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Abstract. X-ray absorption measurements have been performed on BaTiO3 and SrTiO3 at the Ti K edge under pressure. 
For BaTiO3, the phase transformation to the cubic phase is observed at 2 GPa. In this structure the Ti atoms remain off 
centre with respect to the oxygen octahedron up to 10 GPa. Above this pressure the Ti atoms are at the centre of the 
octahedron. For SrTiO3, a first transformation is observed above 5 GPa with a modification of the pre-edge features. A 
second one is observed close to 14 GPa with a complete change of the absorption spectrum. 
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INTRODUCTION 

ATiO3 perovskites often exhibit distortions from 
the ideal cubic structure due to instabilities related to 
the off centre position of the Ti atom with respect to 
the oxygen octahedron (BaTiO3, PbTiO3) or the tilt of 
the octahedra (CaTiO3). SrTiO3, which is cubic at 
ambient conditions, is supposed to be undistorted.  

Under pressure, phase transformations occur 
corresponding to the vanishing of the ferroelectricity 
(BaTiO3: tetragonal ⇒ cubic) or to the onset of the 
antiferrodistorsive (AFD) distortion (SrTiO3: cubic ⇒ 
tetragonal). These transitions have been determined by 
x-ray [1] or neutron diffraction [2], by Raman [3,4] 
and Brillouin [5] spectroscopies. Some questions about 
the local order around the Ti atom (local ferroelectric 
distortion) and the existence of broad Raman modes in 
the cubic structure (not allowed by the selection rules) 
remain open. 

X-ray absorption spectroscopy at the Ti K edge is 
well adapted to answer these questions. In particular 
the pre-edge part of the spectrum has been shown to be 
very sensitive to the off centre position of the Ti atom 
in the surrounding oxygen octahedron [6]. Due to the 
combination of third generation synchrotron light 
sources and of a specific design of the diamond anvils 
of the high pressure cell, high pressure XAFS 
experiments at the Ti K edge (4966 eV) are now 
possible. 

In this paper we present results obtained under 
pressure on SrTiO3 up to 23 GPa and BaTiO3 up to 20 
GPa. 

EXPERIMENTAL 

Experiments have been performed at the LUCIA 
beamline [7] of the SLS (Swiss Light Source) 
synchrotron facility (PSI, Villigen, Switzerland) at the 
Ti K edge (4.966 keV) in a membrane diamond anvil 
cell [8]. The sample was loaded in the 100 µm 
diameter hole of a pre-indented inconel gasket with 
methanol-ethanol-water (16:3:1) mixture as pressure 
transmitting medium and a ruby sphere [9] to measure 
the pressure. The diameter of the diamond culets was 
200 µm. Different experiments performed on single 
crystals or powdered sample have given the same 
results. Thanks to the focusing optic of the beamline 
(two mirrors in the Kirkpatrick-Baez geometry), the x-
ray beam spot was smaller than 5 x 10 µm2 (FWHM). 
The spectra were recorded in the transmission 
geometry. The main difficulty in performing such an 
experiment is that the absorption of the x-rays by the 
diamond anvils may be too high to enable transmission 
measurements. In order to reduce this absorption we 
have used thin diamonds (500 µm thick) mounted on 
fully perforated diamond anvils [10,11]. Using this 
geometry, the total transmission of the two anvils is 
2x10-3 at 5 keV, which is not too low considering the 
high incident flux (2 1011 ph/s/0.1%bw in the x-ray 
spot). The entire experiments, including pressure steps 
and pressure measurements, have been performed 
under vacuum in order to reduce absorption by air.  



RESULTS  

One of the main characteristic features observed in 
the absorption spectra of the titanate perovskites is the 
existence of peaks observed below the Ti K absorption 
edge. There are four such features, labeled A, B, C1 
and C2. 

SrTiO3 

Figure 1 shows the pre-edge part of the X-ray 
absorption spectra of SrTiO3 at the Ti K edge for 
different pressures. At the transition the peak labeled 
A remains unchanged while the other features are 
slightly modified. In particular the intensity of the 
peak B decreases which means that the Ti atom was 
not exactly at the centre of the oxygen octahedron in 
the low pressure phase (cubic). Because SrTiO3 is not 
ferroelectric at ambient conditions, the displacement of 
the Ti atom has to be disordered. The spectrum 
recovers its initial shape when pressure is released. 

 

 
FIGURE 1. Pre-edge part of the absorption spectrum of 
SrTiO3 at the Ti K edge for various pressures.  

FIGURE 2.  XANES of SrTiO3 at the Ti K edge at 7.8 GPa 
(tetragonal phase) and 21.8 GPa (new high pressure phase) 

 

When pressure is increased above 14 GPa a 
complete change of the spectrum is observed. The 
modification of the XANES is shown in Figure 2. 

In the new phase, the pre-edge feature A is shifted 
to low energy while the feature C1 is shifted to higher 
energy. Such variation can be reproduced by 
calculations when a strong distortion of the oxygen 
octahedron is included6. This transition is also 
reversible when pressure is released. 

BaTiO3 

Figure 3 shows the evolution with pressure of the 
pre-edge of BaTiO3. At room pressure the feature B is 
more intense than in the case of SrTiO3. This 
enhancement of this peak is due to the off-centre 
position of the Ti atom with respect to the oxygen 
octahedron (BaTiO3 is ferroelectric at ambient 
conditions). 

 
FIGURE 3. Pre-edge part of the absorption spectrum of 
BaTiO3 at the Ti K edge as a function of pressure. 

 
When pressure increases, the intensity of the pre-

edge feature B decreases up to 10 GPa and remains 
constant above this pressure (Figure 4).  

FIGURE 4. Variation of the feature B intensity with 
pressure. The vertical line indicates the tetragonal to cubic 
phase transition. The other lines are only guide for the eyes. 
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At the transition, a clear discontinuity in the 
intensity of the feature B occurs, but the peak remains 
intense which indicates that the Ti atom is still out of 
centre with respect to the oxygen octahedron. In the 
high pressure cubic phase, local rhombohedral 
distortion remains, as it is the case for the high 
temperature cubic phase [12,13]. This distortion 
decreases when pressure is increased up to 10 GPa and 
disappears above this pressure, where the intensity of 
the feature B does not change anymore. As in the case 
for SrTiO3, a small shift to higher energy of feature B 
is observed.  

DISCUSSION 

One of the remaining questions about titanate 
perovskites was the origin of broad Raman peaks in 
the cubic phase, where they are not allowed by the 
selection rules. A possible explanation for the 
existence of a Raman activity is an off-centre position 
of the Ti atom in the structure which would modify the 
selection rules. Another possible explanation is a 
strong anharmonicity of the vibrations which could 
induce second order Raman activity. This would also 
explain why the Raman bands are so broad. 

 The Raman activity is observed for BaTiO3 up to 
30 GPa (at least) and for SrTiO3 up to 14 GPa, 
whatever the structure, cubic or tetragonal. We have 
shown in the preceding section that the Ti atom was 
off-centre in the cubic phase of SrTiO3 but not in the 
tetragonal one and that for BaTiO3 the Ti atom was at 
the centre of the oxygen octahedron above 10 GPa, 
where Raman activity is still observed. Therefore there 
is no correlation between the position of the Ti atom 
and the Raman activity. Therefore the first explanation 
for the Raman activity can be rejected. On the other 
hand our results are not in contradiction with the 
second hypothesis. 

CONCLUSION 

We have shown that SrTiO3 at ambient conditions 
was locally slightly distorted with the Ti atoms 
displaced from the centre of the oxygen octahedron. 
This displacement vanishes above 5 GPa when SrTiO3 
undergoes a phase transition to the tetragonal phase. 

BaTiO3, ferroelectric at ambient conditions, keeps 
its local distortion in the cubic high pressure phase. 
The local displacement of the Ti atom is reduced at the 
transition and vanishes at 10 GPa. Above this pressure, 
the Ti atom is the centre of the oxygen octahedron.  

Finally we have demonstrated that the origin of the 
Raman activity for both titanate perovskites was not 
related to the off-centre position of the Ti atom. 

ACKNOWLEDGMENTS 

We acknowledge the support of the European 
Commission under the 6th Framework Program 
through the Key Action: Strengthening the European 
Research Area, Research Infrastructures. Contract no. 
RII3-CT-2004-506008 

REFERENCES 

1. Ph. Pruzan, D. Gourdain, J.C. Chervin, B. Canny, B. 
Couzinet and M. Hanfland, Solid State Com. 123, 21 
(2002). 

2. S.A. Hayward, S.A.T. Redfern, H.J. Stone, M.G. 
Tucker, K.R. Whittle and W.G. Marshall, Z. 
Kristallogr. 220, 735 (2005). 

3. U.D. Venkateswaran, V.M. Naik, R. Naik, Phys. Rev. B 
58, 14256 (1998). 

4. A.G. Grzechnik, G.H. Wolf and P.F. McMillan, J. 
Raman Spectrosc. 28, 885 (1997). 

5. B. Bonello, M. Fisher and A. Polian, J. Acoust. Soc. Am 
86, 2257 (1989). 

6. D. Cabaret, B. Couzinet, A.M. Flank, J.P. Itié, P. 
Lagarde and A. Polian, poster Tu-PO.120, these 
proceedings and references herein. 

7. A.M. Flank, G. Cauchon, P. Lagarde, S. Bac, M. 
Janousch, R. Wetter, J.-M. Dubuisson, M. Idir, F. 
Langlois, T. Moreno and D. Vantelon Nucl. Instr. Meth. 
B 246, 269 (2006). 

8. R. Letoullec, J.P. Pinceaux, P. Loubeyre., High 
Pressure Research 1, 77 (1988).  

9. J.C. Chervin, B. Canny and M. Mancinelli, High 
Pressure Research 21, 305 (2002).  

10. A.Dadashev, M.P. Pasternak, G. Kh. Rozenberg and 
R.D. Taylor, Rev. Sci. Instr. 72, 2633 (2001). 

11. J.P. Itié, F. Baudelet, A. Congeduti, B. Couzinet, F. 
Farges and A. Polian, J. Phys.: Condens. Matter 17 S 
883 (2005). 

12. B. Ravel, E.A. Stern, R.I. Vedrinskii and V. Kraizman, 
Ferroelectrics 206, 407 (1998). 

13. E.A. Stern, Phys. Rev. Lett. 93, 037601 (2004). 
 



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


