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In this supplement, the effect of NaCl content (Fig. S1), PAAs（Mw~2100） (Fig. S2) and the combination of PAA/NaCl (Fig. S3) 

on the synthesis of NaYF4 NCs, the effect of PAAs content on the luminescence of the UCNPs (Fig. S4), and the LC-MS/MS 

analysis result for the UCNPs-transferrin conjugates (Fig. S5) are presented. 
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Fig. S1 Effect of NaCl on the synthesis of NaYF4:Yb,Er UCNPs. (a-d): TEM images of the NaYF4:Yb,Er UCNPs prepared by 
using 0, 1.2, 3.6, 7.2 mmol NaCl, respectively; (e): corresponding XRD patterns. Other experimental conditions: PAAs (Mw 
5100), 0.5 g; RECl3, 1.2 mmol; NH4F, 5 mmol; 200 ºC for 12 h. 
 
 

  

Fig. S2 (a-c): Typical TEM images of the NaYF4:Yb,Er UCNPs prepared by using 0.4, 0.6, 0.8 g PAAs with Mw 2100; (d): 
TEM image of the NaYF4:Yb,Er UCNPs prepared by using 0.38 g PAA (Mw 1800). (e): XRD patterns corresponding to the 
UCNPs shown in image (a-c). Other experimental conditions: RECl3, 1.2 mmol; NaCl, 2.4 mmol; NH4F, 5 mmol; 200 ºC for 12 
h. 
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Fig. S3 XRD patterns of the UCNPs obtained in the presence of PAA (Mw 1800) with different NaCl content. Other 
experimental conditions: RECl3, 1.2 mmol; PAA, 0.38 g; NH4F, 5 mmol; 200 ºC for 12 h. 
 
 

 
Fig. S4 Effect of PAAs content on the UC luminescence of the as-synthesized NaYF4:Yb,Er UCNPs. 
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Fig. S5 LC-MS/MS analysis result for the β-NaYF4:Yb,Er-transferrin conjugates 
 

LC-MS/MS analysis was carried out to test whether the transferrin was successfully conjugated with the β-NaYF4:Yb,Er 
UCNPs. After the crosslinking procedures stated in the Experimental Section, the products were purified by centrifugation and 
then treated with trypsin in 50 mM NH4HCO3 solution at 37 °C overnight to conduct the protein hydrolysis. Finally, the UCNPs 
were discarded through centrifugation and the supernatant was analyzed on an ESI-Q-TOF LC-MS/MS instrument (Bruker, 
Germany). All Mass data were submitted to Mascot Searching Engine (www.matrixscience.com) to identify the matched proteins 
from primary sequence databases. 

The searching result was shown in Fig. S5 and one could see that several unique peptides which specifically belong to 
transferrin were detected and identified, clearly indicating the successful conjugation between the UCNPs and the transferrin. 
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