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Fig. S1 The magnified XRD patterns of Core, C@S1, C@SIl@S2 and
C@S1@S2@S3 nanoparticles.
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Fig. S2 Size distribution of Core, C@S1, C@S1@S2 and C@S1@S2@S3

nanoparticles.

Fig. S3 A) High-resolution SEM image and B) HAADF-STEM image of
C@S1@S2@S3 UCNPs.
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Fig. S4 The absorption spectrum of C@S1@S2 UCNPs.
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Fig. S5 The Yb** concentration-dependent UCL spectra of C@S1@S2 UCNPs under
980 nm excitation.
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Fig. S6 A) UCL spectrum of C@S1@S2@S3 UCNPs excited with a series of 808 nm
pump power, B) log—log plot of the UCL intensities of C@S1@S2@S3 UCNPs
peaked at 653 nm as a function of 808 nm pump power.
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Fig. S7 A) XRD pattern of NaYbF;:18%Yb**, 2%Er** without and with 30% Mn?*
doped. B) The expanded spectrum of Mn 2p obtained from the C@S1@S2 UCNPs.
The Mn 2p,; and 2ps,; signals are located at 654.3 and 638.8 eV, respectively.
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Fig. S8 TEM image of A) a-NaLuF;:Mn?"/Yb**(18%)/Er’*, B) o-
NaLuF4:Mn?"/Yb3*(18%)/Er¥*@NaLuF4:Mn?"/Yb3", 0) o-
NaLuF4;:Mn?"/Yb3*(18%)/Er¥*@NaLuF4Mn>"/Yb3**@NaNdF,:Yb** and D) XRD
pattern of (C). TEM image of E) o-NaLuF4;Mn>"/Yb3*(48%)/Er**, F) o-
NaLuF4:Mn?"/Yb3*(48%)/Er¥*@NaLuF4:Mn?"/Yb3", G) o-
NaLuF4;:Mn?"/Yb3*(48%)/Er¥*@NaLuF4Mn?"/Yb3* @NaNdF,:Yb*" and H) the XRD
pattern of (G).



a-NaYbF :Mn”"/Er” @NaNdF : Yb™"
— C@S1@S2
— C@S1@S2@S3
-~
=
«
N’
g
W
=
s
=
(Sl
500 550 600 650 700

Wavelength (nm)

Fig. S9 The UCL spectra of a-NaYbF4;:Mn?"/Er’*@NaNdF,:Yb*", C@S1@S2 and
C@S1@S2@S3 under 980 nm excitation.
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Fig. S10 FTIR spectra of C@S1@S2@S3@OA and C@S1@S2@S3@PEG.



