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Observation of the Epitaxial Satellite Phase in the
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We have compared nonsuperconducting and superconducting ceramic samples of RuSr,-
Eu;5CepsCu,010 prepared by a polymerizable complex method using Raman spectroscopy
and electron diffraction. The superconductivity in these ruthenocuprate samples was
associated with ruthenium deficiency. It turned out that superconducting samples contain
an epitaxial satellite phase having lattice parameters of a = 3.8407A, ¢ = 11.417A (a/c ~
3), whereas Raman spectra revealed the presence of carbonate groups, which coordinate
metal ions in a manner similar to that in the superconducting carboxycuprates. Therefore,
we speculate that the satellite phase is EuSr,Cus;_«(CO3)xO74, doped with Ru into Cu chain
site and it might be responsible for superconductivity. The intergrowth of such a phase was
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confirmed by HREM.

Introduction

The first syntheses of RuSr,LnCu,0g (Ru-1212) and
RuUSIra(Ln;—xCey)2Cu,019 (Ru-1222) layer cuprates where
Ln = Sm, Eu, and Gd have been reported by Bauern-
feind et al.! The Ru-1212 member of Ru based cuprate
series can be described as oxygen deficient triple per-
ovskite isostructural to LnBa,CuzO; compounds in
which CuO chains are replaced with the RuO, layers.
The RuOg octahedra are slightly tilted to accommodate
longer Ru oxygen bonds.? The oxygen sites in the RuO;
layer are fully occupied and there is no degree of
freedom to adjust carrier concentration. Therefore as-
prepared samples were semiconducting and after sub-
sequent oxidation only a very small superconducting
volume fraction could be found.! The structure of
RuSr,(Ln;—xCey)2Cu,010 can be derived from Ru-1212
structure by replacement of the Ln layer with fluorite
block (Ln;—xCey)202, which results in the shift of the
adjacent perovskite block by (a + b)/2 and, consequently,
in doubling of the unit cell along the c-axis.3 Ce*" doping
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onto the Ln"3 site, as well as oxygen nonstoichiometry
in the fluorite block, provides a convenient means to
adjust carrier concentration. It was found that optimally
doped compounds with x = 0.5—0.6 became supercon-
ducting at T¢c ~40 K.!

Felner and co-workers discovered that superconduc-
tivity in Ru-1222 coexists with ferromagnetism* where
Tn =180 K for Ln = Gd and Ty = 122 K for Ln = Eu
were much higher than T¢. The magnetic susceptibility
data and Mossbauer spectroscopy studies indicated that
superconductivity might be confined to CuO, planes,
whereas the RuO; layer is responsible for ferromagnetic
properties. Coexistence of such mutually excluding
phenomena triggered active studies of both Ru-1212 and
Ru-1222 compounds. Soon Tallon et al.> reported that
RuSr,GdCu,0g also becomes ferromagnetic below 132
K, and after 7 d synthesis at 1060 °C one can obtain
superconducting samples with zero resistivity at 21 K.
Ferromagnetism and superconductivity seemed to be

(3) Knee, C. S.; Rainford, B. D.; Weller, M. T. J. Mater. Chem. 2000,
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bulk properties according to their studies. The main
conclusions achieved since then can be summarized as
follows: (1) ceramic samples of both Ru-1212 and Ru-
1222 exhibit ferromagnetic behavior (Tn(RuSr.GdCu,0g)
= 132 K,2'5'6 TN(RUSFQ(EU,CG)2CU2010) = 122 K, Tn-
(RuSr,(Gd,Ce),Cu,010) = 180 K34) and become super-
conducting at Tc < Ty (T¢(Ru-1212) = 20—35 K,%5 and
Tc(Ru-1222) = 30—40 K134); (2) the chemical composi-
tion of the principal phase is uniform within the
accuracy and resolution of EDS;” (3) ferromagnetism
and superconductivity coexist in space within resolution
of magnetooptical imaging of ~10 um;? (4) despite the
skepticism of physicists, ferromagnetic moment and
superconducting coupling within same unit cells have
been anticipated in computational studies;%° (5) how-
ever careful analysis of magnetic and resistivity data
of Ru-1212 and Ru-1222 allowed assuming that both
compounds might not be uniform bulk superconductors,
but ferromagnetism and superconductivity appear in
different domains.?

Despite the fact that a lot of studies of the physical
properties of Ru-1212 and Ru-1222 have been carried
out, there is no clear understanding whether ferromag-
netic and superconducting transitions do take place
within the same unit cell, or if ferromagnetic and
superconducting regions are separated in the space.
Although both compounds are equally interesting for
physicists, from the viewpoint of a chemist or a materi-
als scientist, synthesis of Ru-1222 is the more challeng-
ing task because the optimal superconducting compo-
sition includes an additional component compared to
Ru-1212; the synthesis usually requires higher temper-
ature, which may indicate existence of the kinetic
difficulties for phase formation; and in the required
temperature range one should consider an interplay
between copper valence necessary to form stable crystal
and oxygen fugacity under given conditions.

Analysis of the described experimental conditions in
the published studies helped conclude that Ru-1212
forms faster than Ru-1222 and at lower temperature;
typical samples always contain impurities, and Ru-1212
samples are systematically of better quality than samples
of Ru-1222. Unfortunately, most of the authors avoid
presenting X-ray diffraction patterns. Therefore it is
very difficult to compare studies carried out by different
groups and difficult to conclude what is the primary
obstacle for syntheses of single-phase samples. In other
words, it might be a kinetic difficulty due to the poor
homogeneity achieved in the conventional solid state
reaction method (to the best of our knowledge nobody
has tried to apply advanced synthesis techniques), or a
compound with the idealized formula such as RuSr,-
Ln;5CepsCu,010 does not exist, and we are dealing with
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the solid solution where Eu or Gd may enter the Sr site
and the Ru site is shared also by Cu and Ce.1? In the
latter case, M-1222 phases are isostructural to Ru-1222
and become superconducting at T¢ of 30—36 K depend-
ing on the composition!

Recently we have reported the preparation of high-
qguality RuSr;Eu; 5CeogsCu,0;9 samples using a varia-
tion of sol—gel technique — polymerizable complex
method.?® It turned out that single phase and nearly
single-phase samples do not become superconducting
even at liquid helium temperature, though they do show
ferromagnetic behavior. Despite that resistivity changed
its character in the region of the reported Tc values,
there was no evidence of bulk superconductivity or large
volume fraction of the superconducting phase even after
oxygen annealing under elevated pressure. We noticed
that phase composition of the superconducting samples
described in the literature34 looks similar to that of
Ru deficient samples in our earlier experiments, when
we did not control RuO; vaporization from the pellet.
The intentionally prepared Ru deficient samples have
demonstrated superconductivity. We have therefore
decided to clarify the difference between superconduct-
ing and nonsuperconducting Ru-1222 ceramics using
electron microscopy and Raman spectroscopy—charac-
terization techniques available in our group.

Experimental Section

All samples for this report have been prepared as previously
described®® with minor modification of the solution processing
step. Eu,O3 (or Gd,O3) preheated at 900 °C for 12 h was
dissolved in 10 wt. % excess of nitric acid. Then ethylene glycol
and citric acid were added and stirred till dissolution. Cerium
acetate stock solution, SrCOg3, and basic copper carbonate Cu-
(OH),-CuCO3; powders were added to the solution. All chemi-
cals were of at least 99.9% purity obtained from commercial
sources. Copper content in the basic copper carbonate and Ce3*
concentration in the cerium acetate stock solution were
determined by chemical analysis prior to their use. The
precursor solution was kept at 60 °C overnight to ensure
complete dissolution of solids, then the pH was adjusted by
NHoa(q to 6; the temperature of the hot plate was set to 140
°C and kept for 24 h till the formation of brown viscous gel.
Afterward, the temperature of the hot plate was set to 200 °C
to evaporate the excess of ethylene glycol. The prepared dark
hard gel was crushed and subjected to pyrolysis at 400 °C.
The remained organics were oxidized at 600 °C in air for 2 h,
and the thus-obtained powder was calcinated in dynamic
vacuum (~2 Torr) to decompose carbonates at 840 °C for 12
h. The obtained precursor powder was mixed with the required
amount of RuO, (99.9% purity), pressed into pellets, and heat
treated in the sealed crucible at 1060 °C under Po, = 1 atm
for 48 h with one intermediate grinding after 24 h. The pellets
were put onto a MgO single crystal to prevent their interaction
with the crucible during the synthesis.

The X-ray diffraction patterns of the prepared samples were
collected in Bragg—Brentano configuration by a MacScience
X-ray diffractometer with Cu Ko radiation in the step scanning
mode with 5 s/step and A20 = 0.02°. Lattice parameters were
calculated by the least-squares method.

The dc-resistivity was measured by a conventional four-
probe method. The electrodes were formed by applying a gold
paste. The temperature of the sample decreased at the rate of
0.3 K/min. Magnetic susceptibility data were measured by
SQUID MPMS-5.

(12) Kopnin, E. M.; Kharlanov, A. L.; Bryntse, I.; Antipov, E. V.
Physica C 1994, 219, 47.
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Figure 1. XRD patterns of (a) RuSr,Gd; sCeqsCu,010 and (b) RuSr;Eu; 5CeqsCu.010. Asterisks mark impurity peaks.

Electron diffraction patterns were obtained using a JEOL-
200EX TEM operated at 200 kV with a double-tilt holder. The
electron beam was well aligned and camera length was refined
using four diffraction rings from the thin Au film deposited
onto the microgrid. Thus-obtained values of camera length
were applied for diffraction patterns indexing. To prepare the
samples for TEM studies, the pieces of specimens were
carefully grinded under absolute methanol. After sedimenta-
tion, a drop was transferred onto the Cu grid covered by holey
carbon film and left under ambient conditions for methanol
evaporation. High-resolution lattice images of the same thin
crystals fragments with the additional diffraction spots along
00l direction were taken by Hitachi HF-2200 TEM at 200 kV
for the [010] electron beam incidence. After the HREM image
recording the chemical composition of the particles was
confirmed by the EDX.

Raman spectra were excited with the 514.5-nm line of an
Ar ion laser and measured at room temperature in a back-
scattering geometry using microprobe optics (designed by
Atago-Bussan Co. Ltd.). The incident laser beam with a power
of ~1 mW was focused onto the sample surface to a spot of
about 2—3 um using a x90 long-working distance lens. The
Raman spectra were taken using a Jobin-Yvon T64000 system
with a liquid nitrogen-cooled CCD detector. We used a single
spectrograph, equipped with 600 grooves/mm diffraction grat-
ing, eliminating the laser line with a holographic notch filter
(Super Notch Filter, Kaiser Optics Co. Ltd.). Typical exposure
time of a CCD camera was 5 min. The prepared pellets were
broken and the spectra were collected from the fresh surface.
At least five grains were checked to obtain representative data.

Results and Discussion

The XRD pattern presented in Figure la corresponds
to single phase of RuSr,Gd; sCeosCu019 (14/mmm, a
= 3.8381(2)A and ¢ = 28.578(1)A). Occasionally exami-
nation of similar samples by SEM (Hitachi model S-4500
equipped with EDS detector and QUASAR—Kevex
software for quantitative microanalysis) may reveal the
presence of an impurity phase — SrRuOs3 possibly doped
with Gd. However, the amount of SrRuOs refined by the
Rietveld method in such samples does not exceed 3 wt
% (for the sample in Figure la it was 2.3 wt %).
According to our experience, the presence of SrRuO;
indicates the excess of ruthenium oxide (or high Pryo3)
in the starting composition. 10—15% of SrRuO3; also
forms if the temperature of syntheses exceeds 1080 °C.
In the latter case, it can be easily distinguished by SEM-
EDS on the faces of crystallites in the form of drops

solidified from Cu-rich flux. The Ru deficient starting
composition, on the other hand, usually yields Sr,-
GdRuOg as the main impurity. Synthesis of RuSr,Eu; 5-
Ceo5Cuz050 is more difficult than the Gd case. The
major phase is accompanied usually by an impurity that
has strong reflections in the range of 26 28.3—28.4 and
30.6—30.9°, which in Figure 1b are pointed out by the
asterisks. This compound does not have a good match
in the PDF database and the presence of only a few
peaks does not allow identification of its lattice param-
eters. According to the EDS data, this phase has an
approximate chemical composition of Sr;ssEu; 25Ceg -
RuggCug20s, Which should be isostructural to Sro-
GdRuOg and cannot be responsible for superconductiv-
ity. The rest of the diffraction peaks correspond to the
RuSr;Eu;5CesCu2010 (14/mmm, a = 3.8401(3)A and ¢
= 28.5597(20)A). The difficulty of obtaining a RuSr,-
Eu; 5CeosCu,019 sample of better purity is likely related
to the substitution of Eu onto the Sr site, which changes
the stoichiometry of the major phase. Although Eu3* is
almost identical to Gd3*, the Eu?" ionic radius is very
close to the ionic radius of Sr¥*. We must emphasize
that samples of exceptional quality can be synthesized;
nevertheless, in this study we intentionally used samples
prepared under identical conditions in the same series
with the Ru-deficient samples. The Ru deficient sample
in this study was the same as that in our previous
work,12 having bulk chemical composition of Rug oSr»-
Eu;5CeosCu2010 (a = 3.8407(4)A, ¢ = 28.543(3)A).
Figure 2 shows that absence of superconductivity is
not a unique property of the RuSr,Eu;sCeysCu,019
ceramics. Both RuSr;Ln; 5Cep5Cu,010 compounds with
Ln = Gd and Ln = Eu demonstrate semiconducting type
of resistivity vs temperature dependence which changes
at ~35—40 K, however samples do not become bulk
superconductors even at 4 K. The resistivity data and
magnetic susceptibility data'® made us suspect that Ru-
1222 intrinsically is not a superconducting compound,
and that superconductivity appears as a result of the
divergence of the cation stoichiometry, for instance, due
to ruthenium oxide loss during the solid-state reaction.
In fact, the resistivity data in Figure 2, plotted for Ru
deficient starting composition (RuggSroEu; 5CeosCu010)
is quite typical for high T¢ materials. The magnetic
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Figure 2. Resistivity vs temperature data of (®) RuSr.Gd; 5CeqsCu2010, () RUSrEu; 5Ceq5CU2010, () RUgeSr2Gd; sCepsCu2010,
and (+) RugsSr2Eu; 5CeqsCu.010. The data were normalized by the resistivity at T = 290 K.

susceptibility data for the synthesized samples demon-
strate history dependence common for ferromagnetic
materials (see Supporting Information) with the ir-
reversibility temperature of approximately 180 K for
both Ln = Gd and Eu. Magnetic shielding by the
superconducting phase manifests only for the sample
of Rup ¢Sr2Eu; 5Ceq5sCu0;0 bulk composition; however,
the volume fraction of the superconducting phase is of
the order of 1%. The accurate estimation of supercon-
ducting volume fraction in those samples is difficult
because of the ferromagnetic contribution from Ru-1222
and multiphase nature of superconducting ceramic
specimens. Even if one would assume that the decrease
of susceptibility below T¢ for the zero field cooled curve
is only due to the magnetic screening, it would give the
estimation of the superconducting phase volume fraction
of the order of 10%. We have never observed the bulk
Meissner effect for our samples.

To find the difference responsible for the appearance
of superconductivity we have carried out more careful
characterization of RuSrsEu; 5Ceqs5Cu>019 and Rug oSro-
Eu;5CepsCu,019 samples by TEM and electron diffrac-
tion. The selected area electron diffraction pattern of
the nonsuperconducting stoichiometric sample for [010]
incident beam in Figure 3a does not contain any
unexpected features for 14/mmm space group—the dis-
tance between diffraction spots corresponds well to the
lattice parameters obtained from the XRD data, and the
h + k + 1 = 2n limiting condition is fulfilled.

The electron diffraction pattern of the superconduct-
ing sample of Rug ¢Sr2Eu; 5CepsCu2010 bulk composition
in Figure 3b contains diffuse scattering along 00l
direction and diffraction spots resembling hOl (h + 1 =
2n + 1) peaks, which should not appear for the 14/mmm
space group. Both features imply a presence of disorder
in the structure. More detailed analysis of the enlarged
pattern (Figure 3c) shows that single crystal-like grains
contain a second phase, which epitaxially forms within
Ru-1222 structure, and its lattice parameters can be
expressed through Ru-1222 lattice parameters as fol-
lows: a = ary-1222, C = %/5Cru-1202. The diffraction spots
in Figure 3c correspond to doo; = 14.56 A of Ru-1222
and d*go; = 11.44 A for the satellite phase. The HREM

image of the Rug9Sr:Eu;5CeqsCu,019 particle aligned
along the same zone axis in Figure 3d demonstrates an
intergrowth of the parasitic phase with the simpler
layered structure in the main Ru-1222 compound. Using
Ru-1222 lattice as a reference we can estimate the ¢
axis of the satellite phase in the HREM image as
approximately 11.45 A. Taking lattice parameters of Ru-
1222 determined from the XRD pattern of the sample
and the obtained relationship a = ary-1222, ¢ = %/5Cru-1222,
we can estimate lattice parameters of the parasitic
epitaxial phase more precisely: a = 3.8407 A, ¢ =
11.417 A. The closest results from the ICSD search
include only YSr,Cuz07 and Y Sr,Cuz-xMxO; compounds
where M = Co, Fe, Ga, or Mo with various degrees of
substitution. The c/a ratio of 2.97 also suggests triple
perovskite as the likely candidate for this epitaxial
phase. Note, lattice parameters of RuSr,EuCu,0g are
3.842 A and 11.577 A, and therefore intergrowth of such
a phase in the pure form cannot explain adequately
lattice parameters of the parasitic phase. Thus, we
concluded that the most probable parasitic phase is
EuSr,Cus-xRuyxO74; solid solution with a small degree
of substitution (small x).

To verify this hypothesis we have collected Raman
spectra excited with the 514.5 nm line of an Ar ion laser.
With respect to Raman spectra, the samples looked
homogeneous and all the collected spectra were similar
to those shown in Figure 4. We assumed that if the
satellite phase of EuSr,Cus—xRuxO74, was present in a
reasonable amount, which may explain bulk supercon-
ductivity, we should be able to see its signature by the
appearance of an apical oxygen mode in the region
similar to YSr,Cu3O; compounds at approximately 550
cm~1 14 and its frequency will be significantly different
from the apical oxygen mode in the Ru-1222 or Ru-1212
typically located at 650 cm~1 1516 where an oxygen atom
is confined between copper and Ru atoms. Figure 4a
presents Raman spectra of a nonsuperconducting sample

(14) Lee, H.-G.; Litvinchuk, A. P.; Abrashev, M. V.; lliev, M. N.;
Xu, S. H.; Chu, C. W. J. Phys. Chem. Solids 1998, 59, 1994.

(15) Fainstein, A.; Pregliasco, R. G.; Williams, G. V. M.; Trodahl,
H. J. Phys. Rev. B 2002, 65, 184517-1.

(16) Williams, G. V. M.; Ryan, M. Phys. Rev. B 2001, 64, 094515-1.
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Figure 3. Selected area electron diffraction (SAED) pattern for the beam incidence along [010] direction of (a) RuSr,Eu; sCegs-
Cu;010; and (b) Rug 9Sr2Eu; sCeosCU,010 (100™ reflection is not allowed for 14/mmm space group). (c) Enlarged region of the Rugg-
Sr;Eu;5Cep5CuU2010 electron diffraction pattern showing coexistence of two phases with reflections corresponding to ¥/>Cru-1222
and ?/sCru-1222. (d) HREM lattice image corresponding to the [010] zone axis of Rup¢SrzEu; sCeqsCuU,010; the lattice parameter of
the satellite phase was estimated using RugeSr.Eu; sCesCu,010 as a reference.

of RuSr;Eu; 5CeosCu010. The spectrum of the nonsu-
perconducting compound is similar to the reported
spectra collected from Ru-1222 grains.'® The low inten-
sity peaks in our case look less clear probably because
of the small particle size and imperfect grain shape in
the samples prepared by sol—gel method. The Raman
spectrum in Figure 4b corresponds to the superconduct-
ing sample with Rug ¢Sr2Eu; 5CeqsCu2010 Starting com-
position. One may notice the small increase of a peak
at 540 cm~! that we expected due to the presence of Cu
in Ru site; however, the presence of the other peaks at
757 cm~! and 1452 cm™%, and a broad band at ~1100
cm™1, was unexpected. Such modes have not been
reported for either Ru-1222 or Ru-1212. Relatively high
frequency of two peaks (above 1000 cm™?) indicates that
the new vibrations do not correspond to the phonons in
the oxide material, but more likely originate from
intermolecular vibrations in a molecular group. More-
over, the observed frequencies correspond well to the
COz72 group which coordinates a metal ion in the mono-

dentate manner.l” It is interesting that a fully sym-
metric mode at ~1000—1100 cm~1, which is well pro-
nounced in the alkaline-earth carbonates, has very low
intensity in our superconducting Ru-1222 sample, there-
fore we may conclude that SrCO3; cannot be an explana-
tion of CO372 group presence on one hand, and, on the
other hand, carbonate group should be bridging Cu
atoms similar to CO372 group in Ba;CaCu,0g14(C0O3),18
Bai5SrosCuO314(COs)y,t® or SroCu0,(CO3).2° The last
compound itself could not be responsible for the ob-
served spectrum because it has a strong phonon mode
at 500 cm~! and a strong broad band at ~1200 cm™1,

(17) Nakamoto, K. Infrared and Raman spectra of Inorganic and
Coordination Compounds, A Wiley-Interscience Publication; John
Wiley and Sons: New York, 1978.

(18) Kikuchi, M.; Izumi, F.; Kikuchi, M.; Ohshima, E.; Morii, Y.;
Shimojo, Y.; Syono, Y. Physica C 1995, 247, 183.

(19) Mertelj, T.; Mateev, D.; Matacotta, F. C.; Pal, D.; Stastny, P.;
Nozar, P.; Jiang, Q. Solid State Commun. 1992, 84, 1115.

(20) Nakata, H.; Akimitsu, J.; Katano, S.; Minami, T.; Ogita, N.;
Udagawa, M. Physica C 1995, 255, 157.
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while the mode at 1450 cm™1 is extremely weak or even
completely absent.

Thus, according to the electron diffraction data, the
superconducting sample of Ru-1222 ceramics contains
an epitaxial satellite phase with the triple perovskite
structure and lattice parameters corresponding to
EuSr,Cusz—xRuyO7+; (x is small), and according to Raman
spectroscopic data collected from the crystalline grains,
it contains CO372 bridging groups. On the basis of those
facts we speculate that the composition of the parasitic
epitaxial phase is EuSr,Cus—«(C0O3)xO7+; likely doped
with Ru into the Cu chain site. At the moment we do
not have solid data on the exact chemical composition
of this phase and its structure, however profound
studies are currently in progress. We would like to
stress that even though high-Tc carboxycuprates were
regarded as an elegant idea or a game of mind about
10 years ago, their existence becomes evident after
synthesis of (Co_4CUo_6)Srz(Yolgesro,M)CUzOLZl (Bal_xer)z-
CU14yO212y12(CO3)1-y,? Y16Cap4BasCus011(CO3),%% and
other superconducting carboxycuprates.

We were surprised to find CO3z~2 vibrations in the
Raman spectra of our superconducting Ru-1222 ceram-
ics because we made special efforts to exclude inhomo-
geneity by use of highly homogeneous precursors, and
to remove carbonates by conducting annealing in the
dynamic vacuum and in the oxygen flow. Note that all
of the studies on the Ru-1222 cited in this report make
use of conventional ceramic methods, take SrCO3; as a
starting reagent for the synthesis, and do not check the
presence of CO372 groups in the lattice. In general, high
valence cation doping into the copper chain site is
required to stabilize the YSr,Cu3z0O; phase under normal
pressure.?* Although without doping it can be prepared
only at high pressure, we should not exclude that in our
particular case it may form under normal pressure due
to the epitaxy on the suitable substrate, Ru-1222, or due

to doping by a carbonate group into the chain site. The
superconducting transition in carbon-free YSr,CusOy
occurs at Tc = 60 K,25 which is rather high compared
to the T¢ of Ru-1222 samples. However, according to
Akimitsu et al.2® (Yo_5ca.o_5)o,95$r2,05CLI2_4(COg)0_60y reached
zero resistivity at 38 K. More interesting fact is that
such a compound was obtained at 1050 °C — the optimal
temperature for synthesis of Ru-1222. Although calcium
is absent in our system, we should also expect lower
COs32 concentration because of lower CO, partial pres-
sure in our synthesis procedure. The conclusion about
low CO3~2 content can be made considering longer c-axis
in the satellite phase compared to (Yo5Cao5)0.95Sr2.05-
Cu2.4(C03)0.60y. In such a case one may anticipate the
value of T¢ equal to 20—40 K also for the observed
satellite compound. Of course, our observation of the
intergrowth of an oxocarbonate in Ru-1222 may be
restricted to only the specific synthetic method, though
the formation of EuSr,Cus—x(CO3)xO7+, epitaxial para-
sitic phase in our Ru-1222 ceramics might be a good hint
for explanation of superconductivity and ferromag-
netism appearance in this material. Although Yang et
al.?” have also reported observation of metastable
superstructures in the RuSr,Gd; 4Ce sCu,019 samples
prepared by conventional ceramic method, it is difficult
to make a direct comparison between the samples
because conventional Ru-1222 specimens seem to have
a more abundant set of superstructures. We believe that
more profound investigation of Ru-1222 real structure
is necessary to have an adequate view of the solid-state
chemistry and physics of this material. Taking into
account possible variable oxygen concentration in the
satellite phase one may expect quite broad range of T¢
for superconducting Ru-1222 ceramic samples. However
oxygen nonstoichiometry might be restricted by the
lattice matching between Ru-1222 and the parasitic
phase because change of EuSr,Cus_(CO3)xO74, lattice
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parameters upon oxidation or reduction should increase
strain due to the lattices mismatch.

In conclusion, we should emphasize that extremely
long synthesis or use of high oxygen pressure for
preparation of superconducting Ru-1222 ceramics are
the conditions which favor gradual ruthenium oxide
escape from the sample?8 and formation of EuSr,Cuz—y«-
(CO3)xO74, superconducting layers. We would like to
note that a conclusion about coexistence of supercon-
ducting EuSr,Cus_«(CO3)xO7+, and intrinsically ferro-
magnetic RuSr;Eu; sCepsCu2019 compounds in the Ru-
1222 ceramics is consistent with the recent profound

(28) Bell, W. E.; Tagami, M. J. Phys. Chem. 1963, 67, 2432.
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studies of the electrical and magnetic properties carried
out by Xue et al.'* who have found that superconductiv-
ity and ferromagnetism possibly appear as a result of
the phase separation and, in addition, the volume
fraction of the Meissner phase is small.
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