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 The surface composition of a material in a 
particular chemical environment can be of crucial 
importance in the utilisation or processing of that 
material.  Accordingly, it is essential that the surface of 
such a material be characterised either while still in that 
chemical environment, or after having been moved to 
UHV in such a way as to leave it chemically unchanged 
from when it was in that particular environment.  Even 
when bulk electronic environment information is being 
sought by means of XPS or NEXAFS spectroscopy for 
materials that are reactive towards air, it is also necessary 
to prepare a surface under an oxygen-free environment, 
as ion beam etching can cause intolerable damage to the 
underlying lattice.   
 In these cases, a soft X-ray end-station is required 
that allows the transfer of specimens to UHV from 
controlled atmosphere transfer vessels, or the preparation 
of surfaces under controlled environments, including 
fracture under vacuum.  When reaction products that can 
sublime under UHV at ambient temperature are formed at 
chemically treated surfaces, it is also necessary to cool 
the specimen before it is subjected to UHV in order to 
retain such reaction products.  These features will be 
available on the ASRP soft X-ray spectroscopy end-
station when it is fully commissioned at the NSRRC in 
early 2006.  To date, only preliminary experiments for 
this project have been possible in the ASRP end-station 
and in another end-station without all the necessary 
features.  The preliminary experiments reported here are 
those on the electronic environment in cubanite, and on 
the effect of short chain alkyl alcohols on metal sulfide 
surfaces.  Nearly all metal sulfide surfaces react rapidly 
with air, but the Cu-Fe sulfides react more rapidly than 
the Cu sulfides covellite (CuS) or chalcocite (Cu2S).  
 Cubanite (CuFe2S3) is of particular interest because 
of its close relationship to chalcopyrite (CuFeS2) and 
bornite (Cu5FeS4), and because of the expected 
intermediate formal oxidation state for the Fe, viz 
(CuIFeIIFeIIIS3), in the equivalent Fe sites in the crystal 
structure, assuming Cu(I) rather than CuIIFeII

2S3.  The Cu 
L2,3-edge spectrum supports the assignment from the Cu 
2p photoelectron spectrum of Cu(I), the leading 
absorption peak being at an energy 0.1 eV greater than 
that for CuFeS2.  The Fe L2,3-edge spectrum was similar 
to that for chalcopyrite, which is generally accepted to be 
Fe(III).  Surface-optimised S 2p spectra revealed the 
formation of some sulfate during limited exposure to air.  
It was concluded that there are only very subtle 
differences in electronic environment in cubanite and 
chalcopyrite.  Surprisingly, no clear evidence was 
obtained to indicate that the Fe in cubanite behaves as if 
it is more ‘Fe(II)-like’ than the Fe in chalcopyrite.  The 

experimental observations and ab initio calculations 
carried out using FEFF8 and WIEN2k suggest significant 
S 3p → Fe 3d charge transfer for both cubanite and 
chalcopyrite, and even greater transfer in the case of 
bornite.  
 When there is a need to use freshly abraded 
surfaces of sulfide minerals instead of fracture surfaces, 
and there is no glove box attached to the end-station, in 
order to remove swarf specimens are typically washed 
with, or even immersed in, ethanol or propan-2-ol prior 
to insertion into the end-station.  Cu L2,3-edge NEXAFS 
spectra have revealed that immersion of abraded surfaces 
of CuS and Cu2S in ethanol or propan-2-ol leads to more 
extensive alteration of the surface than unrestricted 
exposure to air for a similar period.  This effect had not 
been evident from conventional (~1487 eV photon 
energy) XPS data, most probably because the sensitivity 
for detection of Cu(II) is much greater in Cu L2,3-edge 
NEXAFS spectra than in Cu 2p photoelectron spectra.  A 
similar effect of AR grade ethanol and electronics grade 
propan-2-ol on Cu-Fe sulfides has established that the Fe 
rather than the Cu is oxidised, and confirmed that an 
impurity other than moisture in the hygroscopic alcohols 
is not the culprit.  It was concluded that ethanol and 
propan-2-ol should be avoided for washing or protecting 
metal sulfide specimens for surface studies, at least when 
the alcohols are stored in equilibrium with ambient air.  
To date, no similar problem has been identified in the use 
of acetone for specimen washing. 
 
 
  
 
 
 

 

 

 

 

 

 

 

 

 

 
Figure 1.  Cu L2,3-edge spectra for abraded CuS surfaces 
exposed only briefly to air (unoxidised) or exposed to air, 
ethanol or propan-2-ol for 15 min. 

930 935 940 945 950

Cu (II)

Covellite: Cu L2,3-edge NEXAFS spectra

in propan-2-ol

in ethanol

in air

Unoxidised

 

A
bs

or
pt

io
n

Photon Energy (eV)



<<
  /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
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


