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Nanoclusters and nanostructures possess new magnetic properties when compared to 

the bulk materials. For example, the critical cluster size exists ensuring the first order 
magnetic phase transitions (FOMPT) [1, 2] when cluster magnetization disappears by jump. 
This critical cluster size is analog the critical magnetic points (the Curie or Neel points) for 
the FOMPT in the bulk magnetic materials that dramatically differ from superparamagnetic 
behavior. In this work we deal with 3 nanosystems showing FOMPT: 1) 1-3 nm isolated iron 
oxide clusters localized in (A) copolymer styrene and divinylbenzen and (B) polyacryl acid 
and polyethylenimide matrixes, 2) 30-50 nm disordered iron oxide nanoclusters obtained at 
the outset of sintering, 3) 10-15 nm iron oxide nanoclusters prepared from reversed micelle 
and template-sending showed cluster ordered structure. We discuss thermodynamic models of 
magnetic phase transitions in nanoclusters taking into consideration the cluster-matrix, 
cluster-cluster interactions, surface tension, influence of defects and stresses and intercluster 
ordering.  

In the system 1) the FOMPT was observed by Mössbauer spectroscopy and 
magnetization measurements. For the matrix (A) a week cluster-matrix interaction was 
observed and the FOMPT was interpreted in terms of action of surface pressure up to 1GPa 
and compressibility of iron oxide clusters at the temperature range 4.2-6K. In the matrix (B) 
the origin of the FOMPT we discuss in terms of strong influence of cluster-matrix interaction 
and the influence of surface tension and magnetic anisotropy in the vicinity 3K-6K.  

Iron oxide nanosystems 2) obtained by thermal decomposition of ferric oxalate 
showed structure disorder. The FOMPT in these nanosystems was observed at 20 - 300K and 
was found to be dependent on structure defect density. Shear stress under high pressure action 
was the reason why a great number of iron oxide clusters have been involved in magnetic 
phase transition whereby the transition temperature decreased because of severe plastic 
deformation and structure defect generation. For nanosystem consisting of iron oxide and 
nanostructured metal europium the effect of plastic deformations of Eu caused first-to-second 
order change of magnetic phase transition accompanied by an increase in the Neel point.  

In the cluster ordered system 3) we observe fivefold increase of magnetization and 
increase of Curie or Neel temperature than compare with disorder iron oxide nanocluster 2) 
and with disordered iron oxide nanoclusters obtained by aerosol technique (NaCl-Fe(NO3)3 
thermal decomposition). The ordered nanosystem 3) again demonstrates the FOMPT. In 
contrary, the disordered nanoclusters obtained by aerosol technique showed only 
superparamagnetc behavior. As compared to NaCl-doped iron oxide nanoclusters showing 
superparamagnetic behavior the cluster organized iron oxide nanosystems showed 
considerable magnetization and coercitive force. These effects саn be interpreted in terms of 
the FOMPT like in the system 1) and 2). The possible reason in this case is the peculiar 
nanocluster ordered structure with its specific Curie or Neel temperatures generated by 
intercluster exchange interaction. 
 
[1] I.P. Suzdalev, V.N. Buravtsev, V.K. Imshennik, Yu.V. Maksimov, V.V. Matveev, S.V. 

Novichikhin, A.X. Trautwein, H. Winkler, Z.Phys. D. 37 (1996) 55-76.  
[2] I.P. Suzdalev, V.N. Buravtsev, V.K. Imshennik, Yu.V. Maksimov, Scripta mater. 44 (2001) 1937-

1941.  

151 



<<
  /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 600
  /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 600
  /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 <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (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.)
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


