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S1. The X-ray powder diffraction (XRD) analysis of the samples was performed 

on a Shimadzu XRD-6000 equipped with a Cu Kα radiation (λ = 1.54178 Å). 

All the peaks in the XRD pattern (Figure S1) could be clearly indexed to 

pure-phase cubic NaYF4 nanocrystals as reported in the JCPDS card (NO. 

77-2042, a = 5.470 Å). 

 

Figure S1 XRD patterns of the PVP/NaYF4:Yb,Er nanocrystals. 
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S2. Fourier transform infrared (FT-IR) spectra were measured using a Bio-rad 

FTS 156 spectrometer. In the FT-IR spectrum of the PVP stabilized nanocrystals 

(Figure S2), the broad absorption band located at 3300 cm-1 could be assigned to 

-OH groups from the absorbed water. The characteristic IR peaks located at 

1640 cm-1 could be assigned to the C=O stretching, indicating the presence of 

PVP on the surface of the nanocrystals.[1, 2] The IR peaks at 2960~2886 cm-1 and 

1388 cm-1 corresponding to the stretching and bending of -CH2 groups, and the 

double peaks at 1083~1042 cm-1 corresponding to the C-N stretching, 

confirmed the existence of PVP on the nanocrystals. It was reported that the IR 

absorption peaks of PVP show a small red-shift when the C=O groups are 

bonded to metal ions.[1, 2] The IR absorption peaks assigned to the C=O groups 

of PVP/NaYF4 nanocrystals red-shifted compared to that of pure PVP, 

indicating that the PVP was adsorbed onto the nanocrystals as a ligand 

coordinating with lanthanide ions. The IR peaks of the PVP were still observed 

even after the nanocrystals were washed with ethanol for many times, 

suggesting a strong binding between the PVP and the nanocrystal. 

 

Figure S2 FT-IR spectrum of the PVP/NaYF4:Yb,Er nanocrystals. 

 

 

 



S3. The fluorescence spectra of the PVP/NaYF4:Yb,Er nanocrystals before and 

after silica coating are given in Figure S3. It was found that the spectra of the 

nanocrystals before and after silica coating looked very similar although the 

peak fluorescence intensity droped a little bit after silica coating. The same was 

observed for the PVP/NaYF4:Yb,Tm nanocrystals. The photo-stability of silica 

coated PVP/NaYF4:Yb,Er nanocrystals was tested by measuring the 

fluorescence intensity of the nanocrystals in water over time and pH. The 

fluorescence intensity remained high over a period of 7 days without any 

obvious drop in the intensity, and the same was observed when the pH was 

changed, suggesting that the nanocrystals are quite stable in water. This makes 

them a very suitable fluorescent labeling material to be used for 

bio-applications. 



 

Figure S3 Fluorescence spectra of NaYF4:Yb,Er nanocrystals before (dot line) 

and after (solid line) silica coating (A) and fluorescence intensity of the silica 

coated nanocrystals in water as a function of time (B) and pH (C). 
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