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Figure S1. Typical XRD patterns of (a) NaErF4 (standard JCPDS File No. 27-0689), (b) C-NPs, 

and (c) CS-Yb NPs.
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Figure S2. TEM micrographs of (a) C-NPs (scale bar 50 nm), (b) CS-Yb-NPs (scale bar 200 nm) 

and (c) CS-Yb-sil-NPs (scale bar 50 nm).

Figure S3. EDX spectra of (a) CS-Y-NPs and (b) CS-Yb-NPs.
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Figure S4. Representative IR spectra of (a) folic acid, (b) CS-Yb-Si-NH2 and (c) CS-Yb-Si-

NH2-FA UCNPs.
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Table S1. Assignments of different absorption peaks obtained in the IR spectra of amine coated 

(CS-Yb-Si-NH2) and folic coated (CS-Yb-Si-NH2-FA) upconversion nanoparticles.
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S. 

No.

Folic acid (cm-1) Amine coated 

UCNPs (cm-1)

Folic acid coated 

UCNPs (cm-1)

Assignment of 

peaks 

References

1 3545 - 3537 O-H stretch [1], [2]

2 3417 - - O-H stretch [3]

3 3324 3250 3230 N-H stretch [2]

4 2921 2930 2924 C-H stretch [1]

5 1690 - 1681, 1690 C=O stretch from -

COOH (FA) or 

C=O for amide I

[2]

6 1600 - 1610 C=C phenyl 

stretch

[4]

7 1516 1550 1521 N-H bend (amide 

II)

[2]

8 1480 - 1475 C-C aromatic 

stretch

[4]

9 1450 1455 1455 C-H bend [4]

10 - 1055 1055 Si-O-Si stretch [1], [3]

11 - 950 960 Si-OH stretch [3]
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Figure S5. Representative UV-VIS spectrum of CS-Yb-Si-NH2-FA UCNPs. Inset: Absorption 

spectrum of pure folic acid for comparison.

This absorption peak obtained from folic acid is found to be at 280 nm in figure S5, which is 

matching with the reference [1] mentioned above. UV-VIS spectrum of CS-Yb-Si-NH2-FA 

UCNPs shows the similar peak confirming conjugation of folic acid over UCNPs particles.
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Figure S6. Dynamic light scattering measurement of CS-Yb-Si-FA UCNPs in water: 

hydrodynamic radius = 335 nm.

Figure S7. Upconversion spectra of CS-Yb-NPs for different amounts of Yb under 980 nm 

excitation (2W).


