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Experimental 

Synthesis of thermally-exfoliated graphene (TEG): Graphite oxide (GO) was 

prepared from natural graphite powders (universal grade, 99.985%) according to a 

modified Hummers method. Dried GO was thermally exfoliated at 300 ºC for 3 min 

in air, and subsequently treated at 900 °C for 3 h in Ar atmosphere. The obtained 

sample was denoted as TEG. 

Synthesis of nanocomposite: 0.47 g of Pluronic P123 (EO20PO70EO20) was first 

dissolved in 10 mL of ethanol. Then, 0.28 g of TiCl4 and 1.18 g of titanium 

isopropoxide (TPT) were added in the solution. On the other hand, 0.05 g of TEG was 

added into 10 mL of ethanol. After ultrasonic for 30min, the TEG suspension was 

added into the above P123/TiCl4/TPT ethanol solution. The mixture solution was 

magnetically stirred for 2 h. The final solution was poured into a petri dish and 

evaporated in air overnight. The obtained TiO2/P123/TEG composite material was 

subsequently treated in Ar at 500 ºC for 5 hours.  

Synthesis of mesoporous TiO2: 0.47 g of Pluronic P123 (EO20PO70EO20) was 

first dissolved in 10 mL of ethanol. Then 0.28 g of TiCl4 and 1.18 g of TPT were 
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added in the solution. The solution was magnetically stirred for 2 h. The final solution 

was poured into a petri dish and evaporated in air overnight. The obtained TiO2/P123 

composite material was subsequently treated in Ar at 500 ºC for 5 hours.  

Synthesis of simplex TiO2: 0.28 g of TiCl4 and 1.18 g of TPT were added in 10 

mL of ethanol. The solution was magnetically stirred for 2 h. The final solution was 

poured into a petri dish and evaporated in air overnight. The obtained material was 

subsequently treated in air at 500 ºC for 5 hours.  

Characterization: X-ray powder diffraction (XRD) patterns were recorded on a 

Bruker D8 powder X-ray diffractometer (Germany). The morphologies of the samples 

were observed by a scanning electron microscopy (SEM) system (Hitachi S-4800) 

and a transmission electron microscopy (TEM) system (JEOL, JEM-2100). N2 

adsorption-desorption analysis was performed using a Micromeritics ASAP 2010 

instrument. Thermal analysis was performed on NETZSCH STA 409C thermal 

analyzer (Germany), in which the sample was heated in alumina crucible in air to 

800 °C at a heating rate of 10 °C min-1. 

Lithium-ion battery performance measurement: Electrochemical measurements 

were performed using 2032-type coin cells. For the nanocomposite, 80 wt% active 

material, 10 wt% carbon black, and 10 wt% polyvinyldifluoride binder were mixed 

with N-methylpyrrolidone. The obtained slurry was coated onto a copper foil current 

collector and dried in vacuum at 80 °C for 12 h. Then the electrode was cut into disks 

(12 mm in diameter) and further dried in vacuum at 80 °C for 12 h. The loading of the 

tested electrodes in our experiments is around 1.5 mg cm-2. The coin cells were 

assembled in an Ar-filled glove-box using an active material as the working electrode, 

a Li foil as the reference and counter electrode, 1 M LiPF6 in ethylene carbonate and 

diethyl carbonate (1:1 vol) as the electrolyte, and Celgard 2250 film as the separator. 

Charge-discharge measurements were carried out galvanostatically using a battery 

testing system (LAND, Wuhan Jinnuo Electronics. Ltd.) and the potential window 

was controlled between 1.0 and 3.0 V at room temperature. 80% of the weight of 

loading film in the electrode was used to estimate the specific capacity of the batteries. 

Full cell with LiFePO4 as the cathode and the nanocomposite as the anode was also 
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assembled in the same argon-filled glove-box. The LiFePO4 sample was prepared via 

Wang’s method.1 The tested cathode was prepared using similar methods as that of the 

anode slurry. The resultant LiFePO4 slurry was uniformly pasted onto alumina foil 

and dried in vacuum. The loading of the LiFePO4 electrode in our experiments is 

around 2.5 mg cm-2. In the full cell, LiFePO4 is slightly excesses over nanocomposite. 

The full cell was tested between 0.1 and 3 V and the specific capacity is calculated 

based on the mass of the nanocomposite. 

 

Figures: 
 

  
Fig. S1. The photos of (a) GO and (b) TEG. After the thermal exfoliation, the sample has a huge 
variation in volume. 
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Fig. S2. XRD patterns of GO, TEG, mesoporous TiO2, and nanocomposite (anatase TiO2, JCPDS 
File Card No. 21-1272) 
 

(a) (b) 
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Fig. S3. Raman spectrum of mesoporous TiO2. Mesoporous TiO2 is obtained by heating the 
TiO2/P123 composite material in Ar at 500 ºC for 5 h. Two prominent peaks are obtained at 1365 
and 1600 cm-1 for mesoporous TiO2, and these peaks correspond to the D and G bands of 
amorphous carbon. Amorphous carbon is formed by the carbonization of P123 micelles during 
heat treatment. 
 
 

  

Fig. S4. SEM images of TEG. The TEG sample is composed of micron-sized particles and has a 

nanosheet structure resulting from the decomposition of the oxygen-containing groups of GO 

during the thermal exfoliation process. 
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Fig. S5. SEM images of the nanocomposite at different magnifications. Figure a shows that the 
nanocomposite is composed of micron-sized particles. Figure b-d show that the mesoporous TiO2 
and graphene nanosheets form the three-dimensional continuous complex structure. 
 

 
Fig. S6. SEM image and corresponding carbon, titanium, and oxygen elemental mapping of the 
nanocomposite 
 

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



6 
 

Reference: 
[1] Y. Wang, Y. Wang, E. Hosono, K. Wang, H. Zhou. Angewandte Chemie 
International Edition 2008, 47, 7461. 

Electronic Supplementary Material (ESI) for RSC Advances
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


