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Figure S1. Top view Scanning Electron Microscopy (SEM) image of the TiO2 NRs film 

(scale bar 500nm). In the inset a magnification of the image (scale bar 200nm). It is possible 

to observe that there TiO2 layer is formed by disordered assembly of NRs. The irregular shape 

and surface defects of anatase TiO2 NRs do not favour neither later nor vertical allignement 

upon the deposition onto a surface.    
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Figure S2. FT-IR spectrum of as-synthesized TiO2 NRs  and of post-deposition UV-treated 

TiO2 NRs  on the silica substrate (the spectra have been normalied to the TiO2 transmittance 

at 754 cm
-1

). The IR spectrum of the untreated film displays characteristic narrow absorption 

bands at 2930 and 2850 cm
-1

, which correspond to the antisymmetric and symmetric C–H 

stretching vibrations, respectively, of the –CH2– moieties of the hydrocarbon chains.
1,2

 It can 

be noted that after UV irradiation the bands relative to the OLAC ligands are no longer 

observable, thus confirming that the removal of the carboxylic ligands from the TiO2 surface 

has actually occurred. The broad absorption centred at ca. 3400 cm
-1

 of the irradiated film can 

be ascribed to the stretching vibrations of O–H groups associated with water adsorbed both 

molecularly and dissociatively (terminal Ti–O–H moieties), which originates from UV-driven 

surface reaction and reconstruction processes in the presence of atmospheric water. 
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Figure S3. FT-IR spectrum of as-synthesized PbS QDs and of post-deposition MPA-treated 

PbS QDs  on the silica substrate (the spectra have been normalied to the PbS transmittance at 

614 cm
-1

). The IR spectrum of the untreated film displays the aliphatic groups in the region of 

the C-H stretch around 2900 cm
-1

and the carboxylate stretching vibration around 1650 cm
-1

. 

After the MPA treatament step, the aliphatic group band relative to the OLAC ligands are 

completely suppressed, that is indicative of highly efficient removal of oleic acid from the 

surfaces of the quantum dots. Most notably the carboxilate group band still appears, this is 

because MPA too contains a carboxylate group that is attached to the quantum dot surfaces.  
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Figure S4.  

Current density vs applied bias (J-V) characteristics under AM1.5 G (100 mWcm
-2

) simulated 

solar illumination for the TiO2-NRs/PbS-QDs based solar cell with different active layer 

thicknesses. The best PCE is obtained for a device with TiO2/PbS thicknesses of 

250nm/250nm.   

 

 

Table S1. Summary of Device Performance for different PbS/TiO2 active layer thicknesses. 

 PCE 

(%) 

VOC 

(V) 

FF JSC 

(mA/cm
2
) 

TiO2 (150nm)/PbS (250nm) 0,8 0,27 0,26 11,6 

TiO2 (200nm)/PbS (250nm) 2,2 0,51 0,34 12,5 

TiO2 (250nm)/PbS (250nm) 3,6 0,54 0,39 17,3 

TiO2 (300nm)/PbS (250nm) 3,0 0,53 0,37 15,4 

TiO2 (150nm)/PbS (150nm) 1,8 0,48 0,27 13,8 

TiO2 (200nm)/PbS (150nm) 2,6 0,49 0,37 14,3 

 

The electron mobility of TiO2 NRs film measured by means of electron-only device, i.e. by 

sandwiching the NR thin film between two Al electrodes, gives values of mobility in the order 

of 10
-4

 cm
2
 V

-1
 s

-1
.
3
 Considering that the electron mobility for TiO2 NRs is similar to the 
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mesoporous TiO2, we can assume an electron density of 10
-6

 cm
-3

 for the TiO2 NRs as well. 

According to Sargent at al.
4,5

 the depletion region in PbS/TiO2 device is around 200nm and is 

distributed between the two semiconductors. The thickness of our best device is larger than 

the depletion width, indeed in order to obtain a good light absorption in the bilayer device 

geometry the thickness of the PbS should be increased up to 250 nm, which will lead to 

considerable carrier recombination losses. Form our experiments we can conclude that the 

250 nm/250 nm is the best compromise between light absorption and charge recombination 

losses in the net bi-layer heterostructure. 

 

 

Figure S5. Band positions relative to a Pt/Ir conductive tip for PbS, TiO2 layers and work 

function of ITO. The valence and conduction bands for the Pbs are carried out form the Fermi 

level measurement performed by KPFM. The fermi level of the TiO2 is measured by KPFM. 

The conduction band vlaue of TiO2 was taken from literature.
5,6
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Figure S6. Surface potential images under (a) dark and (b) illumination. (c) Histogram 

distribution of the surface potential under three different conditions: before illumination 

(labeled “dark-1”), under illumination (labeled “light”), and after illumination (labeled “dark-

2”). (d) AFM image of ITO/PbS device. The scan size of images is 2 µm x 2 µm. 
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Figure S7. T/T() dynamics in the first 400 ps time window at selected probe wavelengths 

(see the legend) of (a) PbS QDs on glass substrate and of (b) PbS-QDs/TiO2-NR. 

 

 

 

 

 

 

 

 

 

 

Electronic Supplementary Material (ESI) for Energy & Environmental Science
This journal is © The Royal Society of Chemistry 2013



Supplementary Material (ESI) for Energy & Environmental Science 

This journal is (c) The Royal Society of Chemistry 2011    

Figure S8. IPCE spectrum for the PbS-QDs/TiO2-NR solar cell on PET substrate. 
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