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Fig. 1. (Color onling) Chemical primitive unit cell of a normal spinel
structure of (A)[B2]O, and the atomic sites in the cell. In a norma
spinel structure, A and B ions are located a the tetrahedrd and
octahedra sites, respectively.
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Fig. 2. Occupation of the crystal-field-split 3d levels for high-spin Fe?
and Mn? ions &t the tetrahedral (Tg) A sites in a norma spinel
structure of (A)[B]O, in the cubic phase.
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Fig. 3. (Color online) (a) Cr 2p XAS spectra of TCr,O, (T = Fe, Co,
Ni) in comparison with Cr,O; as a reference spectrum for a trivalent
(Cr®) system.
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Fig. 4. (Color online) (a) Fe 2p XAS spectra of FeCr,0, in comparison
to the reference Fe oxides, such as FeO (F€') and o-Fe,0; (Fe™).
Similarly for (b) Co 2p XAS spectrum of CoCr,0O, in comparison to the
reference Co oxides, such as CoO (Co?") and AgCoO, (Co*), and (C)
Ni 2p XAS spectrum of NiCr,O, in comparison to the reference Ni
oxides, such as NiO (Ni?") and PrNO; (Ni®).
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I nvestigation of Electronic Structures of TCr,0O,4 (T = Fe, Co, Ni) Spinel Oxides
by Employing Soft X ray Synchrotron Radiation Spectroscopy

Hyun Woo Kim, Jihoon Hwang, D. H. Kim, Eunsook Lee, and J.-S. Kang™*
Department of Physics, The Catholic University of Korea, Bucheon 420-743, Korea

(Received 23 September 2013, Received in final form 18 October 2013, Accepted 21 October 2013)

The electronic structures of TCr,0O,4 (T = Fe, Co, Ni) spinel oxides have been investigated by employing synchrotron radiation-based
soft X ray absorption spectroscopy (XAS). The measured 2p XAS spectra of trangition-metal ions reved that Cr ions are trivalent
(Cr*), and dl the T (T = Fe, Co, Ni) ions are divaent (Fe*, Co?*, Ni?*). It is aso found that most of T (T = Fe, Co, Ni) ions occupy
the A sites under the tetrahedral symmetry, while Cr ions occupy mainly the B sites under the octahedral symmetry. These findings
show that the structures of TCr,O4 (T =Fe, Co, Ni) are very close to the norma spinel structures. Based on these findings, it is
expected that Jahn-Teller (JT) effects are important in FeCr,O, and NiCr,O,. In contrast, CoCr,O, maintains the cubic structure
without having the JT distortion since both Cr** and Co?" ions are non-JT ions. This work suggests that the antiferromagnetic
interaction between Cr®* and T2" ions plays an important role in determining the magnetic properties of TCr,O, (T = Fe, Co, Ni).

Keywords: TCr,0,, spinel oxides, XAS, eectronic structure




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


