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ILEEMS is a variant of Mössbauer spectroscopy (MS) in which predominantly the 
low-energy electrons, E < ~10 eV, emitted by the probe nuclei in the absorber are counted as 
a function of source velocity. These low-energy electrons are, among others, Auger and 
“shake-off” electrons that are created in the decay process of the probe nucleus immediately 
after resonant absorption and excitation by an incident γ-quantum. As a consequence of their 
low energy, these electrons’ origin lies within a very thin surface layer with thickness of an 
estimated five nanometers. ILEEMS using 57Fe is as sensitive as transmission MS and the 
more common emission variants such as CEMS. Consequently, ILEEMS, in combination 
with conventional transmission MS, is a technique that provides information about the surface 
of Fe-containing substances. 

In a first part of this contribution, we describe the design of a home-made ILEEMS 
instrument allowing the temperature of the investigated sample to be varied continuously 
between 77 K and room temperature. In essence, the instrument is the same as a spectrometer 
for transmission, except that detector and “absorber” are contained within a same vacuum (~ 
5.10-5 mbar) chamber. The electrons are counted by a single channel electron multiplier 
(“channeltron”). The efficiency for detecting the low-energy electrons is optimized by 
applying a bias voltage of ~ 150 V between the sample and the detector input. The ILEEMS 
instrument has been successfully applied in a few earlier studies reported by the present 
authors.  

The second part of this contribution will deal with a selection of results obtained 
recently. In particular, the following items will be covered: 
• Thin films of hematite, α-Fe2O3, grown by RF sputtering on glass substrates in Ar plasma; 

ILEEMS measurements, carried out in the temperature range between 80 to 330 K for a 
number of α-Fe2O3 films with different thickness, will be presented and discussed; this 
research is focussed on the behaviour of the Morin transition, i.e., the reorientation of the 
Fe3+ spins from the [111] crystallographic direction at low temperature, to the (111) basal 
plane at high temperature; the influence of thickness, sputtering parameters and of post-
deposition annealing is being examined.  

• Carbon nanotubes grown by CCVD method in various Fe-containing oxide matrices; the 
results have shown that the characteristics of the top surface layers as far as the presence 
of α-Fe, γ-Fe-C and Fe3C nanoparticles is concerned, are very often significantly different 
as compared to what is observed for the bulk by transmission MS.  

• Freshly synthesized 2 XRD-line and 6 XRD-line ferrihydrite, 5Fe2O3·9H20, to compare 
the results with those obtained earlier for similar samples that had aged for a very long 
time. 

Interesting findings concerning the surface properties of mentioned systems were 
obtained. ILEEMS studies so far have remained of a rather exploring nature, but the results 
encourage more systematic research in this and related fields. 

4 



<<
  /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


