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Fig. S1 Size distribution histograms of N-CDs.

Fig. S2 HRTEM images of N-CDs.



Fig. S3 XPS spectrum of N-CDs.

Fig. S4 The excitation and emission spectra of N-CDs. 



Fig. S5 (a) Emission spectra of N-CDs with varying excitation wavelengths; Emission 

intensity of N-CDs at pH values ranging from 5-12 (b) and in NaCl solutions with 

concentrations ranging from 0-5 mM (c).

Fig. S6 The respective size distribution histograms of (a) N-CDs@SiO2-NH2; (b) N-

CDs@SiO2-COOH; (c) N-CDs@SiO2-Tb microspheres.



Fig. S7 XPS spectrum of N-CDs@SiO2-Tb. 

Fig. S8 Emission spectra (a) and the corresponding intensity ratio of I546/I400 or I546/I622 

(b) of N-CDs@SiO2-Tb suspensions (λex = 235 nm) at different pH values.



Fig. S9 Emission spectra (a) and the corresponding intensity ratios of I546/I400 or I546/I622 

(b) of N-CDs@SiO2-Tb suspensions (λex = 235 nm) at different temperature.

Fig. S10 (a) I546/I400 and (b) I546/I622 ratios versus MnO4
‒ concentration (0-18 μM).



Fig. S11 Anti-interference performance of the N-CDs@SiO2-Tb probe: Fluorescence 

emission spectra (λₑₓ = 235 nm) before and after adding MnO4
‒ (0.01 M) in the presence 

of different interfering anions (0.1 M).

Fig. S12 Anti-interference performance of the N-CDs@SiO2-Tb probe against common 

cations: (a) Fluorescence emission spectra (λₑₓ = 235 nm); (b) I546/I400 and (c) I546/I622 

ratios before and after adding MnO4
‒ (0.01 M) to systems containing different 

interfering anions (1 mM).



Fig. S13 Anti-interference performance of the N-CDs@SiO2-Tb probe against Cr2O7
2‒ 

at low concentration: (a) Fluorescence emission spectra (λₑₓ = 235 nm) before and after 

adding MnO4
‒ (5 μM) and Cr2O7

2‒ (3 μM); (b) corresponding I546/I400 and I546/I622 ratios.

Fig. S14 Anti-interference performance of the N-CDs@SiO2-Tb probe against Fe3+ at 

low concentration: (a) Fluorescence emission spectra (λₑₓ = 235 nm) before and after 

adding MnO4
‒ (3 μM) and Fe3+ (2 μM); (b) corresponding I546/I400 and I546/I622 ratios.



Fig. S15 Emission spectra (a) and intensity ratios of I546/I400 and I546/I622 (b) of N-

CDs@SiO2-Tb: fresh vs. recycled after MnO4
‒ treatment (λex = 235 nm).

Fig. S16 (a) Fluorescence profiles of N-CDs@SiO2-Tb (λex = 235 nm) and (b) the 

corresponding ratios of I546/I400 and I546/I622 before and after treatment with MnO4
‒ 

(Conc. = 2.5 μM) in recyclable experiments.



Table S1 Sensitivity of various probes for detection of MnO₄⁻.

Meterials Fluorescence

emission

LOD FL 

Ratios

Ref

1 JXUST-9 single 1.23 μM \ 1

2 PP-TzDa Dual 0.01 mM I595/I520 2

3 [Tb(BCB)(DMF)]·(DMF)1.5

(H2O)2

Dual 5.34 μM I548/I622 3

4 [Tb(cpia)(H2O)2]n·nH2O Dual 1.17 μM I548/I622 3

5 NCQDs@Cu single 32.4 nM \ 4

6 SWU-4 single 5.19 μM \ 5

7 N/S-CDs Dual 0.34 μM \ 6

8 N-CDs@SiO2-Tb Dual 0.12 μM,

0.13 μM

I546/I400,

I546/I622
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