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Abstract: The conduction band minimum and valence band maximum of colloidal PbS quantum dots with different
sizes (2.6-4.5 nm) and different surface ligands (oleic acid or tetrabutylammonium iodide, TBAI) were determined by
cyclic voltammetry and absorption measurements. Furthermore, the effect of quantum dot sizes on the performance of
PbS quantum dots/TiO, heterojunction solar cells prepared in air was also studied. The results show that energy level

structures of PbS quantum dots strongly depend on the size and ligand on the surface. As the quantum dot size in-

creases from 2.6 nm to 4.5 nm, the conduction band minimum of pristine PbS quantum dots with oleic acid ligands
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decreases from —3.67 €V to —4.0 eV, while their valence band maximum increases from —5.19 eV to —4.97 e¢V. How-

ever, for PbS quantum dots passivated by TBAI ligands, their conduction band minimum and valence band maxi-

mum change from —4.15eV and —5.61 eV to —4.51eV and —5.46 eV, respectively. Devices made of the PbS quantum

dots with size of 3.9 nm show the highest power conversion efficiency of 2.32%, which can be ascribed to their proper

bandgap, crystal quality and favorable energy-level alignment at the PbS quantum dot /TiO, interface.
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Fig. 1

Absorption spectra and morphology of PbS QDs

(a) Absorption spectra of PbS QDs with different sizes; (b) Absorption spectra of PbS QD-films after TBAI ligand exchange; (c) TEM image of colloidal PbS
QDs with average size of 4.5 nm; (d) Size distribution of PbS QDs with an average size of 4.5 nm measured by dynamic light scattering
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Fig. 2 (a) FT-IR spectra of PbS QDs film before and after

TBAI ligand-exchange, and (b) XPS spectrum (I3d) of the
TBAI-exchanged PbS QDs
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Fig. 4 (a) Cyclic voltammetry curve of ferrocene in acetonitrile solution, (b) Cyclic voltammetry curves of 3.9 nm PbS QDs
capped by OA and TBAI; The energy level diagrams of (c) as-synthesized PbS QDs with OA ligands and (d) PbS QDs after
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