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Experimental

Procedures for graphene oxide functionalization: The starting graphene oxide powder was
prepared from natural graphite flakes by a modified Hummers method.>"">* The dried graphene
oxide (20 mg) and N, N-dimethylformamide (2 mL) were refluxed in dichlorosulfoxide (20 mL) at
80°C for 48 h. After centrifugation, the supernatant was decanted and the remaining solid was
washed with anhydrous tetrahydrofuran two times followed by drying in vacuum at room
temperature. A mixture of the activated GO acyl chloride (GO-COCI) and n-butylamine (1 mL)
was heated under nitrogen at 60°C for 72 hours. The reaction mixture was cooled down to room
temperature and then dispersed in DI water (20 mL). A light green supernatant was obtained after
the mixture was centrifuged at 8000 rpm for 10 min. The supernatant was then dried by rotary
evaporation. The alkylamine modified GO powder was readily re-dispersed in DI water (20 mL)
to get light green suspension with a concentration of about 1.8 mg/mL. The same procedure was
used to prepare other alkylamine functionalized graphene oxides as for n-butylamine except for
the temperatures. Specifically, the temperature is 80°C for 1,6-hexylenediamine, octylamine, and
dodecylamine, while 120°C for PEG;soon. The resulting products were dispersed in water, ethanol,

and other organic solvents respectively according to their solubility.
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Photoluminescence quantum yield measurements: Quinine sulfate in 0.1 M H,SO4 (quantum
yield 0.54 at 350 nm) was chosen as a standard for the fluorescence quantum yield
measurement.>> The values are calculated using the standard reference sample that has a fixed

and known fluorescence quantum yield value, according to the following equation:

2
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where QY is the quantum yield, 4 is the measured integrated emission intensity, and F" which is
caculated by equation 2 is the fraction of light absorbed. D is the absorbance at the excitation
wavelength, and n is the refractive index. The subscript “g” refers to the reference fluorophore
quinine sulfate of known quantum yield. The calculation details are presented in Fig. S1 and
Table S1.

Instrumentation and characterization: UV-vis absorption and fluorescence spectra were
recorded at room teperature on a Shimadzu UV-2550 spectrometer and Perkin-Elmer LS-45
luminescence spectrometer, respectively. FTIR spectra were recorded with a Thermo-Fisher
Nicolet iS10 FTIR spectrometer. Photographs were taken with a canon 350D digital camera.
AFM images were taken using a Atomic Force Microscope Nano First-3100. The XPS

measurements were carried out with an Thermo ESCALAB 250 high performance electron

spectrometer with an Al Kot (1486.6 eV) radiation.
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Figure S1. (a) UV-vis absorption of 0.1 mg/ml quinine sulfate in 0.1M H,SO4 and 3 mg/ml
GO-C3Me in water. (b) Fluorescence spectra of 0.05 pg/ml quinine sulfate in 0.1M H,SO4and 25
png/ml GO-C3Me in water.

Table S1. Example for the fluorescence quantum yield calculation of GO-C3Me in water based

on the standard.

Sample A F3500m n @ (%)
Quinine Sulfate 50480 1.89x107 1.33 54.0
GO-C3Me 50967 8.08x107 1.33 12.8
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Figure S2. (a) UV-vis absorption and fluorescence spectra of GO-C6NH2 in aqueous solution.
The emission spectrum was obtained under excitation at 350 nm and the excitation spectrum was
obtained at the maximum emission wavelength of 430 nm. (b) Fluorescence spectra of
GO-C6NH2 in water are recorded for progressively longer excitation wavelengths from 350 to

490 nm in 20 nm increments.
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Figure S3. (a) UV-vis absorption and fluorescence spectra of GO-C7Me in ethanol. The emission
spectrum was obtained under excitation at 350 nm and the excitation spectrum was obtained at
the maximum emission wavelength of 420 nm. (b) Fluorescence spectra of GO-C7Me in ethanol

are recorded for progressively longer excitation wavelengths from 350 to 510 nm in 20 nm

increments.
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Figure S4. (a) UV-vis absorption and fluorescence spectra of GO-C11Me in ethanol. The
emission spectrum was obtained under excitation at 350 nm and the excitation spectrum was
obtained at the maximum emission wavelength of 420 nm. (b) Fluorescence spectra of

GO-C11Me in ethanol are recorded for progressively longer excitation wavelengths from 350 to

490 nm in 20 nm increments.
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Figure S5. (a) UV-vis absorption and fluorescence spectra of GO-PEGjsoon in water. The
emission spectrum was obtained under excitation at 350 nm and the excitation spectrum was
obtained at the maximum emission wavelength of 430 nm. (b) Fluorescence spectra of

GO-PEG spon in water are recorded for progressively longer excitation wavelengths from 350 to

530 nm in 20 nm increments.
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Table S2. Surface charges of different alkylamine functionalized GO dispersed in water at three

pH values. The surface charges of GO-C11Me and GO-C7Me are not measured because they are

insoluble in water.

H 5.0 7.4 10.0
GO -30.2 mv -37.2 mv -42.0 mv
GO-C3Me -15.5 mv -23.4 mv -28.0 mv
GO-C6NH, -3.9 mv -8.1 mv -14.6 mv
GO-PEG;500n -17.0 mv -23.3 mv -25.6 mv
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Figure S6. FT-IR spectra of (a) un-modified GO, (b) n-butylamine, and (c) n-butylamine
modified GO ( GO-C3Me).
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Figure S7. AFM image and cross-section analysis of GO-C3Me deposited on freshly cleaved

mica substrate by spin coating of the aqueous solution. The thickness is about 4 nm.




<<
  /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 1.4
  /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 ()
  /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 [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


