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Experimental section. 

Materials and instrumentation. TiO2 slurry (17 w% in 2-propanol) was obtained 
from Tayca. Heptadecafluorodecyltrimethoxysilane (TSL 8233) was obtained from 
Toshiba Silicone. Sodium alginate, calcium chloride, palladium chloride and anhydrous 
ethanol were obtained from Wako. Chemicals for electroless plating of nickel 
(NM_DEN LPX) were gifts of Uemura Kogyo. All the chemicals were used as received, 
without further purification. Ultrapure water (Mill-Q) was used in all experiments. 

Surface and cross-sectional morphologies of TiO2 films were examined with a Hitachi 
S-4500 scanning electron microscope (SEM). All of the samples were coated with 
platinum with a commercial sputtering apparatus prior to the SEM examination. The 
surface roughness of the TiO2 films was measured with a scanning probe microscope 
(SPM, Nanoscope IV, Digital Instruments). Particle size of TiO2 slurry was analyzed 
with a transmission electron microscope (Topcon EM-002B) and a dynamic light 
scattering particle size analyzer (Horiba, LB-500). Contact angles (CA), either static or 
dynamic, were measured with a contact angle meter (Kyowa CA-X) at room 
temperature and were analyzed with commercial FAMAS software. Optical 
microscopes, such as a Keyence VH-Z100 and a Keyence VF-7500 were used to study 
the superhydrophobic-superhydrophilic pattern. A cooling/heating stage (Japan 
Hightech Co., Code 10021) was used to cool or heat sample during observation with 
optical microscopes. 

Preparation of superhydrophobic TiO2 films. TiO2 slurry (Tayca, TKD 701) was 
diluted with anhydrous ethanol (Wako) to a concentration of 2% by weight. TiO2 films 
were prepared by spin-coating the slurry on glass substrates for 5 times. The film was 
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heated at 120 °C for 5 minute after each coating, and was heated at 500 °C for 30 
minute finally. The resultant TiO2 film has a thickness of 500 nm. 

The TiO2 film was modified with heptadecafluorodecyltrimethoxysilane (Toshiba 
silicone, TSL 8233) by the chemical vapor deposition (CVD) method. In brief, TiO2 
film was put in a vessel filled with dry N2. A drop (0.2 ml) of the fluoroalkylsilane 
(FAS) was pipetted into the vessel. After that, the vessel was heated at 120 °C for 3 
hours. Finally, the modified TiO2 film was rinsed with ethanol to remove physisorbed 
FAS molecules. 

We have also prepared TiO2 films with different thickness via spin-coating the TiO2 
slurry for 1, 3, 7, and 10 times, respectively in order to examine the influence of film 
thickness on the transparency of TiO2 films. As shown in Figure S3, the light 
transmittance of TiO2 films decreases with the increase of coating times due to the 
enhanced light scattering. But even for a 10-time coated film whose thickness is 1 μm, 
its transmittance is over 68% in the visible light region (400-800 nm) and thus is 
transparent.  

 
Patterning superhydrophobic film. Parallel UV irradiation (Yamashita Denso, 

Hypercure 200) was used to pattern the FAS-modified TiO2 film through a photomask 
made by depositing a 100 nm-thick chromium pattern on a 2 mm-thick quartz plate. The 
intensity of UV irradiation was measured as 27 mW cm-2 with a Hamamatsu photometer.  
The superhydrophobic-superhydrophilic pattern was visible by optical microscopes 
when cooled below the dew point with a cooling/heating stage. 

 
Electroless deposition of nickel. The patterned TiO2 film was immersed in 10 mM 

PdCl2 in mixture of water and ethylene glycol (100: 2 by volume), and then was 
illuminated with weak UV light (1 mW cm-2) for 10 second. After these procedures, the 
patterned surface was immersed in an electroless plating bath of nickel (NM_DEN 
LPX) at 90 °C for 30 min.  

 
Alginate hydrogel pattern. The patterned TiO2 film was immersed in a 2% w/w 

sodium alginate solution in water and withdrawn at a speed of 15 cm min-1. By this 
procedure, the superhydrophilic area of the patterned surface was filled with alginate 
solution. Next, the film was immersed in a 2% calcium chloride aqueous solution for 20 
second and then withdrawn from the solution. Calcium ions could crosslink alginate 
chains and cause the formation of alginate hydrogel pattern on TiO2 film. 
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Figure S1. a) TEM image of TiO2 nanoparticles and b) DLS size distribution of TiO2 
aggregated particles in the slurry used in preparation of TiO2 film.  
 
 
 
 
 
 
 
 
 
 
        
 
 
 
Figure S2. a) Cross-sectional SEM image of TiO2 film and b) surface topography 
picture measured by a SPM.  
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Figure S3. Transmission spectra of TiO2 films prepared by spin-coating a TiO2 slurry for 
1, 3, 5, 7, and 10 times, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
                      
 
 
 
Figure S4. Evolution of water contact angle on a superhydrophobic TiO2 film as a 
function of UV illumination time. Also shown in the figure are two pictures 
corresponding to the superhydrophobic and superhydrophilic states, respectively. 
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Figure S5. Transmission spectra of a superhydrophobic TiO2 film (black line) and the 
film patterned with UV irradiation through a photomask (red line). Photocatalytic 
decomposition of fluoroalkylsilane monolayer with UV light did not change the 
transparency of the film appreciably.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S6. Micrograph of a superhydrophobic TiO2 film patterned with UV light 
through a photomask that consists of 5 μm-wide squares. The micrograph was taken 
when cooling the film below the dew point so that water was site-selectively condensed 
in the superhydrophilic area. 
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Figure S7. a) Picture of an alginate hydrogel pattern on a superhydrophobic TiO2 film 
showing the transparency of the patterned film. b) Optical micrograph of the alginate 
hydrogel pattern taken at 100-time-magnification. The characters under the hydrogel 
pattern are a bit vague because they are out of focus. The bar in Figure S6b corresponds 
to 400 μm.  
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Figure S8. Temporal evolution of water contact angle of a superhydrophobic TiO2 film 
placed under fluorescent lamps. The film shows stable superhydrophobic property 
(water contact angle > 160°) for over 10 days. The emission of fluorescent lamps 
contains visible light and a small amount of ultraviolet light (UV intensity: 1.2 μW 
cm-2).  
 
 



Supplementary Material (ESI) for Chemical Communications 
This journal is (c) The Royal Society of Chemistry 2007 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /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 true
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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 <>
    /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.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


