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Figure S1. Magnified ionic current signals of (a) CO2 and (b) CO for Vulcan in an Ar-saturated
0.1 M HCIOs4 electrolyte during the CV protocol. All potential profiles of the CV protocol
(dotted line, left y-axis) and ionic current signals (solid line, right y-axis) are overlaid for better
comparison. Arrows indicate the onset potentials of the carbon corrosion monitored by the

DEMS signals.
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Figure S2. Magnified ionic current signal of CO:z for Vulcan in an Ar-saturated 0.1 M HClO4
electrolyte during the CV protocol: (a) potential protocol and (b) ionic current signal of COx.

Cathodic corrosions are denoted as CCx (x = 1-4) according to the CV sequence.
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Figure S3. The current-time responses measured during the CA protocol. Potential jumped
from 0.05 to 1.0 Vrue (red line), from 1.0 to 1.2 Vrue (green line), from 1.2 to 1.4 Vrue (yellow
line), and then from 1.4 to 1.6 Vrue (brown line) just before each CA measurement. Due to the
significant potential changes in the first CA, from 0.05 to 1.0 Vrue (red line), and the
consecutive significant current contributions from non-Faradaic current, the current-time
response during the CA measurement at 1.0 Vrue was additionally measured with an initial
potential-jump from 0.8 to 1.0 Vrue and shown for comparison (black line, marked in the

orange area).
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Figure S4. Magnified ionic current signal of COz for Vulcan in an Ar-saturated 0.1 M HCI1O4
electrolyte at the end of the CA protocol, potential-jump from 1.6 to 0.05 VRruE.
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Figure S5. A CV response of Vulcan measured in a potential range of 0.05—1.6 VruE at a scan

rate of 5mV s™! in an Ar-saturated 0.1 M KOH electrolyte. Oxidation current can be identified

at potential above 1.2 Vrug, indicated by the dotted line.
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Figure S6. Magnified ionic current signals of (a) CO2 and (b) CO for Vulcan in an Ar-saturated

0.1 M KOH electrolyte during the CV protocol. All potential profiles of the CV protocol (dotted
line, left y-axis) and ionic current signals (solid line, right y-axis) are overlaid for better

comparison. Arrows indicate the onset potentials of the carbon corrosion monitored by the

DEMS signals.
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Figure S7. Integrated area ratio between CO2 and CO DEMS signals monitored with Vulcan
during the CV (yellow bar) and CA (blue bar) protocols in an Ar-saturated 0.1 M HClO4
electrolyte. For the CA protocol at 1 Vrue (highlighted with white lines), the CO2 and CO
DEMS signals were gathered separately with an initial potential-jump from 0.8 to 1.0 VruE to
avoid any artifacts induced by the large potential-jump from 0.05 to 1.0 VruEe just before the

CA protocol in the original potential program. The ratios are almost similar as ca. 7.2 with a

deviation of 1.
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Figure S8. Comparison of the ionic current signals of CO for Vulcan measured in an Ar-

saturated 0.1 M HC1O4 and KOH electrolytes: (a) potential protocol and (b) ionic current signal
of CO.
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Figure S9. CV response of Vulcan in an Ar-saturated 0.1 M HC1O4 and KOH electrolytes with

a scan rate of 5 mV s~'. Potential range for the measurement was from 0.05 to (a) 1.0, (b) 1.2,

(c) 1.4, and (d) 1.6 VRHE.
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Figure S10. Online DEMS calibration curves for Oz (m/z = 32) obtained with an [rO2
catalyst in (a) 0.1 M HCIO4 and (b) 0.1 M KOH electrolytes. (c) The potential program
consisting of four CVs with different UPLs (1.0, 1.2, 1.4, and 1.6 Vrug) and four CAs at
1.0-1.6 Vrue. (d) The Faradaic efficiencies of Oz during the carbon corrosion measurement

of Vulcan in both electrolyte conditions.

Note: The competitive reactions between carbon oxidation and oxygen evolution can lead to
non-negligible errors in data interpretations. Hence, we attempted to quantitatively analyze the
Faradaic efficiency toward oxygen evolution using an IrO: catalyst. Since no carbon substance
is present in the catalyst, we can reasonably assume that the Faradaic current only
originates from the oxygen evolution, and not from other side reactions such as carbon
corrosion. The correlations between the Faradaic current density and the ionic current signal
of Oz at m/z =32 in acidic and alkaline electrolytes revealed very linear relationships with
R? values of ca. 0.9960 and 0.9918, respectively (Figure S10a and b). Using these
calibration curves, the Faradaic efficiency of O: evolved during the carbon corrosion of
Vulcan was calculated. The results revealed that the Faradaic efficiencies of Oz were as low
as <2 and 4% in acidic and alkaline electrolytes during the overall DEMS protocol
(Figure S10c and d), respectively, confirming that the oxidation currents of Vulcan are

mainly attributed to carbon corrosion. S11
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Figure S11. Raman spectra of Vulcan before and after carbon corrosion in (a) 0.1 M HCIO4

and (b) 0.1 M KOH electrolytes. The electrochemical treatment was carried out by 5000 CV
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cycles from 1.2 to 1.6 Vrue at 50 °C to accelerate the carbon corrosion.

Note: To investigate the structural characteristics before and after carbon corrosion, Raman
spectra of Vulcan were measured after electrochemical treatment. The electrochemical
treatment was progressed by 5000 CV cycles (from 1.2 to 1.6 Vrug, 200 mV s ') at 50 °C to
accelerate the carbon corrosion. The Raman spectra, normalized to the G-band intensity,
revealed a decrease in the ratio of D- and G-band intensities (/n//G, a descriptor of carbon

disorder) from ca. 1.03 to 0.92. These results thus indicate the preferential oxidation of the

disordered domains of carbon in both acidic and alkaline electrolytes.
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Figure S12. IL-EDX results of Vulcan before and after carbon corrosion in (a and b) 0.1 M
HCIO4 and (c and d) 0.1 M KOH electrolytes (scale bar = 20 nm). The electrochemical
treatment was carried out by 5000 CV cycles from 1.2 to 1.6 Vraue at 50 °C to accelerate the

carbon corrosion. (e) Carbon and oxygen contents before and after the treatment.

Note: In addition to the Raman spectroscopy study (Figure S11), the structural characteristics
before and after carbon corrosion were investigated by IL-EDX measurements. The
electrochemical treatment was progressed by 5000 CV cycles (from 1.2 to 1.6 Vrug, 200 mV
s 1) at 50 °C to accelerate the carbon corrosion. The results showed that carbon surface was
significantly passivated by oxygen after the electrochemical treatment (Figure S12a—d; red
and green for carbon and oxygen, respectively). After the treatment, relatively stronger
oxygen signals in the acidic electrolyte compared to the alkaline electrolyte indicates more
pronounced carbon corrosion in the former condition. The IL-EDX profiles identified an
increase in oxygen content from ca. 0.7 to 11.5 at% after carbon corrosion in the acid
electrolyte (Figure S12¢), which was greater than that in the alkaline electrolyte (from ca. 0.2
to 3.0 at%),).
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Figure S13. (a) Raman spectra of different carbon substrates. (b) Correlation between the /n/

I value and the integrated area of CO mass signal in acidic and alkaline electrolytes.
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Figure S14. Comparison of the ionic current signals of CO for Ketjen, Vulcan, and Graphite
substrates measured in an Ar-saturated 0.1 M HCIOu4 electrolyte: (a) the potential protocol and

(b) ionic current signal of CO.
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Figure S15. Online DEMS analysis of 5% Pt/C with the CO: tracer. (a) Potential protocol

consisting of one CV from 0.05 to 1.6 VruE and three CAs at 1.2, 1.4, and 1.6 Vrue. (b) The
DEMS signals of CO; monitored in an Ar-saturated 0.1 M HCIlO4 electrolyte. The result

obtained with Vulcan is shown for comparison.

Note: For Pt/C, a small amount of CO2 evolution, which was hardly observed with the Pt-free
carbon substrate, was observed even at a relatively low potential of >0.6 Vrue. Willsau et al.
reported that this carbon corrosion at the low potential region is attributed to the Pt-catalyzed
oxidation of surface functional groups (e.g., carbonyl group).! At the potential of >0.8 Vrie,
considerable carbon corrosion occurred on the Pt/C as that on Pt-free carbon substrates, but
quantitatively stronger corrosion of carbon was determined for the Pt/C. These results indicate
that Pt effectively catalyzes carbon corrosion, as already known by several previous studies on

CO:z tracers in acidic electrolytes.>3
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Figure S16. Online DEMS analysis of 10 and 20% Pt/C with the CO tracer. (a) Potential
protocol consisting of one CV from 0.05 to 1.6 Vrue and three CAs at 1.2, 1.4, and 1.6 VrHE.
(b and ¢) The DEMS signals of CO monitored in an Ar-saturated 0.1 M HCIO4 (b) and KOH
(c) electrolytes.
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Figure S17. A schematic image of the online EFC-DEMS configuration.

Note: The electrolyte (Ar-saturated 0.1 M HCIO4 or KOH) continuously flowed into the EFC
using the syringe pump (TYDO01-01, LEADFLUID) at a flow rate of 70 pL min', thus
minimizing the disturbance of the mass signals induced by the accumulation of reaction
products and bubble formation (e.g., CO2 and CO). Reference and graphite tube counter
electrodes were mounted at the electrolyte outlet of the EFC to prevent contamination of the
working electrode and interference with DEMS signals, which possibly originated from the
leakage of the reference electrodes and CO/COz formation from the counter electrode. The
EFC with a U-shaped channel had an opening diameter of 1 cm at the bottom of the cell,
where it made contact with the working electrode (commercial glassy carbon disk electrode
with 3 mm diameter, A-011169, Bio-Logic). A tip with a porous Teflon membrane was
located approximately 100 pm above the sample to allow the direct introduction of volatile
species into the mass spectrometer. The positioning was monitored and adjusted using a

digital microscope (MSP-8000, DIGIBIRD).

S18



Reference

1. J. Willsau and J. Heitbaum, J. Electroanal. Chem., 1984, 161, 93-101.

2. S. Maass, F. Finsterwalder, G. Frank, R. Hartmann and C. Merten, J. Power Sources,
2008, 176, 444-451.

3. L. Castanheira, W. O. Silva, F. H. B. Lima, A. Crisci, L. Dubau and F. Maillard, ACS
Catal., 2015, 5, 2184-2194.

S19




<<
  /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
  /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 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


