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Supplementary Figure & Table: 
 
 
Experimental details 

 

Preparation of the N,B codoped TiO2: The undoped and N,B codoped TiO2 were 

prepared by modified sol-gel method. For N,B codoped TiO2 sample, Titanium 

isopropoxide (Fluka) was added drop by drop (2 mL/min) to 90 ml deionized water 

with the mixture of DD-water, H3BO3 and CO(NH2)2 at room temperature under 

vigorous stirring for 3-5 h. The formed precipitate solution，which were prepared by 

adding different amount of boric acid and urea(TiO2: urea =20/7, 4/1, weight ratio), 

were washed and collected with deionized water thoroughly, then stirred for 10 h at 

80 °C to formed transparent sol and heated at 200 °C in autoclave for 12 h to obtain 

gelatin which was added polyethylene glycol (PEG, molecular weight of 20 000, 

Aldrich) and terpineol (Fluka) to form the TiO2 paste(N,B codoped-1(0.43 at.% N, 
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0.51 at.% B), N,B codoped-2). The whole process was under vigorous stirring. The 

preparation method for undoped sample was the same as above with the addition of 

precursors as required. 

Assembly of DSCs:  

N,B codoped and undoped photocathodes were fabricated by screen-printing 

technique using the our group’s published procedures to achieve TiO2 film thicknesses 

of 13.4 µm、 13.0µm and 12.8 µm, respectively.S1 The N,B codoped and undoped 

photocathodes were immersed in an 0.5mM ethanol solution of  dye N719 

[cis-dithiocyanate-N,N'-bis-(4-carboxylate-4'-tetrabutylamonium-carboxylate-2,2'-ipy

ridine) ruthenium(II)] at room temperature for 12h. Liquid-junction solar cells were 

prepared by infiltrating the dye-coated TiO2 electrode with redox electrolyte 

containing 0.1 mol·L-1lithium iodide anhydrous, 0.1 mol·L-1 iodine, 0.6mol·L-1 1, 

2-dimethyl-3-propylimidazolium iodide, 0.5 mol·L-1 4-tertbutylpyridine in acetonitrile. 

The effective cell area was 0.25 cm2.  

 

Characterization: 

The particle morphology of undoped and N,B codoped electrodes microstructure were 

observed using a field emission scanning electron microscope (FE-SEM, sirion200, 

FEI Corp., Holland). Crystallite sizes, phases, and shapes were observed with 

transmission electron microscopy (TEM) and high-resolution transmission electron 

microscopy (HRTEM) (TEM, JEOL-2010,Japan). The crystallinity of undoped and 

N,B codoped films were determined using X-ray diffraction analysis (XRD, TTR-III, 
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Rigaku Corp., Japan) measurement with Cu Kα (λ=0.1541 nm). The crystallite size D 

was calculated by the Sherrer equation. The photocurrent density-photovoltage (J-V) 

characteristics of DSCs with an active area of 0.25 cm2 were measured under an 

illumination of AM 1.5 (100 mW cm-2) which was realized on a solar simulator (Oriel 

Sol 3A, USA) with a Keithley 2420 source meter(Keithley, USA), calibrated with a 

NREL-certified silicon solar cell. The UV-vis spectrum was performed on a UV-vis 

spectrophotometer (TU-1901, PGeneral Instrument Inc., China). The flatband 

potential (Vfb) of the nanostructure TiO2 electrode was performed by measuring 

absorbance at 780 nm as a function of the applied potential.S2 For spectroscopic 

electrochemistry measurement, 4 μm-thick TiO2 film formed the working electrode 

(2cm2 surface area) of a three-electrode photoelectrochemical cell employing a 

platinum wire counter electrode and an Ag/AgCl reference electrode. Potential control 

was carried out on a CHI 660A potentiostat, and the applied potential being scanned 

at 5 mV/s. A 780 nm monochromatic light source was obtained from UV-Vis 

spectrophotometer (TU-1901, PGeneral Instrument Inc., China). The 

incident-phototo-current efficiency (IPCE) of the DSC was measured using a 300W 

Xe lamp light source with monochromatic light (Oriel Instrument, USA). For each 

determination of Vfb, a new working electrode and freshly prepared electrolyte 

solution were used. Impedance measurements were carried out with an IM6ex 

electrochemical workstation (Zahner-Elektrick, Germany) in the frequency range of 

10 mHz-1000kHz at room temperature. The working electrode was a dyed TiO2 

electrode of DSC, and the auxiliary electrode and the reference electrode were a 
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platinized counter electrode of DSC. The amplitude of the alternative signal was 5mV. 
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Fig.S.1. FE-SEM and HRTEM micrographs of the undoped and N,B codoped titania 
films. (a), (c), (e) undoped titania films; (b), (d) , (f) N,B codoped titania films. 
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Fig.S.2. N 1s, B1s XPS spectrum of N,B codoped titania powder, showing that the 
binding energy of the N 1s, B1s peak centered at 399.8eV, 191.8ev eV, respectively. 
(0.43 at.% N, 0.51 at.% B)  
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Table S.1 Performances of the solar cells based on undoped and N,B codoped TiO2 
electrodes. 
 

 
 
 
 
 
 

Table S.2. Properties of the undoped and N,B codoped TiO2 in the DSCs 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

L/μm  DSC  Voc 
[mV] 

Jsc 
 
[mA/cm2] 

FF  
[%] 

η  
[%] 

13.4  
(undoped) 
13.0 
(N,B codoped-1) 
12.8 
(N,B codoped-2)  

undoped 
 
N,B codoped-1 
 
N,B codoped-2 

771 
 
823 
 
792 

14.04 
 
13.76 
 
14.67 

74 
 
74 
 
70 

8.0 
 
8.4 
 
8.1 

Type of pastes Crystallite size (nm) BET 
Surface area(m2/g) 

undoped 
 
N,B codoped-1 
 
N,B codoped-2 

  15.3 
  

17.5 
 
17.1 

82.4 
 
74.6 
 
76.6 
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 Fig. S.3. N2 sorption curve of undoped and N,B codoped mesoporous TiO2 powder 
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Fig.S.4. Action spectra of the dye-sensitized solar cells based on undoped and N,B 
codoped TiO2 electrodes(0.43 at.% N, 0.51 at.% B ). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary material (ESI) for Journal of Materials Chemistry 
This journal is © The Royal Society of Chemistry 2011 
 
 

 
Fig.S.5. Schematic energy diagram for DSCs based on N719 as the photosensitizer, 
undoped TiO2 electrode/N,B codoped TiO2 electrode, and the I-/I3

- redox electrolyte.  
 

2

1

0

-1

-2

'fbE

fbE

e−

e−

3/I I− −

Voc

HOMO 

C.B.

TiO2

LUMO

0.4 V

V'oc

N719

Recombination

Potential/V vs.NHE



<<
  /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


