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Fig. S1 Upconversion luminescence spectra of UCNP and CS-UCNP. Inset shows the 

fluorescent pictures of UCNP (a) and CS-UCNP (b) in cyclohexane under 980 nm 

NIR excitation.
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Fig. S2 The X-ray diffraction (XRD) (A) and small-angle X-ray diffraction (SAXRD) 

(B) patterns of the prepared nanoparticles CS-UCNP@mSiO2 (a), CS-

UCNP@mSiO2-RBH (b) and standard pure hexagonal NaYF4 (JCPDS no.16-0334).
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Fig. S3. FTIR spectra of CS-UCNP (a), CS-UCNP@mSiO2 (b), CS-UCNP@mSiO2-

RBH(c).
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Fig. S4. TG curves of CS-UCNP@mSiO2 (red curve), CS-UCNP@mSiO2-RBH 

(black curve).
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Fig. S5. Optimized Cu2+ complexes obtained at the B3LYP/[LANL2DZ-ECP/6-

31G(d,p)] level of theory.
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Equation y = a + b*x

Weight No Weighting

Residual Sum 
of Squares

2.96962E-4

Pearson's r 0.99842
Adj. R-Square 0.99655

Value Standard Error
B Intercept -0.01825 0.00446
B Slope 0.00229 3.89233E-5

y=0.0023x-0.0183
R2=0.9968
S0=0.00196
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Equation y = a + b*x

Weight No Weighting

Residual Sum 
of Squares

407.14833

Pearson's r 0.99649
Adj. R-Square 0.99211

Value Standard Erro
F580-F0 Intercept 38.54741 5.60532
F580-F0 Slope 1.37164 0.04076
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Fig. S6. (A) The absorption intensity at 557 nm of CS-UCNP@mSiO2-RBH as a 

function of Cu2+ concentrations (60-170 μM). (B) The relative fluorescence intensity 

at 580 nm of CS-UCNP@mSiO2-RBH as a function of Cu2+ concentrations (40-212 

μM).
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Fig. S7. The absorbance intensity of CS-UCNP@mSiO2-RBH in the presence of 

various cations (0.1 M). The black bars represent the absorbance intensity of CS-

UCNP@mSiO2-RBH in the presence of various other metal ions. The red bars 

represent the change of the absorbance upon the subsequent addition of equivalent 

Cu2+ to the solution.
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Fig. S8. Percentage of viable HeLa cells after treatment with indicated concentrations 

of probe CS-UCNP@mSiO2-RBH.


