LAT=> Journal of the Korean Magnetics Society 27(4), 140-144 (2017)

Cubane T-%25

ISSN (Print) 1598-5385
ISSN (Online) 2233-6648

https://doi.org/10.4283/JKMS.2017.27.4.140

Electronic and Magnetic Structure Calculations of Cubane-type Co,
Magnetic Molecule

Key Taeck Park™
Department of Nanoelectrophysics, Kookmin University, Seoul 02707, Korea

(Received 21 July 2017, Received in final form 11 August 2017, Accepted 14 August 2017)

We have studied electronic and magnetic structure of cubane-type Co magnetic molecule using density functional method. The
calculated density of states show Co™ ionic state and high-spin state because of large exchange interaction between inside Co 3d
electrons. The exchange interaction J between Co atoms depends Co-O-Co angle. The calculated J is ferromagnetic with right angles.
On the other hand J is antiferromagnetic with large angles since super-exchange interactions between Co™? atoms. It induces that Co
cubane has a antiferromagnetic spin structure of AFM1 = [TT{]
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Fig. 1. (Color online) (a) The molecular structure of Cu cubane. The
red, silver, yellow color atoms are oxygen, nitrogen and sulfur atoms,
respectively. (b) The molecular structure of Co-O(N). The red and
silver color atoms are oxygen and nitrogen atoms, respectively.
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Table IL. The calculated exchange parameter J (cm™") .
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Table 1. The calculated total energies (meV) for Co-cubane with different spin structure. We set the FM energy to zero.

FM AFM1 AFM2 AFM3 FER1 FER2 FER3 FER4
GGA 0 -39 72 13 9 13 8
LDA+U 0 -9 9 -1 1 0 -1
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Fig. 2. The calculated partial density of states of Co cubane with
GGA method. The solid and dotted line represents up and down spin
state, respectively.

Fig. 3. (Color online) The electron density of HOMO.
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Fig. 4. (Color online) The electron density of LUMO.

Table II1. The average angles for Co-O-Co and the average distances
between Co and O.

12 13 14 23 24 34

Angle () 91 100 99 98 100 92
Distance (A) 2.098 2.075 2.081 2077 2.063 2.082

85 s geA ok olefst 2ushds Ak o8| 7t
E7F AR PR RS stelet A5 o Utk

Ji&t S O ol Y8 AR kS BojE o)s 9
21 A7 & Co-0-Co ZF=(98~99°Y5 7HAaL glont
Col1-0-Co3, C02-0-Co4 HT} Z+%7} 2o, Co-0 A
S e AAE Ateldl] HIE| Z7) Ao}, A2 nEdE
Zkgo] e Q.

9] o]2E AFTAEL Col-Co2, Co3-Cods A,
Col-Co3, Co2-Cod= HEIAAHQl AFMI AP7|7-27}) 783
oS B tE vIER cubane 722 Co #AKRMI
A FH9 AHEAF vjEF} Co-0-Co 4% Wt o3 &
Fol Ap1H AES HolE Aol o=H).

v. 4 =

Cubane T32] Co EARAMIAS] ZAF28} AP |F2E ©]
askr] f1al Ahe)e] "AE ALk AT Cool A}
TE= +2FE 7HAA IS, FaA Y iiRte] 2737l
A& 15, e 2 FEEAT}. 770 HAE up-spine TF XL,
down-spin £, AUAAE] 2} U= high-spin FENIE B
AFAt.

ZAuge] W FoA|A] AlLtellXl GGA, LDA+U ALt
25 Col-Co2= Co3-Cod= 7FAMA, Col-Co3d Co2-Co4



— 144 - Cubane T+

HEAMER] ARMI A7 718 e YRS 7R 9
ot A AHZRE Co AR} Alo]o] wgWdsakg J
=A7E 3. T8 Col-Co2(Co3-Cod)e J ZHe T
QAR Col-Co3 5)9] J #HET AR & gkS 7HAa 9
ATk o3 YA Co-0-Co =7} A7 A= A,
o|HT} F ZEdMe HJ‘ZH ZwdPgsAgo] Yot wk
A ARMI ZJE7} QPgES o T°iE‘r ol1gt vielel
7] Zfwel] mE 2] 45‘— 35 HoFol wet, ofe 2t
A1) wifRp el wEF ATERE dSsta AAE
U= Fol2t 7|t etk

M o ¥ rir

References

[1] K. N. Ferreira, T. M. Iverson, K. Maghlaoui, J. Barber, and S.
Iwata, Science 303, 1831 (2004).

[2] S. Yoon and S. J. Lippard, J. Am. Chem. Soc. 126, 2666
(2004).

[3] S. Yoon, Private communication (2016).

[4] T. M. Wilson, Int. J. Quantum Chem. IIIS, 757 (1970).

2 7431 Co, BAARA L AATE L A7 FZAR 2]

[5] K. Terakura, A. R. Williams, T. Oguchi, and J. Kiibler, Phys.
Rev. Lett. 52, 1830 (1984).

[6] K. Park, J. Korean Magn. Soc. 22, 121 (2012).

[7] K. Park, J. Korean Magn. Soc. 26, 119 (2016).

[8] P. Hohenberg and W. Kohn, Phys. Rev. 136, 864 (1964).

[9] www.openmx-square.org.

[10] T. Ozaki, Phys. Rev. B 67, 155108 (2003).

[11] T. Ozaki and H. Kino, Phys. Rev. B 69, 195113 (2004).

[12] N. Troullier and L. J. Martine, Phys. Rev. B 43, 1993 (1991).

[13] J. P. Perdew, K. Burke, and M. Ermzerhof, Phys. Rev. Lett. 77,
3865 (1996).

[14] K. Terakura, T. Oguchi, A. R. Williams, and J. Kiibler, Phys.
Rev. B 30, 4734 (1984).

[15] M. J. Han, T. Ozaki, and J. Yu, Phys. Rev. B 74, 045110
(20006).

[16] C. Cao, S. Hill, and H. Cheng, Phys. Rev. Lett. 100, 167206
(2008).

[17] S. M. Hayden, G. Aeppli, R. Osborn, A. D. Taylor, T. G. Per-
ring, S. W. Cheong, and Z. Fisk, Phys. Rev. Lett. 67, 3622
(1991).




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


