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The TiO, nanoparticles were prepared by the sol-gel procedure. The titanium (IV) isopropoxide
(30 ml) was rapidly added to the stirring distilled water (60 ml) and then stirred for 30 min. The white
precipitate formed immediately after addition of the titanium (IV) isopropoxide. The colloid was
filtered and washed with distilled water and ethanol, then added to a closed vessel containing 30 ml 0.6
M teramethylammonium hydroxide aqueous solution and stirred at 90 °C until the slurry became a
translucent blue-white liquid. The solution was moved to a Teflon-lined autoclave and treated
hydrothermally at 220 °C for 8 h. After growth, the anatase nanoparticles formed. The nanopartilces
were washed with distilled water and ethanol, and then dispersed in ethanol to make the paste. Fig. 1
shows the XRD patterns of the TiO; nanoparticles after sintering at 400 °C. The crystal diameter was

12.80 nm from the intensity of (101) peak.
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Fig. 1 X-ray diffraction (XRD) patterns of the annealed T10O, nanoparticles.

The intercalated sodium was removed by washing with 0.1 M HCI solution. The presence of
sodium is observed by energy dispersive X-ray analysis (EDX), shown in Fig. 2a, which reveals that

the sodium content is substantial in the nanotubes without HCI washing, up to ~9-10 at%. The EDX



measurement also revealed that the sodium content is almost zero in the nanotubes with HCI washing.

So through HCI solution washing, the intercalated sodium of nanotubes was almost removed.
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Fig. 2 EDX spectra of (a) as-synthesized titanate nanotubes without HCI solution washing, (b) the nanotubes after HCI

solution washing.

The flatband potential of mesoporous TiO, composite film electrode was measured by
spectroelectrochemical method. The electrode consisted of a 4.5 pum thick titania composite layer was
supported by the conducting glass substrate (F doped SnO;). The composite electrode formed the
working electrode of a closed three electrode signal compartment cell, the counter electrode being
platinum and the Ag/AgCl reference electrode. The electrolyte solution was composed of
tetrabutylammonium percholrate (TBAP) and acetonitrile (MeCN). Absorbance was measured at 780
nm, the applied potential being scanned at 0.005 V-sec™. For each determination of Vg, a new working
electrode and freshly prepared electrolyte solution were used.

In general, the impedance spectra of dye-sensitized solar cells presented three semicircles in
Nyquist plots, which were assigned to the charge transfer at the counter electrode (R between the
Pt/electrolyte interface) in the high frequency region, to electron transfer at the TiO; electrode (R
between the TiO,/dye/electrolyte interfaces) in the middle frequency region, and to the Warburg
diffusion process of I/I5" in the electrolyte (Rgirr) in the low frequency region. The sheet resistance of
the TCO (R;) was in the high frequency range over 10° Hz.

According to the Mie theory, the particles should have a large size to scatter light. Ferber et al'
through computer simulation found that the large TiO, particles 250-300 nm in diameter as scattering

centers mixed in a TiO, matrix containing 20 nm particles could scatter light efficiently. Many



groups®” have confirmed that the use of large particles as scattering centers or an upper scattering
layer is more favorable for enhancing light harvesting. Fig. 3 shows the UV-vis reflectance and
transmittance spectra of different nanotube content films (thickness 5 + 0.5 um) in the range of visible
light. With the nanotube content increasing, the reflectance of films increased and the transmittance
decreased. The 50 wt% film had around 0% transmittance at the wavelength range from 400 to 600 nm.
If the light illuminated the front of cell with 10 um film, the dye in upper 5 um film hard absorb the
light at these wavelength (from 400 to 600 nm). So the nanotube content should not be high.
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Fig. 3 UV-vis spectra of (a) absorbance and (b) transmittance for different nanotube content films.

Table 1 shows the performance of the DSCs based on the various amount of nanotubes under
simulated AM 1.5 light. At the comparable film thicknesses, the photocurrent densities increased from
14.47 mA/em® of the 0 wt% DSC to 17.05 mA/cm’ of the 5 wt% DSC, and decreased to 14.09
mA/cm® of the 50 wt% DSC. Meanwhile, there were essentially no substantial differences in the
photovoltages and fill factors. The improvement in Js, would increase the photovoltaic conversion
efficiency. The photovoltaic conversion efficiency of the 5 wt% DSC received the highest value,
which was 7.80%.

Table 1. The photovoltaic parameters of the DSC as a function of the nanotubes amount under AM 1.5 light (100 mW/cm?).

Nanotubes (wt%) Jee (mA/cm?) Ve (V) FF n (%)
0 14.47 0.701 0.664 6.73

1 15.28 0.696 0.664 7.06

5 17.05 0.691 0.663 7.80

10 16.05 0.702 0.662 7.46

20 14.94 0.705 0.682 7.18

50 14.09 0.693 0.671 6.55

References



(D Ferber, J.; Luther, J. Solar Energy Materials and Solar Cells 1998, 54, 265.

2) Tian, Z. P.; Tian, H. M.; Wang, X. Y.; Yuan, S. K.; Zhang, J. Y.; Zhang, X. B.; Yu, T.; Zou, Z. G.
APPLIED PHYSICS LETTERS 2009, 94, 3.

3) Chen, D.; Huang, F.; Cheng, Y.-B.; Caruso, R. A. Adv. Mater. 2009, 21, 2206.

4) Yang, L.; Lin, Y.; Jia, J. G.; Xiao, X. R.; Li, X. P.; Zhou, X. W. Journal of Power Sources 2008, 182,
370.

(5) Hu, L. H.; Dai, S. Y.; Weng, J.; Xiao, S. F.; Sui, Y. F.; Huang, Y.; Chen, S. H.; Kong, F. T.; Pan, X;
Liang, L. Y.; Wang, K. J. Journal of Physical Chemistry B 2007, 111, 358.




<<
  /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 <>
    /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


