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Experimental Section

Preparation of Qil-Soluble CdSe QDs. Oil-soluble oleylamine (OAm) capped CdSe
QDs with average size in the range of 3.2-5.4 nm and corresponding first excitonic absorption
peak at A = 563 — 618 nm were prepared according to a literature method." Briefly, 10.0 mL of
OAm and 0.5 mL of 2.1 M Se stock solution in trioctylphosphine (TOP) were heated to 300
°C under nitrogen atmosphere with stirring. 2.5 mL of 0.4 M Cd stock solution (prepared by
dissolving CdO in oleic acid and ODE (v/v, 1:1) at 250 °C) was injected into the reaction flask.
The temperature was then set at 280 °C for the subsequent growth and annealing of
nanocrystals. After completion of particle growth, the obtained CdSe QDs were precipitated
by adding methanol into the toluene solution and further isolated and purified by repeated
centrifugation and decantation with addition of methanol and chloroform. The optical spectra
(absorption and PL emission spectra) and the TEM images of the obtained CdSe QDs were
shown in Fig. S1. The relative standard deviations of the obtained CdSe QDs are in the range

of 4-6% based on the statistical analysis of more than 200 particles.

Preparation of Water-Soluble MPA-Capped CdSe QDs via Ligand Exchange. The
water solubilization of the as-prepared oil-soluble OAm-capped CdSe QDs was achieved by
replacing the initial hydrophobic surfactants (mainly OAm) with MPA according to literature
method.” Typically, MPA (0.123 g, 0.4 mmol) was dissolved in 0.3 mL of deionized water
together with 1.0 mL methanol, the solution was then adjusted to pH 12 with 40% NaOH. The
MPA-methanol solution was then added into 5.0 mL CdSe QDs chloroform solution
(containing 0.2 mmol CdSe) and stirred for 30 min to get the precipitation of the QDs. Then
10.0 mL water was added into the mixture and kept the stirring for another 20 min. The
solution was separated into two phases finally and the CdSe QDs was transferred into the
superincumbent water from the underlying chloroform, the underlying organic phase was
discarded and the aqueous phase containing the QDs was collected. The free MPA ligand in
the QDs aqueous solution was isolated by precipitating the QDs with addition of acetone. The
supernatant was discarded and the pellet was then re-dissolved in water for the next step use.
The optical spectra of the water-soluble MPA-capped QDs obtained via water-soluble ligand

exchange were shown in Fig. Slc.
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Fabrication of QD-Sensitized Photoanodes and Solar Cells. TiO, Nanoparticulate
electrodes were prepared by successive screen printing a 11.0-um-thick transparent layer
(home-made P25 paste) and a 4.0-um-thick light scattering layer (200-400-nm TiO,) over
F:SnO;-coated (FTO, 14 Q/square) glass substrates, followed by sintered at 450 -C for 30 min
in a muffle-type furnace. A post-treatment of the dried TiO, film with an aqueous solution of
TiCl, were then carried out according to typical procedures for dye cells.” The obtained TiO,
mesoporous films were then coated with QDs sensitizers by immersing the film in an
MPA-QD aqueous dispersion (with absorbance of 3.0 and pH of 11.0) and staying for 2 h
before rinsed sequentially with water and ethanol and then dried with nitrogen. After finishing
deposition, the QD bound TiO; film was coated with ZnS by twice dipping alternately into
0.1 M Zn(OAc), and 0.1 M Na,S solutions for 1 min/dip. After coating ZnS layer, the TiO;
electrode was then subjected for sintering treatment in a muffle-type furnace at a temperature
range of 300 °C for 2.5 min.

The cells were prepared by assembling counter electrodes and QD-sensitized photoanodes
using a 50-pum thickness scotch spacer and with a droplet (10 pL) of polysulfide electrolyte.
The Cu,S counter-electrodes were prepared by immersing brass in HCI solution at 70 °C for 5
min and and subsequently dipping it into polysulfide solution for 10 min. The polysulfide
electrolyte solution consists of 2.0 M Na,S, 2.0 M S, and 0.2 M KCI in methanol/water (3:7,
v/v) solution. For QDSCs prepared under each condition, 3 cells were prepared and tested in

parallel, and the one with the medium value was chosen as the final data.

Photovoltaic performances (J—V curves) of cell devices were recorded on a Keithley 2400
source meter under illumination by an AM 1.5 G solar simulator (Oriel, Model No. 91160,
equipped with a 300 W xenon lamp). The power of the simulated light was calibrated to 100
mW/cm® by a NREL standard Si solar cell. Photoactive area was 0.237 cm’. Incident
photon-to-current conversion efficiency (IPCE) signal was recorded on a Keithley 2000
multimeter under the illumination of a 150 W tungsten lamp with a Spectral Product DK240
monochrometer. Electrochemical impedance spectroscopy (EIS) measurements were
conducted with an impedance analyzer (Zahner, Germany) at -0.5V bias potential and 10 mV

of amplitude over the frequency range of 0.1 Hz to 100 kHz under dark condition.

TEM Images and Optical Spectra. Transition electron microscopy (TEM) were
obtained using a JEOL JEM-2100 instrument with accelerating voltage of 200 kV. The TiO,
films with CdSe QDs sensitizers (~5.0 um thick without scattering layers) were scratched off
the FTO glass and dispersed in ethanol with the help of ultrasonic, from which a few drops

were taken over a TEM grid and dried for TEM images. Scanning electron microscopy (SEM)
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was performed using an FEI Sirion high resolution SEM system equipped with an energy
dispersive spectroscopy (EDS). The absorption spectra of CdSe QDs sensitized electrodes
composed of 11.0- um thick TiO; films with dimension of 2.0x1.0 cm (without scattering
layers) were recorded on a UV-visible spectrophotometer (Shimadzu UV-2450). The steady
state photoluminescence (PL) emission spectra were recorded on a Cary Eclipse (Varian)

fluorescence spectrophotometer.

Calculation of QD coverage on TiO; surface

The QDs density on the film of 1.55 x 10" particle/cm’ of projected area can be
calculated from the measured absorbance (1.42) integrated with the extinction coefficient of
5.4 nm CdSe QDs (taken as 5.5 x 10° M cm™).* Taking the particle as spherical and
monodisperse with a diameter of 5.4 nm, the total surface area covered by the QDs would be
of 355 cm’ on the basis of a closed packed QD monolayer. On the other hand, the
Brunauer-Emmett-Teller surface area of 49.1 m*/g was measured for TiO, paste after sintering
treatment, which is in agreement with literature values.” The density of 2.14 mg/cm® of
projected area was measured for our 11.0 um-TiO, film without scattering layer. Therefore,
the total inner surface area of the film is as large as 1051 cm?/cm” of projected area. Finally,
by dividing the surface area that may be covered by the QDs by the total surface are of the

film, we get a value for the QD fractional coverage equal to 34%
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Normalized absorbance

Fig. S1 UV-vis absorption (a) and PL emission (b, A.x = 400 nm) spectra of as-prepared CdSe
QDs dispersions in toluene with corresponding wide-field TEM images shown below. (c)

UV-vis absorption spectra of MPA-capped CdSe QDs dispersions in water derived from initial
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Fig. S2 UV-vis absorption spectra of different sized CdSe QD sensitized TiO; films after

deposition for 2 h. Inset: photographs of the corresponding films.
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Fig. S3 Wide-field TEM image of: (a) bare TiO, film without the deposition of CdSe QDs,
and (b) CdSe QDs bound TiO; film.
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Fig. S4 Typical EDS spectra of CdSe QD sensitized TiO; film

S7



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

14 b)
12 |
10 |

0.8 |-

Absorbance
Absorbance

0.6 -

T

0.4 ——7r—T—T7—
700 800 4 6 8 10 12

T
500 600
Wavelength (nm) Film thickness (Lm)

Fig. S5 (a) UV-vis absorption spectra of CdSe QDs sensitized TiO, film with different
thickness. (b) Dependence of absorbance at the first excitonic absorption peak position on the

thickness of TiO; film. Inset: photographs of the film taken from the front and back sides.

S8




<<
  /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


