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Experimental

Graphene naosheets is obtained using precursor graphite as a starting material through
the chemical reduction of graphene oxide in solution.'? The reduction of graphite oxide
is carried out stirring with hydrazine hydrate at room temperature for 24 h, then wash
with distilled water until neutral and dried at room temperature for 24 h to obtain the
graphene nanosheets.

The catalyst paste is prepared from the different graphene nanosheets by the following
procedure. The carbon materials (graphene nanosheets) (90%), polytetrafluoroethylene
(PTFE) (7%) and Acetylene Black (AB) (3%) is well mixed, and then is roller-pressed
into a sheet to form catalytic layer. The gas diffusion layer is prepared by mixing the
acetylene black (60%) and PTFE (40%), and then is rolled to form film. Consequently,
the air catalytic layer is prepared by pressing the catalytic layer and gas diffusion layer
onto nickel mesh.

The electrochemical test set up for Li-air battery with hybrid electrolyte is described in
previous work of our group.’ 1 M LiCI04/ED/DEC are used as the organic electrolyte
and 1 M LiNO3;+0.5 M LiOH is used as the aqueous electrolyte. Then, the solid state
electrolyte Lijix+yAlx(Ti1,Ge)2S1yP3.yO012 (LISICON) film is used as the separating
membrane between organic electrolyte and aqueous electrolyte to prevent intermixes
between the two solutions. The cells is discharged at the current density of 0.5 mAcm™
until the experiment is finished in three different atmospheres: air (about 400
ppmCO,/0,), and 1000 ppmCO,/O,. The galvanostatic intermittent titration technique
(GITT) is carried out discharging at the current density of 0.5 mAcm™ for 30 min, and
then rest for 3 h, 50 cycles.

The discharge products are characterized by X-ray photoelectron spectroscopy (XPS)
(S-Probe ESCA Model 2803), XRD and optical microscopy. The graphene nanosheets
are characterized by X-ray photoelectron spectroscopy (XPS) (S-Probe ESCA Model
2803), BET and scanning electron microscopy (SEM) (JEOL, JEM-2010F).

Reference:

1 Hummers, W. S., & Offeman, R. J. Preparation of graphitic oxide. J. Am Chem Soc 80,
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2 Yoo, E.J. et al. Enhanced electrocatalytic activity of Pt subnanoclusteres on graphene
nanosheet surface. Nano Letters 9, 2255-2259 (2009).
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Fig. S1 Nitrogen adsorption isotherms of commercial graphene sheets (a) and graphene
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Figure S1 shows the Brunauer-Emmett-Teller (BET) nitrogen adsorption isotherms of
commercial graphene sheets and graphene nanosheets. Both samples exhibit Type I +
Type II behavior. The specific surface area is estimated to be 820.5 and 204.3 m?/g for
commercial graphene sheets and graphene nanosheets, respectively. Furthermore, the

pore size of both samples also is estimated to be 18.63 and 3.38 nm for commercial

graphene sheets and graphene nanosheets, respectively.
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Fig. S2 SEM images of commercial graphene sheets (a) and graphene nanosheets (b)

Figure S2 shows SEM images of commercial graphene sheets and graphene nanosheets.
As can be seen in Figure S2, the commercial graphene sheets and graphene nanosheets

have a curled morphology with a winkled and paper-like structure.
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Fig. S3 Optical images of commercial graphene sheets (a) and graphene nanosheets (b)
after discharge process for 100 and 150 h, respectively. XRD patterns of commercial
graphene sheets and graphene nanosheets after discharging in 1%C0O,/0; (c).

Figure S3 (a), (b) shows the optical images of commercial graphene sheets and
graphene nanosheets after discharge for 100 and 150 h, respectively in air condition. It
is shown that Li,COj3 crystal is formatted on a whole air electrode surface for both
samples. Moreover, it is also confirmed the formation of Li,CO3 of both samples after

long-term discharge process in 1%C0O,/O, by XRD result (Figure S2 (c)).
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Fig. S4 the Ols XPS spectra of commercial graphene sheets (a) and graphene
nanosheets (b). The Lils XPS spectra of commercial graphene sheets (c) and graphene

nanosheets (d).

Fig. S4 shows the Ols and Lils of XPS spectra of commercial graphene sheets and
graphene nanosheets before and after long-term discharge process. The main Ols XPS
peak from the Li,COj after long-term discharge process is located at 531.8 eV, which is
in reasonable agreement with reported binding energy for Li,COs3 (532.2 V). The Li 1Is
peak of Li,COj at 54.8 eV after discharge process is in agreement with reported value
for Li2CO3 (55 eV).




<<

  /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

  /CreateJDFFile false

  /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



  /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



