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Supporting Figures 

 

 

Figure S1. Cycle mesurements of abnormal thermo-enhanced UCL of NaGdF4:Yb3+/Eu3+ (20/10 

mol %) LNPs with size of 10 nm. 
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Figure S2. TEM micrographs of the NaGdF4: Yb3+/Eu3+ (20/10 mol %) LNPs with different sizes of 

(a) 15 nm, (b) 20 nm, and (c) 25 nm. 

 

Figure S3. Temperature-dependent UCL emission spectra (λex=980 nm) of the bulk (>50 nm) 

NaGdF4:Yb3+/Eu3+ (20/10 mol %) materials.   

 

 

Figure S4. Schematic diagram of surface quenching based on the Yb3+-mediated energy 

migration. 



 

Figure S5. Schematic showing the influence of working distance on nonradiative energy transfer 

(multipolar interaction) efficiency. S1, S2,S3 

 

 



 

               

Figure S6. Temperature-dependent UCL emission spectra (λex=980 nm) of (a) 10 nm, (b) 15 nm, 

(c) 20 nm, (d) 25 nm, and (e) bulk NaGdF4: Yb3+/Tb3+ (20/10 mol%) samples; (f-i) the 

corresponding TEM micrographs of the a-d samples. (j) Line chart of the integrated intensity ratio  

for the 5D4→7F5 transition (I423K/I303K) against the nanocrystal size.                        

 



                    

 

 



 

 

Figure S7. Temperature-dependent UCL emission spectra (λex=980 nm) of (a) 10 nm, (b) 15 nm, 

(c) 20 nm, (d) 25 nm, and (e) bulk NaGdF4:Yb3+/Er3+ (20/0.5 mol%) samples; (f-i) the 

corresponding TEM micrographs of the a-d samples. (j) Line chart of the integrated intensity  

ratio for the 2H11/2→4I15/2 transition (I393K/I303K) against the nanocrystal size. 

 

 



 

 

 



 

Figure S8. Temperature-dependent UCL emission spectra (λex=980 nm) of (a) 10 nm, (b) 15 nm, 

(c) 20 nm, (d) 25 nm, and (e) bulk NaGdF4:Yb3+/Tm3+ (20/0.2 mol%) samples; (f-i) the 

corresponding TEM micrograph of the a-d samples. (j) Line chart of the integrated intensity  

ratio for the 3H4→3H6 transition (I423K/I303K) against the nanocrystal size. 

 

 

 

 

 

 

Figure S9. Plot of the intensity enhancement ratio of 5D0→7F2 transition (I423K/I303K) against 

Yb3+ doping concentration for the NaGdF4:xYb3+/10Eu3+ (x=10, 15, 20, 25, 30 mol%) LNPs 

with size of 10 nm. 

 

 



  

 

Figure S10. Temperature-dependent UCL emission spectra (λex=980 nm) of core-shell 

NaGdF4:Yb3+/Eu3+@NaYF4 LNPs with the core size of 10 nm (a); and the corresponding TEM 

micrographs (b).   
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