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Experiments 

Ti substrate Surface treatment: Commercial Ti foil substrates (0.10 mm thickness, 

99.5% purity, Nilaco Crop., Japan) were used as photoanode substrates. Two surface 

treatments were performed. Direct oxidation treatment was conducted using a 

hydrogen peroxide (H2O2) solution at room temperature for 1 h. Additionally, another 

Ti substrate was soaked in a mixed aqueous solution of 1:1 30 wt. % H2O2 and 28 wt. 

% NH4OH at room temperature for 1 h. The Ti foil substrates were then rinsed with 

DI water, acetone, and ethanol. 

Fabrication of DSSCs: Anatase TiO2 nanoparticle paste was prepared according to 

procedures published in literature.1 The paste was coated onto the Ti foil substrates 

using the screen printing method. After screen printing, the photoanodes were heated 

at 520 oC for 1 h in an air atmosphere. The active area of the electrode was 0.283 cm2. 

The TiO2 film was immersed in 0.5 mM cis-bis(isothiocyanato) 

bis-(2,2’-bipyridyl-4,4’-dicarboxylato)-ruthenium(II) bis-tetra- butylammonium 

(Solaronix, N719) dye solution in a 1:1 mixture of acetonitrile and tert-butanol for 24 

h. The dye-loaded TiO2 films were then rinsed with acetone to remove the remaining 

dye. The counter electrode was prepared by spraying a H2PtCl6 (Showa) isopropanol 

solution on FTO glass (2.2 mm thickness, 8-10 Ω/□, Pilkington TEC glass) and 

heating it at 400oC for 20 min. The dye-loaded photoanodes were assembled with Pt 

counter electrodes by 25-μm-thick hot-melt sealant (Dupont, Surlyn). The internal 

space of the cell was filled with an electrolyte solution consisting of 0.6M 1, 

1-methyl-3-propylimidazolium iodide (PmII, Merk), 0.01M I2 (Sigma-Aldrich), 0.1M 

LiI, and 0.5M tert-butylpyridine (TBP, Sigma-Aldrich) in acetonitrile. 

Characterization: The morphology of the Ti foil surface with different treatments, 

including non-treated, H2O2 treated, and H2O2/NH4OH treated, was served by a 
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field-emission scanning electron microscope (FESEM) (JEOL, JSM-7000F) operating 

at 5 KeV and a field-emission transmission electron microscope (FETEM) (JEOL, 

JEM-2100F) operating at 200 KeV. Raman spectra were obtained using an Ar ion 

laser operating at 514.5 nm on a Jobin-Yvon T64000 microspectrometer with 1800 

grooves/mm grating in a backscattering configuration. The photoanode film 

thicknesses were measured using a Microfigure Measuring Surfcorder (Kosaka 

Laboratory, ET3000). Optical reflectance spectra were obtained using a UV-vis 

spectrophotometer (Hitachi, U-3010). The overall energy conversion efficiency was 

evaluated using a solar simulator (Yamashita Denso, YSS-100A) at a light intensity of 

100 mW cm-2 (AM1.5). The incident light intensity was calibrated using a standard 

silicon photodiode (Bunko Keiki, BS-520). The incident monochromatic 

photon-to-current conversion efficiency (IPCE) was measured using an IPCE 

measurement system (C-995, PV-measurement Inc.). The evolution of the electron 

transport process in the cell was investigated using electrochemical impedance 

spectroscopy (EIS). Impedance spectroscopy was performed using an electrochemical 

analyzer (Autolab, PGSTAT30). Impedance measurements were conducted by 

applying a DC bias at an open circuit voltage (VOC) and an AC voltage with an 

amplitude of 10 mV at a frequency range of 50 mHz to 105 Hz under AM1.5G 

illumination. 
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Figure S1 (a) Cross-sectional TEM image of Ti substrate with H2O2/NH4OH 

treatment after heat annealing, and the corresponding energy-dispersive spectroscopy 

elemental mapping of Ti and O. (b) High-resolution TEM image with FFT 

diffractogram of the TiO2 underlayer on H2O2/NH4OH-treated Ti substrate. 
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Figure S2 Raman spectra of the non-treated, H2O2-treated and H2O2/NH4OH-treated 

Ti substrates after thermal annealing. 

  

 
Figure S3 SEM images of Ti substrates (a) non-treated, (b) H2O2-treated, and (c) 

H2O2/NH4OH-treated after thermal annealing at 520oC for 1 h. 
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Figure S4 Equivalent circuit for the simulation of the impedance spectra of the 

DSSCs.2 The typical transmission line model, which represents the electronic 

behavior in the nanocrystalline TiO2 film and at the nanocrystalline TiO2/electrolyte 

interface, was simplified as an extended element (DX), containing the parameters of 

charge transfer resistance at the TiO2/electrolyte interface (Rk), the electron transport 

resistance (Rw) in the TiO2 network, and the chemical capacitance of the TiO2 

photoanode (C. Some circuit elements are also used, including the series resistance 

(RS) related to the conductive substrates (Ti foil and FTO) and external circuits, the 

resistance (Rct,Ti/TiO2) and the capacitance (Cct,Ti/TiO2) at the Ti foil/TiO2 interface, the 

resistance (Rct,Ti/EL) and capacitance (Cct,Ti/EL) at the uncovered Ti foil/electrolyte 

interface, the charge-transfer resistance (RPt) and the interfacial capacitance (CPt) at 

the Pt/electrolyte interface, and the impedance of the diffusion of I3
- in the electrolyte 

(ZN). 

 

 

Reference to supporting information 

1. S. Ito, T. N. Murakami, P. Comte, P. Liska, C. Gratzel, M. K. Nazeeruddin and 

M. Gratzel, Thin Solid Films, 2008, 516, 4613-4619. 

2. R. Li, D. Liu, D. Zhou, Y. Shi, Y. Wang and P. Wang, Energy Environ. Sci., 

2010, 3, 1765-1772. 

 

 

 

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


