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Figure S1 TEM image of YVO4:Eu3+. Insert shows the high-resolution TEM (HRTEM) image of 
YVO4:Eu3+ (200 crystal plane)

Figure S2 Full range XPS spectra of CDs

Figure S3 the fluorescence spectrum of YVO4:Eu3+. Inset shows the photograph of YVO4:Eu3+ 
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under daylight (left) and a 254 nm UV lamp (right), respectively.

Figure S4 UV-Vis absorption spectra of CDs, YVO4:Eu3+ nanoparticles, and YVO4:Eu3+@CDs

Figure S5 The ζ-potentials of CDs, YVO4:Eu3+, YVO4:Eu3+@CDs 
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Figure S6 the FL spectrum of YVO4:Eu3+ (0.625 μM) with different doping concentration of Eu3+ 

Figure S7 the FL intensity of 617 nm fluorescence peak of YVO4:Eu3+@CDs (0.625 μM) at 
different day
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Figure S8 UV-vis absorption spectra of YVO4:Eu3+@CDs before and after added Cu2+ ions and L-
Cys 

Figure S9 The ζ-potentials of YVO4:Eu3+@CDs (0.625 μM) (a), YVO4:Eu3+@CDs added Cu2+ (b), 
YVO4:Eu3+@CDs added Cu2+ and L-Cys (c). The concentration of Cu2+ ions and L-Cys is 2 μM, 

Figure S10 the fluorescence intensity of YVO4:Eu3+@CDs (0.625 μM) at 617 nm in the presence 
of different ions. The concentration of all ions is 2μM. 
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Figure S11 optimization of the pH for Cu2+ ions detection, where F617 and F405 are the FL 
intensities of YVO4:Eu3+@CDs (0.625 μM) at 617 nm and 405 nm in the presence of Cu2+ ions (2 
μM)

Figure S12 optimization of the time for Cu2+ ions detection with the fluorescence intensity of 
YVO4:Eu3+@CDs (0.625 μM) at 617 nm
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Figure S13 optimization of the concentration of Cu2+. Where F0 and F are the FL intensities of 
YVO4:Eu3+@CDs (0.625 μM) at 617 nm before and after adding Cu2+, respectively.

Figure S14 optimization of the concentration of YVO4:Eu3+@CDs for Cys detection. Where F0 
and F are the FL intensities of YVO4:Eu3+@CDs at 617 nm before and after adding Cys, 
respectively
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Figure S15 Time-dependent PL responses of YVO4:Eu3+@CDs (0.625 μM) upon addition of 
different concentrations of Cys, 10 μM (black line), 4 μM (red line), 2 μM (blue line), 0.1 μM 
(green line). 

 
Figure S16 optimization of the pH for L-Cys detection, where F617 and F405 are the FL intensities 
of YVO4:Eu3+@CDs (0.625 μM) at 617 nm and 405 nm in the presence of Cu2+ ions (2 μM) and 

L-Cys (2 μM)
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Figure S17 Effect of pH on the FL intensity of 617 nm fluorescence peak of YVO4:Eu3+@CDs 
(0.625 μM). 

Figure S18 Effect of the concentration of NaCl on the FL intensity of 617 nm fluorescence peak of 
YVO4:Eu3+@CDs (0.625 μM).
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Figure S19 A) the FL spectrum of YVO4:Eu3+@CDs (0.625 μM) at different concentration of 
GSH. B) Plot of F617/F405 against the concentrations of GSH ranging from 0 to 6 μM (where F617 
and F405 are the FL intensities of YVO4:Eu3+@CDs at 617 and 405 nm, respectively).

Figure S20 A) the FL spectrum of YVO4:Eu3+@CDs (0.625 μM) at different concentration of Hcy. 
B) Plot of F617/F405 against the concentrations of Hcy ranging from 0 to 6 μM (where F617 and F405 
are the FL intensities of YVO4:Eu3+@CDs at 617 and 405 nm, respectively).

Figure S21 Selectivity competition experiments for YVO4:Eu3+@CDs (0.625 μM) toward 
different interferences. All amino acid were at a concentration of 10 μM.
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Table S1 Comparison of different method for Cu2+ ions detection

Analyst method probe
Linear range 

(μM) 
LOD (μM) Refer

electrochemical α-synuclein — 50 μM [1]
electrochemical Cu2+-EDTA chelates 10~1000 μg/L 5.16 nM [2]

colorimetric DNA/Au NPs 0.625~15 0.29 μM [3]
colorimetric Organic phenol probe — 4.33 μM [4]
colorimetric Ag NPs 0.1~10 0.5 μM [5]
fluorescence Ir(III) complexes 0~2.0 eq 2.23 × 10-2 μM [6]
fluorescence Au NCs 0~60 0.08 μM [7]
fluorescence Graphene QDs 0~15 0.23 μM [8] 
fluorescence Benzothiazole — 41.71 nM [9]
fluorescence YVO4:Eu3+@CDs 0.001~2 0.2 nM In this work

Table S2 Comparison of different method for biothiol detection
Analyst 
method

probe
Linear 
range (μM) 

LOD (μM) Refer

electrochemical Au NPs/Bi4NbO8Cl 0.1~5 0.01 μM [10]

colorimetric Organic phenol probe — 4.27 μM [4]

fluorescence N-GQD 15~125 0.05 μM [11] 

fluorescence TCF — 0.28 μM [12] 

fluorescence Graphene quantum dots — 0.15 μM [13] 

fluorescence organic QG-1 — 5.4 mM [14]

fluorescence Organic BODYPY dye — 0.096 μM [15]

fluorescence YVO4:Eu3+@CDs 0.2~6 72 nM In this work

Table S3 Determination of Cu2+ ions in human plasma

sample
Added
(μM)

Detected a 
(mean, μM)

Recovery b

(%)
Detected c 

(mean, μM)
RSD (n=3, 

%)
Plasma 1 0.0 16.250 16.196 2.1

1.0 17.136 88.6 2.6
2.0 18.402 107.6 1.0

Plasma 2 0.0 20.124 20.132 2.9
1.0 21.210 108.6 1.8
2.0 22.050 96.3 2.2

a The measurement results by using the present method 
b Mean of three determinations.
c The measurement results by using the atomic absorption spectrometry method.
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