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Oxynitride Perovskites: Basic Concepts
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Substitution 02~ ——N3-:

-Creates donor level between
valence and conduction bands,
which decreases the band gap,
resulting in semi-conducting
compounds.

- Causes absorption in the visible
light range (400nm - 800nm)
resulting in coloured materials.
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Nitridation of thin films

~Thin films of La,Sr(1.,)TiO3.x
were grown by laser ablation on
STO and MgO substrates.

-The films were reacted with NH; at
950°C for 3h.

SEM images of the oxynitride thin film,
with x=1 (LaTiO,N (a) and cross
section of x= 0.5 (b).
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XRD pattern of the éxynitride films grown by laser ablation on MgO
substrate (left) and by spin coating on STO (right).

———— | -Thelaserablated films are
denser than the spin coated ones.

-The electrical sheet resistance of
=08 the laser ablated films varies from
oz T 90 to 600Q2 at 300K, and the

% = resistance of the spin coated
films varies from 100Q to 20KQ.
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-The laser ablated films grow almost epitaxial with (100) direction,
while the spin coated films have a random orientation.
-Photocatalytic power and Photoconductivity of the oxynitrides
are currently studied.

IR system used to measure the
oxynitrides.
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Typical graph for acetone de-
composition, using P25 a common
photocatalytic.

Conductivity as function of
wavelength of the spin coated film
of Lag 2557 75Ti(O.N)3.
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(a) Oxide single crystal, :
(b) slice of the crystal after ammonolysis
(c) cross section SEM image of the S ..

crystal surface.

-Single crystals of oxide perovskites
(LayTiO7 and Sr,Nb,O7) were grown
by the floating zone technique.

-Slices of these crystals were reacted
with ammonia, resulting in a well
oriented epitactical oxynitride layer on
the crystal surface.
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XRD pattern of Sr,Nb,O; single crystal slice after ammonolysis (left) and
the p ole figure showing the epitactical relationship between the ammono

lysed layer and the crystal (right).
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-Oxynitride perovskite layers were
epitactically grown by nitridation of
the oxide single crystals.

-After ammonolysis the absorption
edge shifts to ca. 450-500nm,
resulting in red-brown colours.
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UV-Vis spectrum of LaTiO,N and
SrNbO,N in comparison to the
corresponding oxides.

-Next stage is the preparation of new single crystalline oxynitride films
by the ammonolysis of single crystals e.g. LaTaO,, CaNbO; 5 or

SrTa0 3 5 and measuring their electrical (Hall effect measurements in
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Anionic Substitutions in Perovskites

R. Aguiar 1), S. G. Ebbinghaus 1), D. Logvinovich 2), A. Reller 1), and A. Weidenkaff 2

1) Universitét Augsburg Lehrstuhl fiir Festkérperchemie  2) Empa Festkérperchemie und -analytik
Universitatsstrasse 1

in ionischen Festkérpem

o
.
N
@

. : o
S8l " « -
00 02 04 05 08 10

Mg content

Band gap width dependence from Ca and Mg content for
La,Caq,TiOp,yN,, and LayTiy  Mg,Oy.94Ny.ox OXynitride
perovskites correspondingly.

Band gap, [eV]
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-Room temperature
crystal structure of
La,Caq,TiO3 4N,
oxynitrides was studied
using Neutron diffraction

10000 | La,Ca, TiO, N,

-At room temperature all
materials crystallize in
Pnma space group.

-No significant O/N
ordering was detected

-Photocatalytic activity
and Transport properties
of the obtained materials
will be investigated.

Rietveld Plot and room
temperature crystal structure of
La0_30&10_7T|02_7N0_3 (Pnma-
space group)

-Thermal reoxidation of

coop. with H.von Wenckstern) and optical properties.

Nitridation of powders

oxynitrides proceeds via E
an intermediate phase K]
formation. &
-The phase keeps the Q
crystal structure of the
parent OXynitride and 600 800 1000 1200 1400 1600 1800
contains nitrogen in form T, K]
of dinitrogen species, TGA of thermal
detected by Raman foi(id:gor,lfﬁ
. LaTiOgN,
Ra doping e leadingto & 1207020502 oy
ping g C.lag.5Ca5Ti02 5Ng 5

by thermal ammonolysis

D Pressure cpntroller

thermal ammonolysis

-Further innovative reactor
concepts, e.g. fluidized bed,
plasma reactors are currently
developed

-(La,Ca,Ba)(Ti,Mg,Co)O,N,,
e.g. LayCaq,TiOp4,Ny (x=10,0.3, 0.5, 0.7, 0.1), LagTi1 Mgy O424N2.ox:
(x=0,0.2, 0.6, 1.0) systems were successfully synthesized from the
corresponding oxide precursors, produced by soft-chemistry methods.
-The nitrogen content, crystal structure, microstructure, optical,
transport and thermal properties of the obtained materials were
investigated by XRD, ND, TGA-DTA-MS, XPS, Hotgas extraction,
RBS,TEM, SEM, PPMS Impedance spectroscopy.

-AMo(O,N)3 , AW(O,N) , AV(O,N)3 (A = Ba, Sr, La) will be
synthesized and characterized

Examples of different microstructures, obtained for the studied )
oxynitrides.

-Rotating cavity reactor for the

the appearance of an
additional signal in the La, Ca, TIO,N

Raman spectra of the
A La,,Ca,,TIOLN,

intermediate and

enhancement of its

kinetic stability . R e b e
A\ Laron

- Intermediates structure

Farman st |

will be studied (coop. AK
Raman spectra of the

Heitjans, NMR)
reoxidation intermediates
of Ca doped LaTiOpN.

Intensity, [a.u]

Study of the late transition
metals incorporation
(Fe,Cr,Co,Mn) into Ti sites

-10% Co substituted LaTiOyN
was synthesized.

-The obtained material
crystallizes in the perovskite
type structure.

-Temperature dependence of
its total conductivity follows
polaronic behaviour

Perovskite-type phase formation for the
thermally ammonolysed LaTiy gCog 103
-Higher level of Co pos
substitution is currently .
under the investigation §

-Mn, Fe, Cr substitution %O'oom -
studies are planned 00000 =%
-Electronic, crystallogra- 60 700 800 900
phic and photocatalytic T, K]

Temperature dependence
of conductivity of
LaTig gCog 1(O,N)3

properties, Seebeck
coefficient, thermal
conductivity will be
tested




<<
  /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 1.4
  /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 1200
  /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 ()
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


