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1. TEM images 

  

 
 

Fig. S1 TEM images and the SAED patterns of graphene (up) and N-graphene (bottom). (JEOL TEM 2010 

microscope equipped with an Oxford ISIS system with an operating voltage of 200 keV).   

 
Fig. S1 shows the TEM images and the selected area electron diffraction (SAED) patterns of 

graphene and N-graphene. Graphene exhibits typical wrinkled structure1 with corrugation and 

scrolling which is intrinsic to graphene.2 The well-defined diffraction spots in the SAED patterns 

confirm the crystalline structure of the graphene and N-graphene,3 but the SAED spot patterns are 

slightly different from that expected for individual graphene sheets.1 Therefore, graphene used in 

this work might contain one- to few-layer sheets.4 We did not observe the difference in the 

morphology and structures (physical) between N-graphene and graphene, so the difference in their 

electorcatalytic acitivity is due to the different surface chemistry between N-graphene and graphene. 
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2. Oxygen reduction activity and durability 

                                   

Fig. S2 Oxygen reduction polarization curves (background-subtracted, 10 mV/s, 1600 rpm) in 

O2-saturated 0.1 M KOH on graphene, N-graphene and Pt/C (ETek, 20wt% Pt) electrodes before 

and after accelerated degradation test (ADT) (carbon loading: 20 µg; Pt/C loading 15 µg). ADT 

condition: 1000 cyclic voltammograms (-0.3~0.3 V vs. Hg/HgO) in N2-saturated 0.1 M KOH (50 

mV/s). The ORR kinetic currents (ik, Figure 1a) are calculated using mass-transport correction 

Koutecky–Levich equation (S1). 
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3. Oxygen plasma-treated graphene (O-graphene) 
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Fig. S3 a) Oxygen reduction polarization curves (background-subtracted, 10 mV/s, 1600 rpm) on 

graphene, O-graphene and N-graphene in O2-saturated 0.1 M KOH; b) Cyclic voltammograms (50 

mV/s, background-subtracted) of H2O2 reduction on graphene, O-graphene and N-graphene 

electrodes in N2-saturated 5 mM H2O2 +10 mM PBS +100 mM KCl (pH=7.4). 

 

Fig S3 shows that the onset reduction potentials and the reduction currents at a certain potential 

(for example, H2O2 reduction at -0.2 V vs Ag/AgCl and O2 reduction at -0.1V vs Hg/HgO) for both 

O2 and H2O2 are in the order of N-graphene >> O-graphene > graphene, which indicate that N-

graphene exhibits much higher activity than both O-graphene and graphene. As shown in Table S1, 

oxygen-containing functional groups are similar for N-graphene and O-graphene (and there is trace 

nitrogen on O-graphene, which might be due to trace air leakage of plasma chamber during the 

synthesis of O-graphene or the adsorption of nitrogen on O-graphene). So the enhanced 

electrocatalytic activity of N-graphene is mainly due to nitrogen doping. This is consistent with the 

results in the literatures:5, 6 when both nitrogen and oxygen functional groups exist on carbon, 

nitrogen functional groups control the electrocatalytic activity.  

 

a)  b) 
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4. XPS spectra  
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Fig. S4 a) O1s core level high-resolution XPS spectra of graphene, O-graphene and N-graphene 

(from bottom to up); b) C1s XPS spectra of graphene, O-graphene and N-graphene. 

 
Fig. S4 shows the core level high-resolution XPS spectra of graphene, O-graphene and N-

graphene. The fitted data of O1s XPS spectra are shown in Table S1. It is too difficult to 

deconvolve the C1s spectra into different peaks like that in N1s and O1s spectra because the C-N 

and C-O bond peaks are mixed together in the binding energy (BE) range of 285.0 -287.5 eV.7 But 

it can still be seen from the enhanced shoulder (BE=285.0-290.0 eV) in C1s spectra that, after 

plasma treatment, new bonds of C-N, C-O, and carbon structure defects are produced. 

 
References: 

1.  S. Stankovich, D. A. Dikin, G. H. B. Dommett, K. M. Kohlhaas, E. J. Zimney, E. A. Stach, R. D. Piner, S. 
T. Nguyen and R. S. Ruoff, Nature, 2006, 442, 282‐286. 

2.  J. C. Meyer, A. K. Geim, M. I. Katsnelson, K. S. Novoselov, T. J. Booth and S. Roth, Nature, 2007, 446, 
60‐63. 

3.  G. X. Wang, J. Yang, J. Park, X. L. Gou, B. Wang, H. Liu and J. Yao, J. Phys. Chem. C, 2008, 112, 8192‐
8195. 

4.  M. J. McAllister, J. L. LiO, D. H. Adamson, H. C. Schniepp, A. A. Abdala, J. Liu, M. Herrera‐Alonso, D. 
L. Milius, R. CarO, R. K. Prud'homme and I. A. Aksay, Chem. Mat., 2007, 19, 4396‐4404. 

5.  F. Jaouen, S. Marcotte, J. P. Dodelet and G. Lindbergh, J. Phys. Chem. B, 2003, 107, 1376‐1386. 
6.  E. J. Biddinger, D. von Deak and U. S. Ozkan, Top. Catal., 2009, 52, 1566‐1574. 
7.  S. Maldonado, S. Morin and K. J. Stevenson, Carbon, 2006, 44, 1429‐1437. 
 

a)  b) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /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

  /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 <>
    /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.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


