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Experimental Section 

Chemicals and Materials. Titanium (Ti) foils (0.25 mm thick, 99.7% purity) were 

supplied by Aldrich Corporation. Hydrofluoric acid (HF, 48%), acetone, 2-propanol, 

and methanol (analytical grade) were purchased from Sigma-Aldrich without further 

treatment prior to use. High-purity deionized water (Millipore Corp., 18 MΩ cm) was 

used for the reaction solution preparation and the rinse of Ti foils. Caution in 

handling Hydrofluoric acid (HF) must be taken as it is an extremely corrosive reagent 

and can cause great harm when in direct contact! 

Fabrication. Ti foils (50 mm × 15 mm) were degreased prior to experiments by 

sonication in acetone, 2-propanol, and methanol, subsequently rinsed with Milli-Q 

water, and finally dried in a nitrogen stream.1 The pre-treatment Ti foils as titanium 

source were put into an autoclave, and 60 mL of 0.5% (v/v) HF solution (pH 1.3) was 

added to the autoclave as reaction solution. The hydrothermal reaction was carried out 

at 180 °C for 3 h (or 24 h). After hydrothermal reaction, the product was collected, 

and then rinsed with Milli-Q water and dried in a N2 stream. To obtain a clean 

fluorine-free surface, the as-synthesized product was calcined in air at 600 °C for 1.5 

h with heating and cooling rates of 2 °/min. 

TiO2 films composing of anatase TiO2 microspheres with exposed mirror-like plane 

{001} crystalline facets and TiO2 nanoparticles (Degussa P25) were fabricated on pre-

treatment FTO conducting glass substrates by a screen-printing technique.2 For 

comparison, commercially available TiO2 nanoparticles (Degussa P25) and TiO2 

microspheres without exposed mirror-like plane {001} crystalline facets were also 

used to prepare photoanodes for DSSCs. The fabricated photoanodes were calcined at 

450 ºC for 1 h, and then sensitized with the dye solution (3 × 10-4 M) and kept for 24 

h to complete dye adsorption before DSSCs measurement. The dye solution was 
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prepared by dissolving N719 (RuL2(NCS)2(TBA)2(H2O)4, L = 2,2'-bipyridyl-4,4'-

dicarboxylic acid, TBA = tetrabutylammonium, from Dyesol) in butanol and 

acetonitrile (1:1, v/v).  

Characterization. The synthesized samples were comprehensively characterized by 

SEM (JSM-6300F), TEM (Philips F20), and XRD (Shimadzu XRD-6000 

diffractometer, equipped with a graphite monochromator). Diffuse reflectance spectra 

of the TiO2 films were recorded on a Varian Cary 5E UV-vis-NIR spectrophotometer. 

Dye loading measurements were conducted by desorbing the dye molecules from the 

dye-anchored TiO2 films in NaOH ethanolic solution (10-4 M).3 The loading amount 

was calculated from the absorbance of the completely desorbed dye solutions by the 

spectrophotometer (Varian, Cary 4500). 

Measurements. A series of DSSCs were fabricated with traditional sandwich type 

configuration by using a dye-anchored TiO2 film and a platinum counter electrode 

deposited on FTO conducting glass. A mask with a window area of 0.15 cm2 was 

applied on the TiO2 film side to define the active area of the cells. A 500 W Xe lamp 

(Trusttech Co., Beijing) with an AM 1.5G filter (Sciencetech, Canada) was used as 

the light source. The Light intensity was measured by a radiant power meter (Newport, 

70260) coupled with a broadband probe (Newport, 70268). The photovoltaic 

measurements of DSSCs were recorded by a scanning potentiostat (Model 362, 

Princeton Applied Research, US). 
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Fig. S1 Schematic illustration of the role of TiO2 microspheres with exposed mirror-

like plane {001} crystalline facets as light scattering top layer. IL: Input light; RL: 

Reflected light. 
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Fig. S2 SEM image and XRD pattern of the TiO2 microspheres with exposed mirror-

like plane {001} crystalline facets after calcination at 600 ºC for 1.5 h. 
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Fig. S3 Cross-sectional SEM images of the TiO2 film composing of TiO2 

microspheres with exposed mirror-like plane {001} crystalline facets and TiO2 

nanoparticles (a) and P25 film (b). 
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Fig. S4 Incident photon to current conversion efficiency (IPCE) curves of the TiO2 

photoanode composing of TiO2 microspheres with exposed mirror-like plane {001} 

crystalline facets and TiO2 nanoparticles and P25 photoanode. 
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Fig. S5 (a) SEM image of as-synthesized TiO2 microspheres without exposed mirror-

like plane {001} crystalline facets fabricated at 180 ºC for 24 h, the inset of high 

magnification SEM image. (b) TEM image of individual TiO2 microsphere after 

hydrothermal reaction of 24 h, the insets of corresponding SAED pattern and HRTEM 

image. After hydrothermal reaction of 24 h, the exposed mirror-like plane {001} 

facets on microsphere surface are disappeared owing to HF etching/dissolving.4, 5 The 

(101) surface of microsphere becomes dominant, which is d101 = 3.52 Å.5-7 
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Fig. S6 Diffuse reflectance spectra of the TiO2 microsphere with exposed mirror-like 

plane {001} crystalline facets,   TiO2 microsphere without exposed mirror-like plane 

{001} crystalline facets, and P25 films.  

 

1. J. M. Macak, H. Tsuchiya, L. Taveira, S. Aldabergerova and P. Schmuki, 
Angew. Chem., Int. Ed., 2005, 44, 7463-7465. 

2. H. Yu, S. Zhang, H. Zhao, B. Xue, P. Liu and G. Will, J. Phys. Chem. C, 2009, 
113, 16277-16282. 

3. X. Liu, Y. Luo, H. Li, Y. Fan, Z. Yu, Y. Lin, L. Chen and Q. Meng, Chem. 
Commun., 2007, 2847-2849. 

4. W. Ho, C. Yu Jimmy and S. Lee, Chemical Commun., 2006, 1115-1117. 
5. J. H. Pan, X. Zhang, A. J. Du, D. D. Sun and J. O. Leckie, J. Am. Chem. Soc., 

2008, 130, 11256-11257. 
6. J. H. Pan and W. I. Lee, Chem. Mater., 2006, 18, 847-853. 
7. J. K. Zhou, L. Lv, J. Yu, H. L. Li, P.-Z. Guo, H. Sun and X. S. Zhao, J. Phys. 

Chem. C, 2008, 112, 5316-5321. 
 
 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010



<<
  /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


