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Figures 

 

 

Fig. S1 Surface modification of UCNPs a DLS size distrubution, b, c TEM images at 

different magnifications, and d fluorescence emission spectra of silica coated UCNPs. 

e Zeta potential of silica-coated and carboxyl-modified UCNPs. f FTIR spectra of 

UCNPs before and after surface modification 
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Fig. S2 Single color UCNPs encoded microbeads synthesis. a, b Bright field and c, d 

corresponding fluorescence microscopy images of microbeads encoded with silica-

coated (Panel 1), and carboxyl-modified NaYF4:50%Yb1%Er UCNPs (Panel 2). e 

Relationship between fluorescence intensity and concentration of carboxyl-modified 

NaYF4:50%Yb1%Er UCNPs in water upon excitation under 980 nm NIR laser, and f 

their corresponding normalized fluorescence intensity 
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Fig. S3 Surface modification of UCNPs encoded microbeads. a Standard curve for 

BCG assay to quantify carboxyl groups on the microbeads surface (absorbance taken 

at 562 nm) b, c Bright-field and d, e corresponding fluorescence microscopy images 

showing UCNPs encapsulated inside the microbeads and f, g Alexa Fluor 647 labelled 

antibody to check the functionality of surface modified UCNPs encoded microbeads 

(at 40x magnification). Physical stability of surface modified UCNPs encoded 

microbeads. Bright-field and fluorescence microscopy images of h, i original 

microbeads without any treatment, j, k after subjecting to centrifugation, and l, m at the 

end of stirring experiments. n Normalized intensity of microbeads at different time 

points of stirring in accordance to assay conditions (n = 20 microbeads) 
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Fig. S4 Reporter antibody conjugated NaYF4:30%Yb0.5%Tm UCNPs. a DLS showing 

average hydrodynamic diameter of NaYF4:30%Yb0.5%Tm UCNPs conjugated to 

reporter antibody. b Absorbance spectrum of UCNPs, pure antibody and UCNPs 

conjugated antibody. c Emission fluorescence spectra of NaYF4:30%Yb0.5%Tm 

UCNPs conjugated to reporter antibody in water and control (water only), under NIR 

laser excitation at 980 nm 
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