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prepared by the following route: 1.2 g of polyvinylacetate was added to 10 mL of N,N-dimethyl 

acetamide (DMAc) under magnetic stirring. When the PVAc was dissolved in the solvent 

properly, 2 mL of acetic acid and 1 mL of TiP were added. The mixture was stirred at room 

temperature for 12 h to obtain a uniform blend. Electrospinning was done using a commercial 

machine (Zeonics System, India). The voltage applied was 16 kV and the distance between the 

needle (21G 1½) tip and the rotating collector (which was wrapped with Al foil) was ~ 10 cm. 

The flow rate was maintained at 1mL/h. The humidity level of the electrospinning chamber was 

kept at ~55%. After electrospinning, the TiO2-PVAc composite nanofibers were peeled-off from 

the Al foil and sintered at 4500C for 3 h with a ramping rate of 20C/min to sublimate the PVAc 

from the composite. During the sintering process, the continuous fibers breakdown into finely 

distributed porous rice-shaped TiO2.The reasons for such a structural transformation had already 

been accounted by us in previous papers.  

 

(c) Fabrication of ultrafine nanofibers from the rice-shaped TiO2 

Six hundred milligrams of the rice grain shaped TiO2 was subjected to a hydrothermal treatment 

with 60 mL of 5M KOH solution in a steel hydrothermal bomb, lined with a Teflon coating at 

180°C for 24h. The entire setup was then cooled to room temperature. The treated materials (the 

potassium titanates) were washed repeatedly with de-ionised water and subsequently soaked in 

0.1 M HCl at room temperature for 24 h. The acid-treated material was collected and washed 

several times with water and sintered at 180 0C for 30 min. These treated samples were used for 

subsequent analysis by spectroscopy, microscopy and BET surface area measurements. 

(d) Photocatalytic application 

For this experiment, a stock solution of 2 mg methyl orange (MO) in 250 mL water was 

prepared. To study the degradation of MO on thin films, the ultrafine TiO2 nanofibers and the 

commercial P-25 were doctor-bladed on plain glass plates on an area of 2.5 cm2 by doctor-

blading technique. Doctor-blading was done by mixing 100 mg of the respective TiO2 with 100 

L of polyester (as explained in ref. 14c in manuscript)) and spreading the slurry on glass plates. 

Upon sintering the films at 450 0C for 3 h, the polymer degrades from the film leaving highly 

porous TiO2 films on glass. A drop of the MO dye was put on the respective films and was UV 

irradiated (dynamic UV light source, Sankyo Denki, Japan, 15W) for 20 min. Digital 
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photographs of the films were recorded at every 5 min interval.   
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Characterization 

Morphological and structural analyses for the processed nanofibers were done using scanning 

electron microscopy (JSM 6490 LA, JEOL, Tokyo, Japan). The high-resolution transmission 

electron microscopy (HR-TEM) was performed using a JEOL 3010 machine operating at 300 

kV. Samples for HR-TEM were prepared by dispersing the respective TiO2 in methanol under 

sonication and then allowing a drop of this suspension to dry on a carbon-coated copper grid. 

BET measurements were performed using Micromeritics analysis software (TriStar II 3020 

V1.03 (V1.03)) at 77K to determine the surface area and pore size and pore volume distributions. 

Prior to BET measurements, the treated samples were dried under flowing N2 at 350 °C 

overnight at 77 K. Phase analyses were done using Powder XRD (X’Pert PRO Analytical) 

spectrometer. X-ray photoelectronspectroscopy (XPS) was done using Kratos Analytical, Ultra 

axis machine(calibrated) under standard protocols (Monochromatic Al K X-ray (h = 1486.6 

eV, incident angle of 300 with respect to surface normal, collection of photoelectrons at a take-

off angle of 500 with respect to surface normal, analysis area of ~ 400 nm in diameter and 

analysis depth of ~ 10 nm). The carbon correction was done using manufacturer’s standard 

software. The optical properties were determined by UV-Vis spectroscopy (Shimadzu UV-

3600UV-VIS-NIR spectrophotometer). Raman spectrum of the TiO2 was measured using a 

calibrated Witec alpha300 R confocal Raman microscope using an excitation laser of 488 nm 

(wavelength) and power of 0.6 W. The spot-size was > 2 m. Atomic absorption spectra (AAS) 

of the potassium titanate (washed with methanol and water, respectively) were measured using a 

Perkin Elmer Atomic Absorption Spectrometer, USA (AAnalyst 100).       
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SEM image of the rice-shaped TiO2 during the titanate process (after ~ 5 h) showing the 

evolution of ultrafine fibers from the mesostructures.   

 

 

 

 

 

 

 

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



 

 

 

 

ESI 6 

 

 

 

 

a) A

n

 

 

 

 

 

 

 

 

 

 

 

A comparis

nanofibers (

son of the X

(black trace)

XRD pattern

). b) Raman

n of rice-sha

n spectrum o

aped TiO2 (

of the TiO2 n

(red trace) a

nanofibers. 

and the ultra

 

7 

afine TiO2 

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



 

 

 

 

ESI 7 

 

 

Survey 

respecti

spectrum o

vely).  

f the TiO2 nnanofibers ((a) and highh-resolutionn spectra of the Ti and 

8 

O (b & c, 

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
  /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


