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Experimental section. 

Graphene oxide sheets (GO) were prepared by a modified Hummer’s method S1. In 

a typical procedure for the synthesis of reduced graphene oxide/ZnIn2S4 

(RGO/ZnIn2S4) composite, 5 mg GO was dispersed into a mixed alcoholic solution 

that contained glycerol (5 mL) and ethanol (15 mL) by ultrasonication for 30 min. 

Then, 0.1910 g In(NO)3·4.5H2O, 0.0550 g Zn(AC)2·6H2O and 0.2636 g L-cysteine 

hydrochloride monohydrate (C3H7NO2S·HCl·H2O, L-CHM) was added into the 

above solution under stirring one by one, followed by ultrasonication for another 30 

min. Finally, the obtained yellow solution was transferred to a 50 mL Teflon-lined 

stainless steel autoclave, which was heated to 180 oC and maintained for 12 h. After 

cooling, the as-synthesized brown products were rinsed three times with ethanol and 

dried at 60 oC overnight. For comparison, bare RGO and the pure ZnIn2S4 were 
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obtained under the same experimental conditions. 

In order to obtain the detail content of RGO in the RGO/ZnIn2S4 composite, we 

added a certain amount of RGO/ZnIn2S4 composite into diluted hydrochloric acid (3 

mol L-1) and stirred overnight to ensure that ZnIn2S4 was dissolved completely. Then 

the black suspension was filtered, washed with distilled water several times. 

Subsequently, the clear filtrate was diluted and determined by ICP-AES to get the 

concentration of Zn2+ and In3+, so the content of RGO and ZnIn2S4 in the composite 

can be calculated, respectively. 

Characterization. 

The X-ray diffraction (XRD) of powder samples was examined on a Bruker D8 

X-ray diffractometer using Cu Ka radiation (λ = 0.15405 nm, 40 kV, 100 mA). 

Transmission electron microscopy (TEM) and high-resolution TEM (HRTEM) images 

of samples were recorded by using a JEOL 2100 microscope with a 200 kV 

accelerating voltage, Scanning electron microscopy (SEM) micrographs were taken 

using a Hitachi S-4800 instrument. UV-visible diffuse reflectance spectra (DRS) were 

determined by a UV/Vis/NIR Spectrometer (Perkin-Elmer Lambda950). The surface 

elements and their electronic states of the samples were analyzed using X-ray 

photoelectron spectroscopy (XPS, Kratos-AXIS UL TRA DLD, Al Ka X-ray source). 

Raman spectra were recorded on a Jobin Yvon HR 800 micro-Raman spectrometer at 

457.9 nm. Fourier transform infrared spectra (FIIR) were collected using a Thermo 

Scientific Nicolet NICOLETiS10. The specific surface areas of the materials were 

calculated using the Brunauer–Emmett–Teller (BET) method. Zn2+ and In3+ 

concentrations of the samples were determined by Thermo ICAP6300 inductively 

coupled plasma-atomic emission spectrometry (ICP-AES). 

Photocatalytic H2 production. 

The photocatalytic H2 evolution from water was conducted in an online 

photocatalytic hydrogen production system (AuLight, Beijing, CEL‐SPH2N). A 

certain amount of powder sample of the catalyst was suspended in a mixture of 100 
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mL of mixed aqueous solution containing 0.35 M Na2S and 0.25 M Na2SO3. The 

reaction was carried out by irradiating the suspension with light from a 300 W Xe 

lamp (AuLight, CEL-HXF-300，Beijing) which was equipped with an optical filter 

( λ > 420 nm) to cut off the light in the ultraviolet region. Prior to the reaction, the 

mixture was deaerated by evacuation to remove O2 and CO2 dissolved in water. Gas 

evolution was observed only under photoirradiation, being analyzed by an on-line gas 

chromatograph (SP7800, TCD, molecular sieve 5 Å, N2 carrier, Beijing Keruida 

Limited). 

To evaluate the photostability, the photocatalyst after the first run of 3 h 

photochemical reaction was separated from the suspension, washed with water, and 

dried at 60° C, and then, the recovered photocatalyst was used for the next run of the 

photoreaction under the same conditions.  

 

 
Fig. S1 Raman spectra of ZnIn2S4 and GO. 
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Fig. S2 FT-IR spectra of GO and RGO/ZnIn2S4 composite. 

Fig. S2 shows the FT-IR spectra of GO and RGO/ZnIn2S4. The characteristic 

peaks of GO, including C-O stretching at 1056 cm-1, C-OH stretching at 1224 cm-1, 

carboxyl O-H deformation at 1402 cm-1, skeletal vibration of unoxidized graphitic 

domains at 1624 cm-1 and C=O stretching at 1724 cm-1 were clearly observed in the 

spectrum recorded for GO.S2,S3 The broad bands in the 3400-3800 cm-1 region and at 

3422 cm-1 are related to physically adsorbed H2O and CO2 from the atmosphere, 

respectively. For the RGO/ZnIn2S4 composite, the peaks reflecting functional groups 

in GO are much less intense or absent, especially those at 1224 cm-1, 1402 cm-1 and 

1724 cm-1, which are all assigned to the oxygen-containing groups. These results 

indicate that many oxygen-containing functional groups were removed during 

solvothermal reduction process.  

 

Fig. S3 High-resolution XPS spectra of C1s from: (a) GO and (b) RGO/ZnIn2S4. 

As shown in Fig. S3a, the XPS spectrum of C1s from GO can be deconvoluted into 

four smaller peaks which are ascribed to the following functional groups: sp2 bonded 

carbon (C-C, 284.9 eV), epoxy/hydroxyls (C-O, 286.5 eV), carbonyls (C=O, 287.3 
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eV), and carboxyl (O-C=O, 288.6 eV).S4,S5 In comparison to the GO spectrum, the 

peak for O-C=O in the RGO/ZnIn2S4 (Fig. S3b) almost vanishes, and the peaks for 

C-O and C=O still exist but their intensities are much lower. The results reveal that 

the substantial reduction of GO occurred, which is in a good agreement with the 

FT-IR and Raman analysis.  

 

 

Fig. S4 SEM images of the RGO/ZnIn2S4 samples prepared from different 

solvothermal reaction time: (a) 0 h; (b) 0.5 h; (c) 3 h; (d) 12 h. 

 
Fig. S5 SEM image of the as-prepared ZnIn2S4. 
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Fig. S6 UV-vis diffuse reflectance spectra of the RGO/ZnIn2S4 and ZnIn2S4 samples. 

                 
Fig. S7 Nitrogen adsorption-desorption isotherms and the corresponding pore size 

distribution curves (inset) of RGO/ZnIn2S4 and ZnIn2S4 samples.  

 

Fig. S8 H2 production amount of RGO/ZnIn2S4 under different incident 

monochromatic light wavelength. 
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The H2 production amount dependent on the incident monochromatic light 

wavelength was measured under the same photoreaction conditions, except for the 

incident light wave-length. The hydrogen yields of 1 h photoreaction under different 

light wavelengths (365, 420, 530 and 600 nm) were measured.  

 

 
Fig. S9 Nyquist plots of ZnIn2S4 and RGO/ZnIn2S4 electrodes in 0.1 M Na2S + 0.02 

M Na2SO3 aqueous solution under visible light. 

Electrochemical impedance spectra (EIS) analysis has become a powerful tool in 

studying the charge transfer process occurring in the three-electrode system and the 

EIS Nynquist plots of the two samples are shown in Figure S9. As has been reported 

that the intermediate-frequency response is associated with the electron transport and 

transfer at the ZnIn2S4/electrode interface.S6,S7 The RGO/ZnIn2S4 sample shows 

smaller semicircle in the middle-frequency region in comparison to the ZnIn2S4, 

which indicates the fastest interfacial electron transfer.S8 That is, because of the 

excellent conductivity, the introduction of RGO can benefit the charge transfer in the 

RGO/ZnIn2S4 system and thus lower the charge recombination. Overall, RGO can 

function as an electron collector and transporter in the composite and inhibit the 

charge recombination and thus significantly enhance the photocatalytic H2-production 

activity. 
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Fig. S10 Time course of photocatalytic H2-production over RGO/ZnIn2S4 (0.050 g) 

and ZnIn2S4 (0.050 g). 

References    

S1. W. S. Hummers and R. E. Offeman, J. Am. Chem. Soc., 1958, 80, 1339-1339. 

S2. T. Szabó, E. Tombácz, E. Illés and I. Dékány, Carbon, 2006, 44, 537-545. 

S3. J. F. Shen, B. Yan, M. Shi, H. W. Ma, N. Li and M. X. Ye, J. Mater. Chem., 2011, 

21, 3415-3421. 

S4. A. V. Murugan, T. Muraliganth and A. Manthiram, Chem. Mater., 2009, 21, 

5004-5006. 

S5. S. Stankovich, D. A. Dikin, R. D. Piner, K. A. Kohlhaas, A. Kleinhammes, Y. Y. 

Jia, Y. Wu, S. T. Nguyen and R. S. Ruoff, Carbon, 2007, 45, 1558-1565. 

S6. J. G. Yu, J. J. Fan and B. Cheng, J. Power Source, 2011, 196, 7891-7898. 

S7. A. Jana and C. J. Datta, Electrochim. Acta., 2010, 55, 6553-6562. 

S8. Q. Li, B. D. Guo, J. G. Yu, J. R. Ran, B. H. Zhang , H. J. Yan, J. R. Gong, J. Am. 

Chem. Soc. 2011, 133, 10878-10884. 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



<<
  /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


