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Experimental procedures

Instruments and materials

Melting points were determined by an OptiMelt automated melting point system 

(Stanford Research System, USA) and were uncorrected. Fluorescence and UV-vis 

spectral data were recorded by an LS55 fluorescence spectrophotometer (Perkin 

Elmer, USA) and a UV-2450 spectrophotometer (Shimadzu, Japan). FT-IR spectra 

were recorded by a Nicolet Summit FTIR Spectrometer (Thermo Fisher, USA). HR-

MS spectra were collected by a Waters G2-xs (LC/ESI) instrument (Waters, USA). 1H 

NMR and 13C NMR were obtained by a Bruker AVANCEIIIHD 600 MHz 

spectrometer (Bruker, Germany) with TMS as the internal standard. The fluorescence 

imagings in cells and zebrafishes were carried out by a Zeiss LSM 570 laser confocal 

microscope (Carl Zeiss, Germany). Cytotoxicity of cells was tested by microplate 

reader (Thermo Fischer Scientifics, USA). All reagents and solvents were analytical 

grade from Shanghai Chemical Reagent Company (Shanghai, China) and Energy 

Chemical (Shanghai, China) without further treatment. 

Cytotoxicity test

MCF-7 cells were cultured in DMEM medium with 10% fetal bovine serum (PBS), 

1% penicillin, and streptomycin at 37°C with 5% CO2 and seeded in 96-well 

microplates. After 24 h, the cells were treated by CPS with different concentrations (0, 

10, 20, 30 and 40 µM) for two days. Subsequently, MTT solution (5 mg/mL, 10 µL) 

was injected into each well and the cells were incubated for additional 4 h. MTT 

solution was then removed and the cells were washed by PBS buffer. At last, the 

formed blue formazan crystals were dissolved in DMSO (150 μL) and the absorbance 

can be obtained by a microplate reader (Thermo Fischer Scientifics, USA) to test the 

level of toxicity. 

Bioimaging

MCF-7 cells were cultured in DMEM medium with 10% fetal bovine serum (FBS), 



1% penicillin, and streptomycin at 37°C with 5% CO2 for 24 hours. Then the cells 

were treated by the probe CPS (10 μM) in the 6-well flat-bottomed plates. After 3 h 

of incubation, the excess probes were removed and the wells were washed with PBS 

buffer. Subsequently, these cells were treated with different concentrations of ClO－, 

Cu2+ or Zn2+ (15 μM, 30 μM) for 30 minutes. Finally, the cells were washed with PBS 

for three times and imaged under the Laser confocal microscope (Carl Zeiss, 

Germany).

Zebrafish eggs were bought from Shanghai FishBio Co., Ltd. and cultured with a 

nutrient solution in a thermostat water bath at 26°C. After 5 days, the juvenile 

zebrafishes were put in 6-well flat-bottomed plates with deionized water (1 × 

104/well). Part of the zebrafishes was exposed to CPS (10 μM, 25 min) as the control 

group. The other fishes treated with CPS (10 μM, 25 min) were further treated with 

ClO-, Cu2+ or Zn2+ (5 μM, 30 μM) for 30 min. Subsequently, the samples were washed 

three times with water and anesthetized on glass slides with MS-22. Finally, the fishes 

were imaged under the Laser confocal microscope (Carl Zeiss, Germany).
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Table. S1. Previously reported fluorescent probes sensing ClO-, Cu2+ and Zn2+.

Fig. S1. 1H NMR spectra of probe CPS (600 MHz, DMSO-d6).

Fig. S2. 13C NMR spectra of probe CPS (151 MHz, DMSO-d6)

Fig. S3. HR-MS of probe CPS.
Fig. S4. (a) Interference of the CPS + Cu2+ sensor over the various cations in 
EtOH/H2O (v/ v =2/8, pH =7.1) in the presence of various other ions (20 μM). (b) The 
intensity ratio (F440nm/F515nm) of CPS (10 μM) and Zn2+ (20 μM) in EtOH/H2O (v/ v 
=2/8, pH =7.1) in the presence of various other ions (20 μM). (c) The intensity ratio 
(F467nm/F515nm) of CPS (10 μM) and ClO (20 μM) in EtOH/H2O (v/v = 2/8, pH =7.1) 
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Fig.S5. (a) Time-dependent fluorescent intensity of probe CPS (10 μM) in the 

absence and presence of Cu2+ (20 μM). (b) Time-dependent fluorescent intensity ratio 

(F440nm/F515nm) of probe CPS (10 μM) in the absence and presence of Zn2+ (20 μM). (c) 

Time-dependent fluorescent intensity ratio (F467nm/F515nm) of probe CPS (10 μM) in 



the absence and presence of ClO- (20 μM).

Fig.S6. (a) Fluorescent intensity of probe CPS (10 μM) in the absence and presence 

of Cu2+ (20 μM) within 200 min. (b) Fluorescent intensity ratio (F440nm/F515nm) of 

probe CPS (10 μM) in the absence and presence of Zn2+ (20 μM) within 200 min. (c) 

Fluorescent intensity ratio (F467nm/F515nm) of probe CPS (10 μM) in the absence and 

presence of ClO- (20 μM) within 200 min. 

Fig.S7. (a) Fluorescence intensity changes of CPS (10 µM) and CPS-Cu2+ at different 

pH. (b) Fluorescence intensity ratio (F440nm/F515nm) changes of CPS (10 µM) and 

CPS-Zn2+ at different pH. (c) Fluorescence intensity ratio (F467nm/F515nm) changes of 

CPS (10 µM) and CPS-ClO- at different pH.

Fig. S8. (a) Job’s plots of CPS-ClO complexes in ethanol solution. (b) Job’s plots of 

CPS-Cu2+ complexes in ethanol solution. (c) Job’s plots of CPS-Zn2+ complexes in 

ethanol solution.
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changes of CPS upon alternate addition of Zn2+ and EDTA. (c) Fluorescence intensity 
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Fig. S15. Optimized molecular configurations and frontier molecular orbital profiles 

of probe CPS and complex CPS+ClO-, CPS+Cu2+ and CPS+Zn2+.

Fig.S16. Cell viability of MCF-7 cells incubated with different concentrations of CPS

Fig.S17. Fluorescent bleaching experiment of zebrafish from 10 min to 60 min Scale.
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Fig. S1. 1H NMR spectra of probe CPS (600 MHz, DMSO-d6).



Fig. S2. 13C NMR spectra of probe CPS (151 MHz, DMSO-d6).

Fig. S3. HR-MS of probe CPS.

Fig. S4. (a) Interference of the CPS + Cu2+ sensor over the various cations in EtOH/H2O (v/v = 
2/8, pH = 7.1) in the presence of various other ions (20 μM). (b) The intensity ratio (F440nm/F515nm) 
of CPS (10 μM) and Zn2+ (20 μM) in EtOH/H2O (v/v = 2/8, pH = 7.1) in the presence of various 
other ions (20 μM). (c) The intensity ratio (F467nm/F515nm) of CPS (10 μM) and ClO (20 μM) in 
EtOH/H2O (v/v = 2/8, pH = 7.1) in the presence of various other ions (20 μM).



Fig. S5. (a) Time-dependent fluorescent intensity of probe CPS (10 μM) in the absence and 
presence of Cu2+ (20 μM). (b) Time-dependent fluorescent intensity ratio (F440nm/F515nm) of probe 
CPS (10 μM) in the absence and presence of Zn2+ (20 μM). (c) Time-dependent fluorescent 
intensity ratio (F467nm/F515nm) of probe CPS (10 μM) in the absence and presence of ClO (20 μM).



Fig. S6. (a) Fluorescent intensity of CPS (10 μM) in the absence and presence of Cu2+ (20 μM) 
within 200 min. (b) Fluorescent intensity ratio (F440nm/F515nm) of CPS (10 μM) in the absence and 
presence of Zn2+ (20 μM) within 200 min. (c) Fluorescent intensity ratio (F467nm/F515nm) of CPS 
(10 μM) in the absence and presence of ClO (20 μM) within 200 min.



Fig. S7. (a) Effects of pH on fluorescence intensity of CPS (10 µM) before and after adding Cu2+ 
(20 μM) in EtOH/H2O (v/v = 2/8, pH = 7.1). (b) Effects of pH on fluorescence intensity ratio (F440 

nm/F515 nm) of CPS (10 μM) before and after adding Zn2+ (20 μM) in EtOH/H2O (v/v = 2/8, pH = 
7.1). (c) Effects of pH on fluorescence intensity ratio (F467 nm/F515 nm) of CPS (10 μM) before and 
after adding ClO- (20 μM) in EtOH/H2O (v/v = 2/8, pH = 7.1). 



Fig. S8. (a) Job’s plots of CPS-ClO complexes in ethanol solution. (b) Job’s plots of CPS-Cu2+ 

complexes in ethanol solution. (c) Job’s plots of CPS-Zn2+ complexes in ethanol solution.



Fig. S9. 1H NMR spectra of CPS upon the addition of different equivalents of ClO, Cu2+ and 

Zn2+.



Fig. S10. FT-IR spectra of CPS, CPS-ClO, CPS-Zn2+ and CPS-Cu2+ complexes.

Fig. S11. ESI-MS spectra of CPS-Cu2+ complex.



Fig. S12. ESI-MS spectra of CPS-Zn2+ complex.

Fig. S13. ESI-MS spectra of CPS-ClO complex.



Fig. S14. (a) Fluorescence intensity ratio (F467nm/F515nm) of CPS upon alternate addition of ClO- 

and EDTA. (b) Fluorescence intensity ratio (F440nm/F515nm) of CPS upon alternate addition of Zn2+ 

and EDTA. (c) Fluorescence intensity of CPS upon alternate addition of Cu2+ and EDTA.



Fig. S15. Optimized molecular configurations and frontier molecular orbital profiles of probe CPS 
and complex CPS+ClO, CPS+Cu2+ and CPS+Zn2+.

Fig. S16. Cell viability of MCF-7 cells incubated with different concentrations of CPS.



Fig. S17. Fluorescent bleaching experiment of zebrafish from 10 min to 60 min Scale.
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