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Experimental details 
 
Device fabrication: The organic-inorganic hybrid photovoltaic cells were prepered using the 

following procedure. Transparent conducting oxide (TCO) glass (10 Ω/sq, GEOMATEC Co., Ltd.) 

was cleaned ultarasonically in acetone, isopropanol, and ultra-pure water sequentially for 10 min each.  

The TCO glass was pre-treated with a 0.05 mM aqueous TiCl4 at 70 °C for 30 min.  After being 

dried by N2-gas and heated at 150 °C, mesoporous TiO2 films (1 m) were screen printed by using a 

commercial TiO2 screen printing paste (PST-18 NR, JGC Catalysts and Chemicals Ltd.).  Sintered 

electrodes were immersed in ethanol solution of 1-Amino-4-hydroxyanthraquinone (AQ) (1.0 mM, 

Tokyo Chemical Industry Co., Ltd.) and kept at 75 °C for 1 hours.  As hole-transporting layers (100 

nm), perylene (Tokyo Chemical Industry Co., Ltd.) was sequentially stacked by the vapor deposition 

method under a pressure of about 2.0×10-5 Pa.  Finally, Au top electrodes (100 nm) were thamally 

evapolated on the perylene films. 

Measurements: The film thickness was measured by the stylus surface profiling system (Dektak 150, 

ULVAC, Inc.).  AFM images were obtained on a SPM-9700 (Shimadzu corporation).  Electronic 

absorption spectra were measured with a UV-1800 spectrophotometer (Shimadzu corporation). 

Infrared and Raman spectra were recorded with IRPrestige21/AIM8800 (Shimadzu corporation) and 

Nanofinder (Tokyo Instruments Inc.), respectively.  Thin film structures of the perylene film were 

characterized by X-ray diffraction using CuK radiation (BRUKER D8 DISCOVER/Hybrid). 

Photocurrent density–voltage (J–V) curves were measured by a computer-controlled digital source 

meter (Keithley 2400) under iradiation by a PEC-L01 solar simulator (AM 1.5 G, 100 mW/cm2, 

Peccell Technologies, Inc.).  Incident photon-to-current conversion efficiency (IPCE) was recorded 

with PEC-S20 action spectrum measurement setup (Peccell Technologies, Inc.).  The ionization 

potential in the air was estimated by the photoemission yield spectrometer (AC-3, RIKEN KEIKI CO., 

LTD.). 

Density functional theory (DFT) calculation: All the calculations were carried out with 

three-parameterized Becke-Lee-Yang-Parr (Restricted B3LYP) hybrid exchange-correlation 

functional.  The 6-31g (d, p) basis set was used for C, H, N, and O, and 6-31g ++(3d, 3p) for Ti. 
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Figure S1. FT-IR (a) and Raman (b) spectra of AQ coordinated on TiO2 (solid line) and AQ 
in the solid film (dotted line).  In the IR spectra, AQ in the solid film shows the hydroxyl 
group vibration of the (OH) mode at ~1450 cm-1, while the corresponding one of AQ 
coordinated on TiO2 disappears.  The Raman spectra also show the C-O(H) modes of AQ in 
the 400-500 cm-1, which are shifted to higher energy by coordination with Ti4+.  There is no 
change of the NH mode of AQ at 657 cm-1, indicating that the NH3 group of AQ is not 
concerned in the coordination bond with Ti4+.  

   

(a)  (b)  
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Figure S2. Molecular orbitals and the main transitions of AQ and Ti-AQ calculated with 
TD-DFT (Restricted B3LYP 6-31g (d, p), 6-31g ++(3d, 3p) ). 
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Figure S3. 2D X-ray diffraction profile of perylene in crystal phase, together with 
assignments of the Bragg reflections.  
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Figure S4. Projection views on (a) ab and (b) ac planes of -form perylene crystal. 
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Figure S5. Photoemission yield spectra of Ti-AQ (red) and Perylene (blue) films in the air. 
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Figure S6. The dark J–V characteristics of a photovoltaic cell TCO/TiO2/Ti-AQ/ 
Perylene(crystal)/Au (Cell3). 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



<<
  /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


