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Experimental section

Materials and apparatus. The experimental chemicals obtained from suppliers 

were not further purified before use. The nuclear magnetic resonance (NMR) spectra 

were recorded from a Bruker AVANCE III HD 400 MHz and Bruker AVANCE NEO 

500 MHz spectrometer instruments. The mass spectrometry (MS) spectra were 

performed from a Bruker Amazon SL instrument. The U-4100 spectrophotometer and 

Edinburgh FS5 were used to the collection of UV-vis absorption and fluorescence 

spectra. The laser scanning confocal microscope (Olympus FV3000) was employed to 

obtain the cell images. 

Synthesis and characterization. Three naphthalimide-derived compounds 

named Compound 1, Probe A and Probe B were synthesized according to the 

procedures shown in Scheme 1. 

The details of Compound 1. The synthesis process of Compound 1 was referred 

to the published articles.[1-3] 1H NMR (400 MHz, Chloroform-d) δ 8.62 (dd, J = 7.3, 

1.2 Hz, 1H), 8.51 (dd, J = 8.5, 1.2 Hz, 1H), 8.37 (d, J = 7.8 Hz, 1H), 8.00 (d, J = 7.9 

Hz, 1H), 7.81 (dd, J = 8.5, 7.3 Hz, 1H), 4.17-4.08 (m, 2H), 1.83-1.69 (m, 2H), 1.02 (t, 

J = 7.4 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 163.39, 163.36, 132.94, 

131.82, 131.00, 130.93, 130.33, 130.00, 128.70, 127.93, 122.95, 122.09, 42.04, 21.35, 

11.55. ESI-MS: m/z, calcd: 317.01, found: 318.16 ([M + H]+). 

The details of Probe A. In a 100 mL round bottom flask, Compound 1 (63.4 mg, 

0.2 mmol), sodium thiomethoxide (84.1 mg, 0.24 mmol), K2CO3 (27.6 mg, 0.2 mmol) 

and DMF (60 mL) were added sequentially, and heated at 90oC under N2 for 6 h. 
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After the reaction completed, the mixture was poured into 300 mL ice water and the 

precipitate was collected, and the Probe A was purified by silica gel column 

chromatography (petroleum ether : dichloromethane = 2 : 1). 1H NMR (400 MHz, 

Chloroform-d) δ 8.60 (d, J = 7.2 Hz, 1H), 8.51-8.42 (m, 2H), 7.77-7.67 (m, 1H), 7.42 

(dd, J = 7.9, 1.7 Hz, 1H), 4.18-4.09 (m, 2H), 2.68 (d, J = 1.7 Hz, 3H), 1.77 (h, J = 7.6 

Hz, 2H), 1.01 (t, J = 7.5 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 163.98, 

163.96, 146.14, 131.30, 130.72, 129.44, 128.81, 127.96, 126.42, 123.07, 120.87, 

118.72, 41.88, 21.40, 14.83, 11.55. ESI-MS: m/z, calcd: 285.08, found: 285.88 ([M + 

H]+). 

The details of Probe B. In a 100 mL round bottom flask, Compound 1 (63.4 mg, 

0.2 mmol), (4-methylsulfanylphenyl)boronic acid (40.3 mg, 0.24 mmol), K2CO3 (27.6 

mg, 0.2 mmol), Pd(Pph3)4 (11.6 mg, 0.01 mmol) and EtOH (60 mL) were added 

sequentially, and refluxed at 80oC under N2 for 8 h. After that, the solvent was 

removed by rotary evaporation, and the Probe B was purified by silica gel column 

chromatography (petroleum ether : dichloromethane = 2 : 1). 1H NMR (400 MHz, 

DMSO-d6) δ 8.54-8.47 (m, 2H), 8.24 (dd, J = 8.5, 1.2 Hz, 1H), 7.87-7.73 (m, 2H), 

7.54-7.43 (m, 4H), 4.06-3.98 (m, 2H), 2.58 (s, 3H), 1.67 (h, J = 7.5 Hz, 2H), 0.94 (t, J 

= 7.4 Hz, 3H).  13C NMR (101 MHz, Chloroform-d) δ 164.29, 164.09, 146.23, 

139.58, 135.32, 132.43, 131.15, 130.80, 130.28, 129.99, 127.71, 126.81, 126.31, 

122.97, 121.74, 41.97, 21.42, 15.57, 11.55. ESI-MS: m/z, calcd: 361.11, found: 

362.24 ([M + H]+). 

Solution preparation and spectral analysis. The stock solutions of Probe A 
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and Probe B (1 mM) were prepared with N,N-Dimethylformamide (DMF). The stock 

solutions of ClO- and other analytes including H2O2, •OH, ONOO-, MnO4
-, 1O2, O2

-, 

NO2
-, TBHP, DTBP, S2-, SO3

2-, Cys, Hcy, GSH, NH3•H2O, K+, Na+, Ca2+ and Mg2+ 

were prepared in deionized water. All the spectra experiments were performed in 

DMF-PBS buffer solution (10 mM, pH = 7.4, 1/99, v/v) at room temperature. 

Construction and application of test paper. The filter paper strips were firstly 

soaked in a dichloromethane solution containing 10 M Probe B, then took it out and 

dried in natural, and the ClO- test paper was successfully manufactured. Afterwards, 

various kinds of analytes and different concentrations of ClO- were carefully sprayed 

on the test paper, and the fluorescence color change can be observed with naked eyes 

directly under 365 nm UV light. 

Cytotoxicity analysis and live cell imaging. In order to ensure that the Probe B 

can be successfully applied to live cell imaging, its cytotoxicity was first investigated 

with 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium bromide (MTT) assay, and 

the details were referred to the published literatures. Subsequently, in the atmosphere 

of 37oC with 5% CO2, the HepG2 cells were cultured with different concentrations of 

ClO- ranging from 0 to 60 M for 30 min, and then washed with PBS buffer solution 

for 3 times. Afterwards, the cells were incubated with 10 M Probe B for another 30 

min. Under 405 nm excitation, the confocal fluorescence imaging in blue and green 

channels were collected in the range of 420-440 nm and 480-520 nm respectively. 
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Table S1. Comparison of the related fluorescent probes for ClO-. 
Probes Solution FL change Em shift LOD AIE Ref.

50% EtOH Turn-on - 16.6 nM - [4]

- Turn-on - 92 nM √ [5]

50% DMF Ratiometric 60 nm 16 nM - [6]

- Turn-on - 16.1 nM - [7]

10% EtOH Turn-on - 0.56 nM - [8]

- Turn-on - - - [9]

0.1% DMF Turn-on - - - [10]

50% DMF Ratiometric 32 nm 59 nM - [11]

1% DMSO Turn-off - 120 nM - [12]

1% DMF Ratiometric 68 nm 20 nM √
This 

work
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Fig S1. ESI mass spectrometry monitoring the reaction between Probe A and ClO-. 

Fig S2. ESI mass spectrometry monitoring the reaction between Probe B and ClO-. 

Fig S3. Survival rate of HepG2 cells after incubation with different concentrations of 

Probe B (0, 1, 5, 10, 20 and 50 M) for 24 h. 
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Fig S4. Confocal fluorescence images of HepG2 cells with Probe B (10 M) after the 

pre-treatment with (a) 0 M, (b) 10 M, (c) 20 M, (d) 40 M and (e) 60 M ClO- 

for 30 min. Scale bar: 20 m. 

Fig S5. The TEM images of Probe A and Probe B in (a, c) 100% EtOH and (b, d) a 

solvent system (EtOH: H2O = 1: 99 v/v) after drying on copper mesh. 
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Fig S6. The normalized (a) absorption and (b) fluorescence spectra of Probe B in 

different solvents.

Fig S7. DFT calculations about HOMO and LUMO distributions of Probe B.

Fig S8. (a) The fluorescence spectra and (b) fluorescence intensity ratio (F432/F500) of 

Probe B (10 M) after the addition of different kinds of analytes (500 M). (1) Blank, 

(2) H2O2, (3) •OH, (4) ONOO-, (5) MnO4
-, (6) 1O2, (7) O2

-, (8) NO2
-, (9) TBHP, (10) 

DTBP, (11) S2-, (12) SO3
2-, (13) Cys, (14) Hcy, (15) GSH, (16) NH3•H2O, (17) K+, 

(18) Na+, (19) Ca2+, (20) Mg2+ and (21) ClO- (100M).
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Fig S9. Fluorescence intensity ratio (Fblue/Fgreen) obtained from images (a-e) in Fig 5.

Fig S10. ESI mass spectra of Compound 1. ESI-MS: m/z, calcd: 317.01, found: 

318.16 ([M + H]+). 
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Fig S11. 1H NMR of Compound 1 in CDCl3. 1H NMR (400 MHz, Chloroform-d) δ 

8.62 (dd, J = 7.3, 1.2 Hz, 1H), 8.51 (dd, J = 8.5, 1.2 Hz, 1H), 8.37 (d, J = 7.8 Hz, 1H), 

8.00 (d, J = 7.9 Hz, 1H), 7.81 (dd, J = 8.5, 7.3 Hz, 1H), 4.17-4.08 (m, 2H), 1.83-1.69 

(m, 2H), 1.02 (t, J = 7.4 Hz, 3H). 



S-12

Fig S12. 13C NMR of Compound 1 in CDCl3. 13C NMR (101 MHz, Chloroform-d) δ 

163.39, 163.36, 132.94, 131.82, 131.00, 130.93, 130.33, 130.00, 128.70, 127.93, 

122.95, 122.09, 42.04, 21.35, 11.55. 

Fig S13. ESI mass spectra of Probe A. ESI-MS: m/z, calcd: 285.08, found: 285.88 

([M + H]+).
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Fig S14. 1H NMR of Probe A in CDCl3. 1H NMR (400 MHz, Chloroform-d) δ 8.60 (d, 

J = 7.2 Hz, 1H), 8.51-8.42 (m, 2H), 7.77-7.67 (m, 1H), 7.42 (dd, J = 7.9, 1.7 Hz, 1H), 

4.18-4.09 (m, 2H), 2.68 (d, J = 1.7 Hz, 3H), 1.77 (h, J = 7.6 Hz, 2H), 1.01 (t, J = 7.5 

Hz, 3H). 
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Fig S15. 13C NMR of Probe A in CDCl3. 13C NMR (126 MHz, Chloroform-d) δ 

163.98, 163.96, 146.14, 131.30, 130.72, 129.44, 128.81, 127.96, 126.42, 123.07, 

120.87, 118.72, 41.88, 21.40, 14.83, 11.55. 

Fig S16. ESI mass spectra of Probe B. ESI-MS: m/z, calcd: 361.11, found: 362.24 ([M 

+ H]+). 
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Fig S17. 1H NMR of Probe B in DMSO-d6. 1H NMR (400 MHz, DMSO-d6) δ 8.54-

8.47 (m, 2H), 8.24 (dd, J = 8.5, 1.2 Hz, 1H), 7.87-7.73 (m, 2H), 7.54-7.43 (m, 4H), 

4.06-3.98 (m, 2H), 2.58 (s, 3H), 1.67 (h, J = 7.5 Hz, 2H), 0.94 (t, J = 7.4 Hz, 3H). 
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Fig S18. 13C NMR of Probe B in CDCl3. 13C NMR (101 MHz, Chloroform-d) δ 

164.29, 164.09, 146.23, 139.58, 135.32, 132.43, 131.15, 130.80, 130.28, 129.99, 

128.74, 127.71, 126.81, 126.31, 122.97, 121.74, 41.97, 21.42, 15.57, 11.55.
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