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Fig. S1. ATR-SEIRA spectra at the open circuit potential of a CO adlayer formed on a thin-

film Pt electrode by bubbling CO through an HCOOH-free solution (black) and by 

dehydration of HCOOH in a HCOOH-containing solution (red). Both the lower intensity of 

the COL band around 2050 cm-1 and the lower peak frequency when the CO adlayer is 

formed by dehydration of HCOOH are clear indications of a lower coverage. Taking into 

account that at least three contiguous Pt atoms are necessary for HCOOH dehydration, and 

that both COL and COB (band around 1880 cm-1) coexist in the CO adlayer, the latter 

occupying more than one Pt atom per CO molecule, the maximum CO coverage achieved 

by dehydration of HCOOH must be below 0.5 ML. 
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Discussion of the possible mechanisms compatible with the results reported in Figure 

2 of the main text 

1. Chemical dehydration of formic acid followed by displacement of HCOOad by COad 

The experimental result that HCOOad is observed transitorily during dehydration of formic 

acid to COad has been interpreted in the main text as being an evidence that HCOOad is the 

reaction intermediate. However, an alternative mechanism can be suggested, in which COad 

forms directly from formic acid through a purely chemical dehydration. In this case 

HCOOad would appear on the surface due to its reversible electroadsorption from formic 

acid, but only transitorily, since it would be displaced by COad. In this case, the rate of CO 

formation at low CO coverage would be: 

HCOOHchem
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d
ck

t
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, 

where kchem is the rate constant of the hypothetical chemical dehydration reaction. Since the  

dehydration mechanism would be purely chemical, the rate of formation of adsorbed CO 

should be potential-independent, this being in complete contradiction with the results of 

Capon and Parsons,1 Wieckowski and co-workers2, 3 and Chen et al.4 However, it must be 

noted that the adsorption of a neutral species is expected to depend on the availability of 

surface sites, which is expected to be maximum at the pzc. Then, the rate of formation of 

COad should be expected to have a maximum at the pzc, in agreement with the results 

reported by Grozovski et al.5 

Assuming that the electroadsorption of formate can be described by a Langmuir isotherm, 

the formate coverage at low total surface coverage would be given by: 
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where kad is the rate constant of formate electroadsorption and kdes is the rate constant of 

formate electrodesorption. Hence: 
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According to this equation, at constant potential a plot of dICO/dt vs. IHCOO would also be 

linear at low total surface coverage, as in the model proposed by us. However, the slope of 
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a dICO/dt vs. IHCOO plot would be 




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exp

ad

des
chem , and, accordingly, the plot in Fig. 

3 of the main text should have a slope of -60 mV, in contradiction with the value of -120 

mV found experimentally. 

2. Rate-determining reduction of formic acid followed by rapid oxidation of the 

resulting species and by displacement of HCOOad by COad 

An alternative electrochemical mechanism was proposed by Lu et al.2 in order to explain 

the decrease of the rate of poisoning by adsorbed CO with increasing potential. According 

to this mechanism, the first, rate-determining step, would correspond to the reduction of 

formic acid to adsorbed HC(OH)2. Consequently, the rate of COad formation at low total 

surface coverage would be: 
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where kLu is the rate constant for the rate-determining step of the mechanism proposed by 

Lu et al., β is the symmetry factor (usually assumed to be 0.5) and η = E – Eeq is the 

overpotential. This equation predicts (for β = 0.5) a decrease of the reaction rate with 

increasing potential with a Tafel slope of 120 mV, in good agreement with their 

experimental results.2 

As before, assuming that the electroadsorption of formate can be described by a Langmuir 

isotherm, the formate coverage at low total surface coverage would be given by: 
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Again, this equation predicts a linear dependence of dICO/dt on IHCOO. Assuming β = 0.5, 

the equation above predicts a slope of -40 mV for the plot in Fig. 3 of the main text, in 

complete contradiction with the experimentally observed value of -120 mV. 
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3. Oxidative electroadsorption of HCOOad followed by its rate-determining reduction 

to COad 

In the two-step electrochemical dehydration of HCOOH proposed by us in the main text, 

the first step is the reversible electroadsorption of HCOOH, for which: 
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The rate-determining step is the subsequent electroreduction of HCOOad COad. At low CO 

coverage: 
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Substitution yields: 
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Where η is the overpotential with respect to the equilibrium potential, Eeq, of this second 

step. In Figure S2, 

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, have been 

plotted as a function of potential. Three possible cases, namely those in which Δφ = 0 (i.e., 

when the potential coincides with the pzc) at η = -0.1, 0 and 0.1 V, have been considered. 

As can be seen, the global rate of dehydration of HCOOH has a symmetric bell shape with 

a maximum around the pzc. The exact position of the maximum depends on the ratio 

between kad/kdes and k and on cHCOOH. This in agreement with the results of Chen et al.4 

(who observed an increase of the rate of formation of COad with increasing potentials for E 

< 0.2 V, but a decrease of the rate of formation of COad at E > 0.2 V) and, particularly, of 

Grozovski et al.,5 who found that a plot of the rate of formation of COad vs. potential has a 

symmetric bell shape, with a maximum at the pzc. It can also be observed that the 

maximum is more pronounced the more negative is the pzc, this explaining the observation 
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by Grozovski et al.5 that the activity for the dehydration of HCOOH of Pt(111) is 

negligible, since its pztc is very positive (0.37 V vs. RHE in 0.1 M HClO4
6). Furthermore, 

this also explains that, for the same density of steps, Pt single-crystal electrodes with (111) 

terraces and (100) steps are less active than those with (111) terraces and (110) steps, 

because the pzc of (100)-oriented steps is more positive  than that of (110)-oriented steps. 

 

Figure S2. Plot of the rate constant of the second step, 





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ηβ )1(
exp , corresponding 

to the reduction of HCOOad to COad (black line), of the formate coverage, θHCOO (red lines), 

and of their product, which is the global rate of dehydration of HCOOH to COad (green 

lines), as a function of potential. The curves have been calculated for k = 0.1 s-1, kad/kdes = 

100 and cHCOOH = 0.1 M. Three cases have been considered: Δφ = 0 at η = -0.1 V (dotted 

lines), Δφ = 0 at η = 0 V (solid lines) and Δφ = 0 at η = 0.1 V (dashed line). 

Finally, we would like to note that, in this case, the plot in Fig. 3 of the main text 

must always have a slope of -120 mV, because our spectroscopic experiments detect only 

the reactant and the product of the second step, namely HCOOad to COad, and the rate 

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2011



constant for this reaction must always decrease with potential with a slope of 
RT

Fηβ )1( −−
 

(-120 mV if β = 0.5). 

REFERENCES 

1. A. Capon and R. Parsons, J. Electroanal. Chem., 1973, 45, 205-231. 
2. G.-Q. Lu, A. Crown and A. Wieckowski, J. Phys. Chem. B, 1999, 103, 9700-9711. 
3. A. Wieckowski and J. Sobkowski, J. Electroanal. Chem., 1975, 63, 365-377. 
4. Y.-X. Chen, M. Heinen, Z. Jusys and R. J. Behm, ChemPhysChem, 2007, 8, 380-

385. 
5. V. Grozovski, V. Climent, E. Herrero and J. M. Feliu, Phys. Chem. Chem. Phys., 

2010, 12, 8822-8831. 
6. A. Cuesta, Surf. Sci., 2004, 572, 11-22. 
 
 

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2011



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


