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Electrochemical deposition of multi-walled carbon nanotubes (MWCNTs)-layer on FTO

Chemical vapour deposition (CVD)-grown MWCNTs (ca. 5~10 pum in length),
tetraoctylammonium bromide (TOAB), and tetrahydrofuran (THF) were obtained from Sigma-
Aldrich. MWCNTs were first oxidized in a mixture of concentrated sulfuric and nitric acid (95%
H,S04/65% HNOs = 3/1, v/v) for 1 h to open the ends of the tubes and for shortening up to 0.5~1
um.”' After collection following centrifugation and repeated washing to remove excess acid, 40
mg of completely dried CNTs were dissolved in 100 ml THF with 0.52 g TOAB to form a stable
dark suspension following 30 min sonication. CNTs, recollected by centrifugation, were washed
to remove unbound TOAB and dried at 60°C for 8 h. They were dissolved in 25 ml THF,
followed by sonication for 20 min, to prepare highly dispersed CNT solution, which was used for
the electrophoretic deposition of CNTs after further dilution by THF up to the factor of 5.25 V
(dc), applied for 10 min across the two pieces of FTO (15 x 50 mm, 15 €/ , Pilkington Co.
Ltd.). They were then dipped into the solution 4-5 mm apart in parallel to deposit CNTs

electrophoretically.
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Preparation of TiO; colloidal mixture

TiO; colloidal mixture was prepared using 25 nm commercially available nanoparticles (P25;
Degusa, Germany) by mixing with 50 % (w/w) of hydroxypropyl cellulose (HPC) (Aldrich) after
pretreatment with acetylacetone as previously reported.”'™> MWCNTs in 0.2, 0.025, and 0.01%

by weight solutions were added to form a CNT-dispersed TiO; colloidal mixture.

Fabrication of device

The electrodes were dipped into 0.3 mM ethanolic solution of cis-diisothiocyanato-bis(2,2’-
bipyridyl-4,4’-dicarboxylato) ruthenium(Il) bis-tetrabutylammonium dye (N719) for 18 h. The
counter electrodes were prepared by spin coating of 5 mM ethanolic solution of chloroplatinic
acid hexahydrate (H,PtCls-6H,O) on FTO and sintered at 380°C for 20 min. The dye loaded
photoelectrodes (active area ca. 0.16 cm?®) and platinized counter electrodes were sandwiched
with 20 um thick Surlyn film as a spacer and sealing agent at 110°C for 10 min. The electrolyte
solution composed of 0.6 M 1,2-dimethyl-3-propylimidazolium iodide (DMPII), 0.1 M Lil, 0.1
M I, and 0.5 M 4-tert-butylpyridine (/BP) in 3-methoxypropionitrile (MPN) was injected into
the cell through the drilled holes on the counter electrode. They were sealed with a transparent

scotch tape.”!

Measurements

A solar simulator equipped with a 200 W Xenon lamp (Polaronoix® K201, McScience) was used
to generate simulated light of AM1.5. A photovoltaic power meter (Polaronoix® K101 LAB20,
McScience) was used to measure the J-V curves. The incident light intensity was adjusted to 100

mWem™ (1 sun) by a standard mono-Si solar cell (PVM 396, PV Measurement), certified by
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National Renewable Energy Laboratory (NREL). Electrochemical impedance spectra (EIS) were
obtained under open circuit and dark conditions in the frequency range of 10°—0.1 Hz with the ac

amplitude of 10 mV (IM6ex, Zahner-Elektrik GmbH & Co. KG).

Voltammetric analysis was performed with CHI 430A electrochemical workstation (CH
Instrument, Inc. USA). A conventional three electrode system was used with platinum wire and

Ag/AgCl as counter and reference electrode, respectively.

Notes and references

sl D. W. Seo, S. Sarker, N. C. D. Nath, S.W. Choi, A. J. S. Ahammad, J.-J. Lee and W. G. Kim,
Electrochim. Acta, 2010, 55, 1483.

s2 Y. Park, Y. M. Jung, S. Sarker, J.-J. Lee, Y. Lee, K. Lee, J. J. Oh and S.-W. Joo, Sol. Energy
Mater. Sol. Cells, 2010, 94, 857.

s3 Y. M. Jung, Y. Park, S. Sarker, J.-J. Lee, U. Dembereldorj and S.-W. Joo, Sol. Energy Mater.

Sol. Cells, 2011, 95, 326.




<<
  /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


