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Abstract.  In-situ X-ray absorption fine structure (XAFS) is one of powerful spectroscopic techniques to analyze 
valence state and chemical bonding in Pt and Pt-Ru electrocatalysts under fuel cell operating conditions.  We measured 
Pt L3 and Ru K-XAFS of Pt and Pt-Ru electrocatalysts in fluorescence mode under different operation voltages using 
pure H2 or 97 ppm CO containing H2 as fuel gases that were fed to the anode.  The radial structure functions that derived 
from the obtained XAFS spectra showed that the local structure around Pt and Ru atoms in the electrocatalysts changes 
depending on the operation voltage and shows difference with the existence of CO in the fuel gas.   
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INTRODUCTION 

The deterioration of Pt and Pt-Ru electrocatalysts is 
one of probable causes for performance fading of 
Polymer Electrolyte Fuel Cells (PEFCs).  Among the 
spectroscopic techniques, in-situ X-ray absorption fine 
structure (XAFS) is one of powerful spectroscopic 
techniques for analyze valence state and chemical 
bonding in Pt and Pt-Ru electrocatalysts under fuel 
cell operating conditions [1-5].  In this study we 
measured Pt L3 and Ru K-XAFS of Pt and Pt-Ru 
electrocatalysts after ca. 1000 h steady fuel cell 
operation under different operating conditions by the 
fluorescence XAFS measurement with a Lytle-type 
ionization chamber.  This study will be the second step 
to investigate the long-term deterioration mechanism 
of actually used Pt and Pt-Ru electrocatalysts 
following to our previous work on the electrocatalysts 
at the initial state [6].      

EXPERIMENTAL 

Figure 1 shows the actual arrangement of in-situ 
XAFS measurements. The membrane electrode 
assembly (MEA), which was composed of a cathode 
electrocatalyst (Johnson Matthey 40% Pt/C), a 
Nafion© electrolyte membrane and anode 
electrocatalyst (Johnson Matthey 45% PtRu/C (Pt:Ru 

= 50:50)), was installed between the graphite cell 
covers with thin X-ray windows of less than 3 mm 
thickness and stainless steel cell walls with incident X-
ray and excited fluorescence X-ray passage holes.   

 

 

FIGURE 1.  The actual arrangement of in-situ fluorescence 
XAFS measurement of electrocatalysts of a PEFC operated 
using a portable operation apparatus.  The in-situ cell is set 
on the optical stage of which rotation, vertical and horizontal 
axes were remote-controlled.  Long thin and short fat arrows 
denote the incident X-ray from the storage ring and the 
excited fluorescence X-ray from the Pt-Ru and the Pt 
electrocatalysts of the MEA, respectively.   

 
The fuel cell has been operated in steady state for 

1227 h before the XAFS measurement.   During in-situ 



XAFS measurement, the cell was set on optical stage 
and operated using a portable fuel cell operation 
apparatus (Microequipment, Tokyo).  Typically 82 ml 
min-1 H2 or 97 ppm CO containing H2 saturated with 
water at 70 °C were fed into the anode while 341 ml 
min-1 of air saturated with water at 70 °C were fed into 
the cathode.   

XAFS measurements were made with the X-ray 
monochromatized with Si (111) double crystals at the 
beam line BL01B1 in the SPring-8 of the Japan 
Synchrotron Radiation Research Institute (Hyogo, 
Japan, Proposal No. 2006A1042-NX-p).  We 
measured typically three scans of Pt L3-XAFS (11.546 
keV) and Ru K-XAFS (22.117 keV) of the Pt-Ru and 
the Pt electrocatalysts with energy range of 350 eV 
below and 1100 eV above the absorption edge in the 
fluorescence mode with a Lytle-type ionization 
chamber.  The XAFS measurements were done both 
irradiating X-ray to the anode side and the cathode 
side of the in-situ cell under N2 atmosphere saturated 
with 70 °C water and two different operation voltages.  
Also the Pt L3-XAFS and Ru K-XAFS of the reference 
samples were measured in the transmission mode.  
Data were analyzed by the standard procedure using 
TECHXAS-SW Version 3.0 (Technos Co., Ltd.).  
Some reference EXAFS functions were calculated by 
FEFF6.  The radial structure functions (RSFs) were 
obtained by the Fourier transform of the k3-weighted 
EXAFS functions typically in the k range between 1.8 
and 13.5 Å-1.    

RESULTS AND DISCUSSION 

Figure 2 shows the comparison of the radial 
structure function (pseudo radial distribution function) 
around the Ru atoms of the anode electrocatalyst under 
different operating conditions with those of reference 
samples.  The remarkable change of the scattering 
atom peak distribution is observed for the catalysts 
under fuel cell operation as compared with the 
catalysts in N2 atmosphere saturated with 70 °C water, 
especially in the R region below 2.0 Å.  Figure 3 
shows the comparison of the RSF around the Pt atoms 
of the anode electrocatalyst under different operating 
conditions with those of reference samples.  Also the 
significant variation of the scattering atom peak 
distribution is observed for the catalysts under fuel cell 
operation as compared with the catalysts in N2 
atmosphere saturated with 70 °C water.  An especially 
significant peak distribution change is observed for the 
catalysts under open circuit voltage, OCV (0.99 V).  In 
contrast to the anode side, the comparison of the RSF 
around the Pt atoms of the cathode electrocatalyst 
under different operating conditions with those of 
reference samples indicated that the difference of the 
scattering atom peak distribution is not so prominent 

as compared with the catalysts in N2 atmosphere 
saturated with 70°C water.    

Figure 4 and 5 shows the comparison of the RSF 
around the Ru atoms and the Pt atoms of the anode 
catalyst under different operating conditions using 97 
ppm CO containing H2 with those of reference 
samples, respectively.  Also “difference” RSFs were 
showed in the figures; the “difference” RSF was 
obtained by Fourier transforms of direct “difference” 
EXAFS functions between experimentally obtained k3-
weighted EXAFS functions of the catalyst under fuel 
cell operation using 97 ppm CO containing H2 and the 
catalyst under fuel cell operation using pure H2.   
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FIGURE 2.  The radial structure functions of k3-weighted 
Ru K-EXAFS for the anode electrocatalyst under different 
operation voltages using pure H2 as a fuel gas.  
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FIGURE 3.  The radial structure functions of k3-weighted Pt 
L3-EXAFS for the anode electrocatalyst under different 
operation voltages using pure H2 as a fuel gas.  



A major difference peak is observed in the Ru-
metal (Ru or Pt) peak region for the RSF around the 
Ru atoms in the anode catalyst under OCV (ca. 1 V) in 
Figure 4.   
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FIGURE 4.  The radial structure functions of k3-weighted 
Ru K-EXAFS for the anode electrocatalyst under different 
operation voltages using 97 ppm CO containing H2 and their 
“difference” ones as to “without CO”.  
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FIGURE 5.  The radial structure functions of k3-weighted Pt 
L3-EXAFS for the anode electrocatalyst under different 
operation using 97 ppm CO containing H2 and their 
“difference” ones as to “without CO”.  

 

However, a prominent difference peak is also 
found in the Ru-light atom (O or C) region for the RSF 
around the Ru atoms in the catalyst under fuel cell 
operation at 300 mAcm-2.  A large broad difference 
peak is observed in the Pt-metal (Pt or Ru) region for 
the RSF around the Pt atoms in the anode catalyst 
under OCV (ca. 1V) in Figure 5.  In contrast, only a 
broad difference peak is slightly found in Pt-light atom 
(O or C) regions for the RSF around the Pt atoms in 
the catalyst under fuel cell operation at 300 mAcm-2.   

The results suggest that local structure of PtRu 
clusters may rearrange in CO containing H2, especially 
around the Pt atom under OCV.  Although the cluster 
structure would be reconstructed under fuel cell 
operation at 300 mAcm-2, additional ‘absorbates’ 
might be on the Ru atoms.   

ACKNOWLEDGMENTS 

Authors would like to express gratitude to New 
Energy and Industrial Technology Development 
Organization (NEDO) for support of this work and Dr. 
Kazuaki Yasuda for fruitful discussion and technical 
advises on the PEFCs.  Also authors would like to 
express thanks to Ms. Junko Ide and Dr. Katsumi 
Handa of the Synchrotron Radiation center of the 
Ritsumeikan University for technical assistances and 
fruitful discussion in the XAFS measurements.  

 

REFERENCES 

1. R. Viswanathan, G. Hou, R. Liu, S. R. Bare, F. 
Modica, G. Mickelson, C. U. Segre, N. 
Leyarovska, E. S. Smotkin, J. Phys. Chem. B106, 
3458-3465 (2002).   

2. C. Roth, N. Martz, T. Buhmester, J. Scherer, H. 
Fuess, Phys. Chem. Chem. Phys. 4, 3555-3557 
(2002).   

3. A. E. Russell, A. Rose, Chem. Rev. 104, 4613-4635 
(2004).   

4. R. J. K. Wiltshire, C. R. King, A. Rose, P. P. 
Wells, M. P. Hogarth, D. Thompsett, A. E. Russell, 
Electrochimica Acta 50, 5208-5217 (2005).   

5. C. Roth, N. Benker, T. Buhmester, M. Mazurek, M 
Loster, H. Fuess, D. C. Koningsberger, D. E. 
Ramaker, J. Am. Chem. Soc. 127, 14607-14615 
(2005).   

6. H. Kageyama, T. Ioroi, T. Kojima, N. Takeichi, K. 
Nomura, K. Tanimoto, 2005 Fuel Cell Seminar 
Abstract Book and CD-ROM, Poster Session 2 
“PEMFC”, #89, Fuel Cell Seminar Headquarter 
(2005).   



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 300
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


