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Figure S1. AFM images of films surface (scan size 2 m  2m) for various deposited oxygen 

gas pressures, (a) 80 mTorr, (b) 100 mTorr, (c) 150 mTorr. 

 

Figure S2. XRD patterns of ZnO films on ITO/glass substrate. ITO peaks are marked by black 

diamonds and ZnO peaks are identified by their Miller indices. 
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Figure S3. Energy levels with respect to vacuum for ZnO film deposited under different 

oxygen pressures, and PbS-TBAI film. The Fermi levels (EF, dashed line) and valence band 

edges (EV, blue lines) were determined by UPS. The conduction band edges (EC, red lines) were 

calculated by adding the optical bandgap energy of 3.25 eV, 3.25 eV and 3.27 eV, respectively 

as determined from the first exciton absorption peak in the ZnO absorption spectrum to EV. 

 

Detailed PbS QD Synthesis.  

     PbS quantum dots were synthesized following a modified version of the procedure from 

Hines et al.1 Briefly, lead (II) oxide (0.450 g, 2 mmol), oleic acid (1.13 g, 4 mmol), and 

octadecene (14.0 g) were combined in a 50-mL, three-neck round bottom flask and stirred under 

vacuum at 100 °C for one hour (flask 1). Simultaneously, hexamethyldisilathiane (TMS) (0.211 

mL, 1 mmol) and octadecene (4 g) were combined in a 25 mL, two-neck pear flask and degassed 

(flask 2). The lead mixture (flask 1) was placed under positive nitrogen flow and heated to 100 
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°C. The TMS mixture (flask 2) was injected rapidly into the lead mixture (flask 1) and allowed 

to stir for 1.5 minutes before the QDs were quenched in acetone and left overnight. The QD 

mixture was dispersed in six 15 mL centrifuge tubes and centrifuged (8500 rpm) using acetone 

(three times, 10 min, 10 min, 8 min) and methanol (two times, 8 min and 6 min) as the 

antisolvents. QDs were resuspended in minimal pentane between centrifugation cycles. The yield 

was 550 mg, and the QDs were stored dry until use. PbS QDs absorbed at 896 nm with a 

diameter of 2.9 nm as determined by the sizing curve from Moreels, et al.2, 3  

 

       Figure S4. UV-Vis spectrum of 2.9 nm PbS CQDs. 
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