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1.  

The size distribution histogram was obtained by counting 200 particles in the TEM images and the 

calculated average diameter was 3.14 nm: 

 

Figure S1 Size distribution histogram of QDs 

2.  

The LUMO level of QDs were calculated as the follow equations1: ܧொ஽,௩௔௖ = ௞∙௣ܧ + ൬1 − ଵఌೂವ൰ ௘మଶோ + ߯௕௨௟௞                   (1) 

EQD,vac is the energy level relative to vacuum, Ek·p is the energy level from the k·P calculation 

(with the zero of energy taken as the conduction band edge of the bulk crystal), εQD is the 

dielectric constant of the QD, R is the radius of the QD, and χbulk is the electron affinity of the bulk 

semiconductor. 

 

Table S1 Relation between diameters and LUMO levels of PbS QDs.a  

 Diameter(nm) LUMO(ev) 

1 2.9 -3.5 

2 3.4 -3.7 

3 4.0 -3.9 

4 4.8 -4.0 

5 5.7 -4.1 

6 6.6 -4.2 
aAdapted with permission from ref. 1. Copyright (2008) American Chemical Society. 

 

According to the data from the table and the relations between ܧொ஽,௩௔௖ and R, the fitting equation 

was as: ܧ௅௎ெை = −4.7393 + ଷ.ହଷହ଺஽                             (2) 

Then, by calculation, the QDs with average diameter of 3.14nm had the LUMO level of -3.61ev. 

3.  

The ligands exchange process was conducted on the films. After the ligands exchange, we could 

see from the color of the films that there is no change in the color. Moreover, to replace the oleic 

acids, the sensitized film was immersed into tetrabutylammonium iodide (TBAI) methanol 
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solution for 2 hours. After that, the solution remained colorless and clear. Therefore, we could 

conclude that QDs population was not lost during the ligands exchange. 

 

Figure S2 Photographs of films.  

From left to right: (a) unsensitized bare TiO2 film, (b) sensitized film before ligands exchange, 

(c) sensitized film after ligands exchange. 

The SEM images of the films before and after ligands exchange was also obtained and the 

scale bar is 100nm. There was no obvious difference and that might originate from that QDs 

were too small for this scale bar. 

   

Figure S3 SEM images of the films (a) before and (b) after ligands exchange. 

4.  

By employing the model and equation William W. Yu suggested2, we could get the atomic 

component and percentage for our 3.14nm QDs. The number of sulfur atom could be calculated 

from the follow equation: nௌ = రయగ(ವమିௗೞ೓೐೗೗)యఘು್ೄேಲெು್ೄ                               (3) 

D=3.1nm; dshell=0.294nm; ߩ௉௕ௌ=7.5g/cm3,MPbS=239.26g/mol 

Using the Pb:S ratio of 1.5:1, then the 3.14nm PbS QDs consist of Pb246S164I82. So the atomic 

percentage of Pb, S, I was 50%, 33.3%, and 16.7%. The result was consistent with the XPS results. 

So our QDs was consistent with the model William W. Yu suggested in which QDs was composed 

of a PbSe core and a Pb-terminated surface shell. 
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