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Figure S1. (a) The digital images of CsCu2Cl3, Cs3Cu2Cl5, CsCu2Br3, Cs3Cu2Br5, CsCu2I3 and Cs3Cu2I5 dissolved into DMF. Insets 

(below the images) demonstrate the corresponding PL emission on paper substrate. (b) CIE 1931 chromaticity plot of the six lead-

free halides perovskite.  
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Figure S2. XPS spectra of CsCu2Cl3 powders. 

 

Figure S3. XPS spectra of CsCu2Br3 powders. 



 

 

 

Figure S4. XPS spectra of CsCu2I3 powders. 

 

 

Figure S5. XPS spectra of Cs3Cu2Cl5 powders. 

 



 

 

 

Figure S6. XPS spectra of Cs3Cu2Br5 powders. 

 

Figure S7. XPS spectra of Cs3Cu2I5 powders. 

 

 

 

 

 

 

 



 

 

 

 
Figure S8. SEM images (top) of CsCu2Cl3 thin film on paper, the scale bar is 500 nm. The colors reflect different 

material content in pvs. The element EDS results summarized also in the Table below obtained for the corresponding 

perovskite films on paper. 

 

 

 

 

 

 

Figure S9. SEM image (top on the left) of CsCu2Br3 thin film on paper, the scale bar is 500 nm. The element 
EDS results of the corresponding perovskite films on paper. 
 



 

 

 
 

 
Figure S10. SEM image (top on the left) of CsCu2I3 thin film on paper, the scale bar is 500 nm. The element 
EDS results summarized also in the Table below obtained for the corresponding perovskite films on paper. 
 
 
 
 
 

 
Figure S11. SEM image (top on the left) of Cs3Cu2Cl5 thin film on paper, the scale bar is 500 nm. The element 
EDS results summarized also in the Table below obtained for the corresponding perovskite films on paper. 
 



 

 

 

Figure S12. SEM image (top on the left) of Cs3Cu2Br5 thin film on paper, the scale bar is 500 nm. The element 
EDS results summarized also in the Table below obtained for the corresponding perovskite films on paper. 

 
 
 
 
 
 

 
 
 
 

 
Figure S13. SEM image (top on the left) of Cs3Cu2I5 thin film on paper, the scale bar is 500 nm. The element 
EDS results summarized also in the Table below obtained for the corresponding perovskite films on paper. 



 

 

 
 

 
Figure S14. Morphology and shape evolution of the as-prepared CsCu2X3 and Cs3Cu2X5 NCs synthesized with different 

reaction time. 2h and 4h; (a) and (b) for CsCu2Cl3, (c) and (d) for Cs3Cu2Cl5, (e) and (f) for CsCu2Br3, (g) and (h) for 

Cs3Cu2Br5, (i) and (j) for CsCu2I3, (k) and (l) for Cs3Cu2I5, respectively 

 

 

Figure S15. TEM images of (a) CsCu2Cl3 (b) Cs3Cu2Cl5 (c)CsCu2Br3 (d) Cs3Cu2Br5 (e) CsCu2I3 (f) Cs3Cu2I5 obtained 

for the case of 6h reaction time. 



 

 

 
Figure S16. UV/Vis absorption spectra of (a) CsCu2Cl3 and Cs3Cu2Cl5, (b) CsCu2Br3 and Cs3Cu2Br5, (c) CsCu2I3 and Cs3Cu2I5 

crystals. 


