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Introduction

The Lny,SrCo00s,5 solid solution oxides crystallise in
perovskite-type ABO; structures with a lanthanide ion (e.g.
La*") or an alkaline earth ion (e.g. Sr**) at the A site and
with a cobalt ion at the B site. These oxides are subject of
many studies because of their unique physical properties. It
was recently shown that the presence of oxygen vacancies
changes the valence state of Co ion. The oxygen content
may thus influence the structural, electrical and magnetic
properties of these materials. A distinctive feature that re-
sults from the oxygen deficiency is so-called mixed conduc-
tivity. This phenomenon is based on a combination of high
ionic conductivity and high electronic conductivity [1]. It
opens possibilities for practical applications of these materi-
als as high temperature ceramic membranes [2] and as cath-
ode materials for solid oxide fuels [3-5].

Ln,,SrCo03; undergoes phase transitions which are
dependent on the kind and substitution amount of the lan-
thanide ion [6,7]. At ambient conditions, the compound
La;,Sr,Co0s3 ;5 crystallises in R-3c space group up to x = 0.5,
and Pm-3m for x from 0.6 to 0.8 [8]. The crystal structure
may depend on the oxygen content. James et al. [6,7] have
detected, using electron and neutron diffraction techniques,
that the samples with x = 0.6 and 0.8 exhibit a weak oxygen-
vacancy-based tetragonal (I4mmm) superstructure with
doubled ¢ parameter. Recently it has been shown that for
highly Sr-substituted Lag33SresC005.s With 0xygen vacan-
cies (0 <5< 0.5) three structure types are observed depend-
ing on the Svalue [9].

There exist only few studies on magnetic properties of
lanthanide strontium cobalt oxides under pressure (e.g.
[10,11,13]). The structural behaviour under pressure has
been studied for Lagg,Sry18C003, only [13]. In this study,
the pressure dependence of lattice parameters is determined
in situ by X-ray diffraction at a high-pressure (HP) dedi-
cated synchrotron beamline for oxygen deficient samples of
SrCo0, g5 and Lag 33Sr0,6,C00; gs.

Experimental

Phase analysis was performed using a laboratory X'Pert
PRO MPD powder diffractometer. The HP studies were
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carried out at F2.1 beamline (Hasylab/DESY) using a cubic
anvil X-ray diffraction press MAX80. Measurements were
done using the energy-dispersive (EDXRD) mode. The
diffraction angle was fixed at 4.508°. NaCl was used as
pressure transmitting medium (NaCl to sample volume ratio
was 5:1) and its 002 line served as a pressure calibrant. The
diffraction measurements were carried out in the pressure
interval of 0-43.2 kbar at 30(x2)°C. 111 diffraction peak
was used for determination of the lattice parameter, as other
ones overlap with NaCl peaks for the highest pressures. The
bulk moduli (K,) were determined by fitting the second
order Birch—-Murnaghan equation of state (with K' fixed at
4) to the experimental data, using the EOS program [12].

Results and discussion

Phase analysis indicates a simple cubic perovskite cell for
Lag 33Sr067C00;65. FOr SrC00, g5 @ small distortion is possi-
ble as indicated by a slight splitting of the cubic 002 and
310 peaks; moreover, some weak peaks (height < 1.2%)
belonging to secondary phases are present. X-ray diffraction
spectra (shown for eight selected pressures in Figure 1)
indicate no structural phase transition in the studied pressure
range.

The unit cell volumes as a function of pressure deter-
mined from diffraction data are presented in Figure 2. Ex-
perimental points were fitted to the Birch-Murnaghan equa-
tion of state in the range of 0 - 23 kbar for SrCo0O,gs and 0 -
38 kbar for Lag33Srgs;C00,45. Some deviations from the
model observed above 23 kbar for the former sample and
near 5-7 kbar for the latter are thought to non-fully hydro-
static conditions inside the press. Other reasons such as a
change of the structure under pressure cannot be fully ex-
cluded. The discrepancies observed for the highest pressures
studied may be also influenced by inaccuracies in deconvo-
luting of the 111 oxide peak and 100 peak of hBN (hexago-
nal boron nitride, the sample-container material).

The fitting results show that Lag33Srgs,C00,¢5 is much
less compressible than SrCo0,gg (Ky=1540(25) and 790(15)
kbar, respectively; cf. Fig. 2). This finding correlates with
recent results of magnetic measurements [11] showing that
the phase-transition temperature T, varies faster with pres-
sure for SrCo0, gz (i.€. the value of dTc/dP is higher). Com-
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parison with literature data indicates a more general trend: a
partial or full replacing of Sr atoms by La atoms results in a
considerable increase of K, The bulk modulus for our
Lay33Sre67C00, 65 sample is virtually identical to that for
rhombohedral La-rich samples in this system determined by
other groups using the diamond-anvil cell technique, namely
for LaggySry18C00; and LaCoO; (K=1580(80) kbar [13],
and 1500(20) kbar [14], respectively). Neglecting the possi-
ble influence of the oxygen nonstoichiometry and some
structural differences, it seems that the bulk modulus does
not vary in a broad range of Sr:La ratio. However, the most
recent experiments (performed with a different pressure
marker) vyield a relatively low value for LaCoOs;,
Ko=1220(30) kbar [15]. Therefore, the influence of compo-
sition on bulk modulus in this system requires more detailed
studies.
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Figure 1. X-ray diffraction patterns under pressure for
SrCo0; g (Upper left panel) and Lag33Srgs;C00;85 (Up-
per right panel). The reflections from the oxides are in-
dexed and connected (as a guide to eye) by solid lines.
Peaks belonging to hBN (sample container) and NaCl are
marked by "*" and "N", respectively. Fast changing 002
and 004 peaks of hBN are connected by dotted lines. The
numbers on the right refer to the pressure values (in kbar
units). "La" indicates the La fluorescence lines.

Figure 2. Variation of the relative unit-cell volume with
pressure for both studied samples. The solid lines refer to
fitted Birch-Murnaghan equation of state.

33

(4]

[5]
(6]
(71
(8]
[9]

[10]

[11]

[12]

[13]

[14]

[15]

VIV,

ter. Sci. Eng. B 52 (1998) 105.

M. Krumpelt, J. Ralph, T. Cruse, J.-M. Bae, paper presented
at 5th European SOFC Forum, July 1-5, 2002 (Lucerne,
Switzerland).

A. Weidenkaff, S.G. Ebbinghaus, T. Lippert, Chem. Mater.
14 (2002) 1797.

M. James, D. Cassidy, D.J. Goossens, R.L. Withers, J. Solid
State Chem. 177 (2004) 1886.

M. James, T. Tedesco, D.J. Cassidy, R.L. Withers, Mater.
Res. Bull. 40 (2005) 990.

R.H.E. van Doorn, AJ. Burgraaf, Solid State lonics 128
(2000) 65.

S. Kolesnik, B. Dabrowski, J.
Baszczuk, unpublished.

I. Fita, R. Szymczak, R. Puzniak, 1.0. Troyanchuk, J. Fink-
Finowicki, Ya.M. Mukovskii, V.N. Varyukhin, H. Szym-
czak, Phys. Rev. B 71 (2005) 214404.

J. Pigtosa, A. Wisniewski, R. Puzniak, S. Kolesnik, M. Maj-
jiga, B. Dabrowski, to be presented at XI Natl. School "High
Temperature Superconductivity and Other Phenomena in
Perovskites" (Kazimierz Dolny, Sept. 2005).

R. Angel, in: R.M. Hazen, R.T. Downs (eds) High-pressure
and High-temperature Crystal Chemistry. MSA Reviews in
Mineralogy and Geochemistry 41 (2000), p. 35.

R. Lengsdorf, M. Ait-Tahar, S.S. Saxena, M. Ellerby, D.I.
Khomskii, H. Micklitz, T. Lorenz, M.M. Abd-Elmeguid
Phys. Rev. B 69 (2004) 140403.

T. Vogt, J.A. Hriljac, N.C. Hyatt, P. Woodward, Phys. Rev. B
67 (2003) 140401.

J.-S. Zhou, J.-Q. Yan, J.B. Goodenough, Phys. Rev. B 71
(2005) 220103.

Mais, M. Majjiga, A.

i NI a0 211
5 4
2 |
p}
_8' -
&
=2
z A
<
I
Bl
D
2 -

= *

La 111 La 200 * 211
T T T T T T
20 25 30 35 40 45 50 55
energy (keV)
1,005+ . Lau.assro s7cooz.as
1,000 o SrCoO,
0,995 B-M fit
0,990
K, = 1540(25) kbar
0,985
0,980
0,975 i
HH
0,970 K, =790(15) kbar ~ ro
0,965
H:HH:H

0,960 oo
0,955 Trrr T o

P (kbar)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>






    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /POL <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [2834.646 3401.575]
>> setpagedevice


