©).

On the other hand, by subsequent postannealings in an argbmtion for controlling the oxygen stoichiometry in Hg-1223

atmosphere the hole concentration in the high-pressure syare believed to be most useful in the subsequent studies on

thesized samples was reduced so that the hole-doping statee characterization of the physical properties in a wide

reached the underdoped side. range of hole doping in the superconducting cuprate phase
In order to control the hole-doping level in the high- exhibiting the highesT ¢ .

pressure synthesized Hg-1223 phase, the use of BaCuO

precursors, exhibiting two different oxygen stoichiometries

of e~0.06 and 0.13, was found to be extremely fruitful. In ACKNOWLEDGMENTS
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