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1. Experimental 
 

Titanium dioxide polymeric sol was obtained via hydrolysis of tetrabutyl 

titanium (Ti (OC4H9)4). An aqueous solution of DMF was added drop wise to a 

solution of tetrabutyl titanium in acetylacetone (AcAc) under vigorous stirring. The 

stirring was kept for two hours after the hydrolysis is completed, and then different 

amounts of P123 were added to the sol under continued stirring until the final sol was 

clear. The molar ratio of Ti (OC4H9)4: AcAc: DMF: H2O was 1:1:6:3 and the P123 

content in the final sol was varied from 0 to 20wt%. The samples with 0wt%, 5wt%, 

10wt%, and 20wt% of P123 were denoted as TP-0, TP-1, TP-2 and TP-3, 

respectively. 

Membranes were prepared on tubular asymmetric α-Al2O3 microfiltration 

membranes with a wall thickness of 3mm, an outer diameter of 12.5 mm, a length of 

110 mm and an average pore size of 0.21μm (Membrane Sci. & Tech. Research 

Center, Nanjing, China). The porous α-Al2O3 tubular supports were pretreated with 

poly (vinyl alcohol) (PVA) as pore-filling substance 1 to prevent nanoparticle 

penetration during dip-coating. The dip-coating, aging/drying, and calcining cycle 

was repeated four times to obtain mesoporous membranes free of pinholes and cracks. 

Unsupported gel films were also prepared by drying the sol in Petri-dishes. For both 

the supported membranes and unsupported films, identical thermal treatments were 

applied, including drying at 70oC for 12 h followed by 200-min calcination at 400oC 

for 2h in air atmosphere, with a heating rate of 0.5oC/min. 
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An environmental scanning electron microscope (Quanta 200) was used to 

measure the thickness of the membrane and observe the surface morphology of the 

TiO2 membrane. The pure water flux of the supported titania membrane were 

measured at 293K under a transmembrane pressure of 0.1MPa. 

The photocatalytic activities tests were measured by the degradation of methyl 

orange in an aqueous solution. A 500W xenon lamp (CHF-XM 500, Beijing, China) 

was used as a visible-light source (700 nm>λ> 420 nm). 0.5g photocatalyst was put in 

100 mL aqueous solution of 5×10-4g L-1 methyl orange. The concentration of the 

methyl orange solution was monitored every 30min by measuring the maximum 

absorbance of methyl orange at 465nm 2 using the UV spectrophotometer. 

 

2. Characterization 

2.1 Dextran retention curves of supported membranes  

 

The dextran retention of the supported titania membrane were measured at 293 K 

under a transmembrane pressure of 0.1MP following the ASTM E 1343-90 method. 

The concentrations and molecular weights of dextrans in the feed and permeate 

solutions were analyzed by a gel permeation chromatographer (Waters Corp.).  
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Figure S1. Dextran retention of membrane under different coating times a: support, b: first 
coating, c: second coating, d: third coating, e: fourth coating 
 
2.2 Nitrogen adsorption-desorption isotherms and BJH pore-size distribution 
curves 
 
The BET specific surface area, pore size distribution and pore volume of the catalyst 
was characterized by N2 adsorption at liquid nitrogen temperature using BELSORP II. 
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Figure S2. N2 adsorption-desorption isotherms (Ⅰ) and BJH pore size distribution curves (Ⅱ) of the 

TiO2 film (a) TP-0, (b)TP-3 

 

2.3 X-ray photoelectron spectroscopy studies  
 
The XPS data were measured by using VG ESCALAB MKII spectrometer (Al Kα 

1486.6 eV photons). All binding energies were referenced by C 1s neutral carbon peak 

at 284.6 eV of the surface adventitious carbon. 
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Figure S3. XPS spectra of (a) N1s, (b) Ti 2p (c) C 1s for the TiO2 membrane of TP-3: 

Figure 4S (a) confirms the states of the doped N atom, N 1s XPS spectrum of the 

sample, there is only one strong peak observed at 399.7eV, which indicates that the N 

species existed in the form of nitrides, for instance as O-Ti-N linkage in the surface. 
3-5 XPS signals of Ti 2p in figure 4S (b) were observed at binding energies at around 

458.8eV (Ti 2p3/2) and 464.6eV (Ti 2p1/2). The Ti 2p peaks were in good agreement 

with pure TiO2, which indicates the titanium atom is bond with oxygen but not carbon. 

Figure 4(c) compares the XPS profiles in the region of C 1s binding energy (BE). 

Primary C 1s relevant peaks were found mainly at 284.8eV, 285.9eV, 288.7eV. The 

first peak at 284.8eV can be ascribed to adventitious hydrocarbon from the XPS 

instrument itself. The other two are assigned to the presence of single C-O bonds 

(hydroxyl group) and carboxylate impurities. 6-8  

 

2.4 X-ray diffraction patterns  
 
Wide-angle X-ray diffraction (WAXRD) patterns were obtained by a Bruker D8 
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Advance X-ray diffractometer with Cu Kα radiation (λ=0.154 nm) at 40 kV and 30 

mA. 
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Figure S4. XRD patterns of TiO2 film (a) TP-0, (b) TP-3 calcined for 200min at 400

℃: The X-ray diffraction (XRD) pattern of the membrane confirmed a pure anatase 

phase, which is the most-active phase. The crystallite size was estimated to be 

approximately 15.8 nm in TP-0 and 11.6nm in TP-3 by peak broadening analysis 

using Scherrer’s equation based on the peak at (101). 9  

 

2.5 UV-vis diffuse reflectance spectra 
 
UV-vis reflectance spectra were measured with a Shimadzu UV-2401TC UV-vis 
spectrophotometer using BaSO4 as the background. 
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Figure S6. UV-vis adsorption spectra of the TiO2 film of TP-3: An extension of the 
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absorption edge towards visible light region was observed and the maximum shifted 

to a longer wavelength of 430nm, indicating that the N, C-doped TiO2 membranes 

possesses photoactivity in visible-light. The band gap was approximately 2.88ev, 10 

which is narrower than that of the pure TiO2. 

 

References 

1 Y. S. Kim, S.A.M. Yang, Adv. Mater. 2002, 14, 1078. 

2 H. Wang, Y. Wu, B.Q Xu, Appl. Catal. B. 2005, 59,139. 

3 X. Chen, Y. B. Lou, A. C. S. Samia, C. burda, J. L. Jole, Adv. Funct. Mater. 2005, 15, 41.  

4 X. Chen, X. Wang, Y. Hou, J. Huang, L. Wu, X. Fu, J. Catal. 2008, 255, 59. 

5 W. Ren, Z. Ai, F. Jia, L. Zhang, X. Fan, Z. Zou, Appl. Catal. B, 2007, 69, 138. 

6 R. Fu, N. Yoshizawa, MS Dresselhaus, G. Dresselhaus, Langmuir, 2002, 18, 10100. 

7 K. X.Yao, R. Sinclair, H. C. Zeng, J. Phys. Chem. C, 2007, 111, 2032. 

8 J.C Yu, J Yu, W Ho, Z Jiang, L Zhang, Chem. Mater, 2002, 14, 3808. 

9 H. Choi, E. Stathatos, D.D. Dionysiou, Appl. Catal. B, 2006, 63, 60. 

10 S. Nakade, M. Matsuda, S. Kambe, Y. Saito, T. Kitamura, T. Sakata, Y. Wada, H. Mori, S. 

Yanagida, J. Phys. Chem. B. 2002, 106, 10004. 

 

 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



<<
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /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


