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Figure S1. UV-Vis absorption spectrum of UCNPs dispersed in Hexane. Inset is enlarged 

view of the absorbance in the wavelength of 500-1100 nm. 

 

 

 

Figure S2. SEM image of cross-section of UCNPs nanoparticles deposited on dye (N719) 

sensitized TiO2 film. 
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Figure S3. UV-Vis absorption Spectra of N719 on TiO2 (transparent film type 1) with and 

without UCNPs.  

 

 

 

Figure S4. IV-curves of standard solar cell (left figure) and with the addition of UCNPs (right 

figure) under the illumination of a 980 nm laser with different power (Black line: 0.25 W; Red 

line: 0.5 W; Green line: 1 W and Blue line: 2 W)  
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Figure S5. The fluorescence spectra of the UCNPs (0.02 M in hexane) under 800nm laser. 

The peaks are marked with the energy transitions from the Er
3+

 emission.  

 

 

 

 

Figure S6. Dependence of the intensity of UC PL peaks at 520, 540 and 650 nm on the power 

density of excitation at 980 nm (a) and 798 nm (b) for UCNPs. 
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Figure S7. Mechanisms of upconversion emissions in the UCNPs 
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Figure S8. Histogram of (a) Jsc, (c) Voc, (e) FF and (g) efficiency of 28 samples without the 

use of UCNPs. Histogram of (b) Jsc, (d) Voc, (f) FF and (h) efficiency of 30 samples with the 

use of UCNPs for the preparation of 30 min.  

 


