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Supporting Information.
The structure of graphene oxide membranes in liquid water, ethanol
and water—ethanol mixtures.
A.V.Talyzin', T.Hausmaninger', S.You', T.Szabo’,

'Department of Physics, Umea® University, SE-901 87 Umea® , Sweden
’Department of Physical Chemistry and Materials Science, University of Szeged,

H-6720 Szeged

1. Additional characterization of membranes.

Figure 1S Folding of B-GO membrane does not result in breaking. H-GO membranes can be bend to
certain extent but break on pieces when folded. See also video which shows B-GO and H-GO

membranes folding difference.
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Figure 2S. XPS spectra of B-GO powder and B-GO membrane after washing with 50:50
water/ethanol mixture. Small impurity of Na (0.6 at%) was detected in as deposited dried B-GO
membranes but washing with 1:1 water/ethanol removed this impurity below detectable limits.
Addition of ethanol is required to prevent the membrane from delamination. The washing procedure
removed trace contamination with Na. The relative intensity of peak changed and C/O ratio increased

as a result of sonication in NaOH solution and removal of Na by washing.
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Figure 3S XRD patterns recorded using conventional diffractometer in reflection mode from B-GO
and H-GO membranes. XRD from membrane prepared using “single layered” graphene oxide powder
(purchased from ACS Materials) is marked as SL-H-GO. The dispersion prepared using the SL-H-GO
powder was not stable and aggregated slowly. Using it as precursor for the membrane deposition
resulted mostly in inhomogeneous products. Therefore, no further studies of these membranes were
performed. Peaks marked by dashed lines and stars are from foil used to attach the membrane for XRD
measurements. Note that B-GO membrane shows both (001) and (002) reflections whereas H-GO
only (001) reflection. Better crystallinity of B-GO membrane is evidenced also by less broad peaks and
higher intensity of all reflections. The patterns were recorded 2-3 days after the membrane deposition.

The same H-GO membrane after 5 weeks of on air storage showed d(001) =7.3 nm due to slow

de-hydration.
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Figure 4S. Integrated XRD patterns of H-GO membrane in “dry” state (air exposed), H-GO membrane
water immersed and reference sample of water immersed precursor H-GO powder. The background

which starts above ~8 degrees is part of broad reflection from liquid water. Patterns recorded at 290K,

radiation wavelength 0.99258A.
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a) b)

Figure 58. a) Fragment of XRD image recorded from H-GO membrane immersed in water (inside of
glass capillar) at 290K. Two bright spots correspond to (001) reflection (d=12.26A) while the bright
diffuse scattering region connects these two spots and extends to d-spacing above 40A.

b) Fragment of XRD image recorded from solvent free “dry” H-GO, d(001)=7.17A. Diffraction rings
marked by arrow are from wax used to attached the tiny piece of membrane. Dry membrane sample

shows no strong diffuse scattering similar to the water immersed sample.

a) b)

Figure 6s XRD images recorded for ethanol immersed samples of : a) B-GO membrane, no strong
diffuse scattering is visible, only part of membrane is in solvated state, d(001)= d=9.05A and d(002)=
4.52A for solvated phase, d(001)=6.95A for not solvated B-GO phase ; b) H-GO membrane, diffuse

scattering similar to H-GO/water sample (Figure 5sa) is also observed.
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Figure 7s. Integrated patterns for XRD image of B-GO membrane immersed in liquid ethanol. Both
solvated and not solvated phases identified in this sample, no change of relative intensity was observed
for reflections form these phases with time. The data are interpreted as partial solvation of outer shell of

the membrane while ethanol could not penetrate into inner core part of the membrane.
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Figure 8S. Interlayer distance, d(001), measured at 300K for GO in liquid water/methanol binary

solvents:  B-GO membrane m and B-GO powder m.
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Figure 9s. Diagram which represents summary of structural data for hydration of graphite oxide
structure in powder [1] and graphene oxide membranes. Different stages of hydration are drawn
schematically with suggestion how liquid-like layer of water could be inserted into the GO structure:
hydrophilic graphene oxide planes are covered by more strongly attached water molecules on each side
of interlayer and next water layer is inserted in liquid-like state. Note that in basic solutions we
observed lattice expansions (under GPa pressures) up to 22A [1] which corresponds to multilayer water

insertion or “osmotic swelling”.

[1]. A. V. Talyzin, S. M. Luzan, T. Szabo, D. Chernyshev and V. Dmitriev, Carbon, 2011, 49,
1894-1899.
[2].A. V. Talyzin, B. Sundqvist, T. Szabo and V. Dmitriev, J Phys Chem Lett, 2011, 2, 309-313.




<<
  /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


