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Synthesis for compound CyOH: Grinded potassium carbonate (64 mg, 0.58 mmol) 

and resorcinol (84 mg, 0.58 mmol) were stirred in 4 mL CH3CN at 55 °C under N2 

atmosphere for 15 minutes, before IR-780 (100 mg, 0.19 mmol) dissolved in 4 mL 

CH3CN was added dropwise into the mixture. The reaction mixture was then stirred 

for 3 h. The residue was then diluted with DCM and washed with water for three 

times. The organic layer was dried over sodium sulfate and concentrated under 

reduced pressure. The residue was then purified with silica gel chromatography 

(DCM/CH3OH, v:v= 25:1) to obtain pure CyOH (55 mg, 73.33%).1H NMR (500 

MHz, Chloroform-d) δ 8.33 (d, J = 13.9 Hz, 1H), 7.37 – 7.30 (m, 4H), 7.23 (d, J = 8.8 

Hz, 1H), 7.17 (t, J = 7.4 Hz, 1H), 7.04 – 6.98 (m, 2H), 6.94 (s, 1H), 5.91 (d, J = 13.9 

Hz, 1H), 3.97 (t, J = 7.5 Hz, 2H), 2.70 (t, J = 6.1 Hz, 2H), 2.61 (d, J = 6.1 Hz, 2H), 

1.93 – 1.85 (m, 4H), 1.70 (s, 6H), 1.05 (t, J = 7.4 Hz, 3H). 13C NMR (500 MHz, 

Chloroform-d) δ 161.98, 157.04, 142.64, 140.50, 138.93, 129.25, 128.52, 124.34, 

122.29, 115.34, 115.18, 109.85, 103.19, 97.77, 48.85, 45.64, 28.60, 28.44, 24.33, 

20.89, 20.57, 11.69. HRMS: m/z calcd for [C28H30NO2]+ = 412.2271; found: 

412.2275.

Synthesis for compound DPPC 1

Chlordiphenylphosphin (500 mg, 2.27 mmol) and elemental sulfur (800 mg, 25 

mmol) was heated to 130 °C. At this temperature, the reaction mixture was stirred for 

6.5 h and then allowed to cool to room temperature. Clear yellowish oil was obtained. 

Then the product was purified with silica gel chromatography (PE) to obtain pure 

diphenylphosphinothioic chloride (compound DPPC) (574 mg, 100%).31P NMR (500 
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MHz, Chloroform-d) δ 80.19. 1H NMR (500 MHz, Chloroform-d) δ 8.05 – 7.93 (m, 

4H), 7.62 – 7.56 (m, 2H), 7.54– 7.50 (m, 4H). 13C NMR (500 MHz, Chloroform-d) δ 

135.89, 135.12, 132.59, 132.57, 131.04, 130.94, 128.75, 128.63. GCMS: m/z calcd 

for [C12H10ClPS]+ =251.9929; found: 252.0700.

Synthesis for probe CyP: CyOH (50 mg, 0.12 mmol) was dissolved in 

dichloromethane (DCM) (10 mL) with triethylamine (50 μL). Compound DPPC 

(300.0 mg, 1.2 mmol) was added into the mixture at 0 °C and stirred for 30 min. The 

residue was diluted with DCM and washed with water for three times. The organic 

layer was dried over sodium sulfate and concentrated under reduced pressure. The 

crude product was concentrated and purified after silica gel chromatography 

(DCM/CH3OH, v:v =20:1) to obtain pure CyP (67 mg, 90% yield). 31P NMR (500 

MHz, Chloroform-d) δ 84.33. 1H NMR (500 MHz, Methanol-d4) δ 8.66 (dt, J = 13.7, 

6.5 Hz, 1H), 8.14 – 8.04 (m, 4H), 7.92 (s, 1H), 7.75 (dd, J = 7.4, 1.3 Hz, 1H), 7.69 – 

7.63 (m, 3H), 7.63 – 7.56 (m, 5H), 7.56 – 7.51 (m, 1H), 7.42 – 7.35 (m, 1H), 7.25 – 

7.19 (m, 1H), 7.16 (q, J = 2.1 Hz, 1H), 7.07 (m, 1H), 6.61 (dt, J = 15.2, 2.1 Hz, 1H), 

4.40 (t, J = 7.4 Hz, 2H), 2.78 – 2.65 (m, 4H), 1.95 (m, 4H), 1.80 (d, J = 2.5 Hz, 6H), 

1.09 (t, J = 7.4 Hz, 3H). 13C NMR (126 MHz, Chloroform-d) δ 178.48, 159.95, 

152.96, 152.72, 146.27, 142.02, 141.47, 133.93, 133.05, 132.62, 132.59, 131.46, 

131.36, 129.80, 129.38, 128.82, 128.71, 128.18, 127.81, 122.42, 119.11, 119.08, 

118.98, 115.49, 113.46, 109.42, 109.38, 106.33, 106.28, 50.88, 47.74, 29.39, 28.17, 

24.34, 21.64, 20.23, 11.55. HRMS: m/z calcd for [C40H39NO2PS]+ = 628.2432; found: 

628.2442.
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Scheme S1. The synthetic route of the probe CyP.
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Figure S1. The GC-MS of compound DPPC.

Figure S2. The 31P NMR of DPPC in CDCl3.
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Figure S3. The 1H NMR of DPPC in CDCl3.

Figure S4. The 13C NMR of DPPC in CDCl3.
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Figure S5. The HR-MS of CyOH.

Figure S6. The 1H NMR of CyOH in CDCl3.
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Figure S7. The 13C NMR of CyOH in CDCl3.

Figure S8. The HR-MS of CyP.
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Figure S9. The 31P NMR of CyP in CDCl3.

Figure S10. The 1H NMR of CyP in CDCl3.
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Figure S11. The 13C NMR of CyP in CDCl3.
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Figure S12. Detection of fluorescence quantum yield of CyOH. (a-b) The absorbance 

and fluorescence spectra of CyOH in CH3OH. (c-d) The absorbance and fluorescence 

spectra of TCPP (Φ=0.25) in DMSO2. Both probes were detected by the same 

excitation wavelength (645 nm) and slit width (10 nm).

Figure S13. The fluorescence lifetime of probe CyP (10 μM), CyOH (10 μM) and 

CyOH (10 μM) + Hg2+(100 μM).



12

Figure S14. Linear fitting of CyP (10 μM) incubated with different concentrations of 

Hg2+ (0~10 μM).

Figure S15. The mass spectra of the solution of CyP incubated with Hg2+.
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Figure S16. Fluorescence intensity of CyP (10 μM), CyOH (10 μM), CyP (10 μM) 

with Hg2+ in solution of different pH.

Figure S17. Fluorescence intensity-time relationship of CyP without Hg2+ and with 

Hg2+.
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Figure S18. The cytotoxicity test for CyOH and CyP at different concentration (0-10 

μM).
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Figure S19. (a) Cell images of SHSY-5Y cells pre-incubated Hg2+ (20 μM) for 30 

min, then added CyP (0, 2.5, 5, 7.5 or 10 μM) for 20 min. (b) Mean fluorescence 

intensities of SHSY-5Y cells in the presence of different concentrations of CyP.
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Figure S20. Linear analysis of mercury ion concentration and mean fluorescence 

intensity of cells in cell imaging.

Figure S21. (a) SHSY-5Y cells incubated with Hg2+ (20 μM) for 30 min and EDTA 

(40 μM) and GSH (40 μM) for 1 h, respectively. (b) Mean fluorescence intensities of 

SHSY-5Y cells of panel a.
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Figure S22. Z-scanned confocal fluorescence images of zebrafish incubated with 

Hg2+ (40 μM) for 30 min, and then incubated with CyP (10 μM) for 20 min (Scar bar 

250 μm).
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Table S1. Comparison of different fluorescence methods for detecting Hg2+.

Method Media
Detection 

limit/nM

λem

(nm)

Cell 

image

Animal 

image

Tang et al. 

(2019) O

S

S

OH

O

OH

O 4.16X103 537 No No

Xu et 

al.(2018)
O

CN
CNCN

OO

S 17.0 604 No No

Wu et al. 

(2019)
N O O

HN

N
H 1.08x103 480 Yes Yes

Tian et al. 

(2020) S

S

N OO

OH

40.0 510 Yes No

This work O
N

PO S 54.8 710 Yes Yes
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