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1. Preparation of Various Analytes

Preparation of HCIO：After diluting commercial sodium hypochlorite solution, the absorbance 

value at 292 nm was measured by UV-VIS absorption spectrum, and the concentration of 

hypochlorite was calculated according to Lambert-Beer's law (ε=350 M -1 cm -1). 

Preparation of H2O2：Commercial hydrogen peroxide solution (30%) was diluted, the absorbance 

value at 240 nm was measured by UV-VIS absorption spectrum, and the concentration of hydrogen 

peroxide was calculated according to the Lambert-Beer law (ε=43.6 M-1cm-1). 

Preparation of HO•：Hydroxyl radical solution (50 mM) was prepared by adding aqueous ferrous 

sulfate (50 mM) to aqueous hydrogen peroxide (500 mM) according to the Fenton reaction. 

Preparation of O2
•−: 100 mM solution of superoxide anion could be prepared by dissolving 70 mg 

of potassium superoxide in 10 mL of DMSO. 

Preparation of 1O2: 1O2 solution (50 mM) could be prepared by rapidly adding 50 mM aqueous 

hypochlorous acid to 100 mM aqueous hydrogen peroxide.

Preparation of NO: Sodium nitroferricyanide (149 mg) was dissolved in 10 mL of deionized water 

to prepare a 50 mM NO solution.

Preparation of TBHP:64 mg of a 70% solution of TBHP was diluted to 10 mL with deionized 

water to make a 50 mM TBHP solution.

Preparation of ONOO−: A mixed solution of sodium nitrite (0.6 M) and hydrogen peroxide (0.7 

M) was acidified with hydrochloric acid solution (0.6 M) at 0 °C. Then NaOH (1.5 M) was added 

rapidly (~1-2 s) within 1-2 s to make the solution alkaline. The solution was passed through a short 

MnO2 column to remove excess H2O2.The concentration of the as-prepared ONOO− was calibrated 

by measuring its absorbance at 302 nm (ε=1670 M-1.cm-1) by UV-VIS absorption spectroscopy.

2. Measurement methods

Calculation of fluorescence quantum yield

The spectra of fluorescence quantum yield were obtained using 1-cm quartz cuvettes and 

spectroscopic grade solvents. Based on the absorption of the test sample, rhodamine B in ethanol 

was employed as the fluorescence quantum yield calculation standard ( stand = 0.97). To reduce 𝜙

reabsorption effects, the absorbance of the samples was kept below 0.05. The following equation 

was used to calculate the quantum yields:
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=  𝜙𝑠𝑎𝑚𝑝
𝜙𝑠𝑡𝑎𝑛𝑑(𝑛𝑠𝑎𝑚𝑝

𝑛𝑠𝑡𝑎𝑛𝑑
)2 (𝐴𝑠𝑡𝑎𝑛𝑑

𝐴𝑠𝑎𝑚𝑝
)(𝐹𝑠𝑎𝑚𝑝

𝐹𝑠𝑡𝑎𝑛𝑑
)

F denotes the integral of the corrected fluorescence spectrum; A is the absorbance at the 

excitation wavelength; n is the refractive index of the solvent.

Calculation of detection limit

The detection limit was determined using the fluorescence titration. The fluorescence emission 

spectra of probe DCO-POT were measured 10 times to establish the standard deviation of the blank 

measurement. To gain the slope, the fluorescence intensity (670 nm) was plotted as the increasing 

concentrations of ONOO−. The detection limit was determined using the following equation:

𝐿𝑂𝐷 = 3𝜎/𝑘

where σ is the standard deviation of blank measurements and k is the slope between fluorescence 

intensity and ONOO− concentration.

3. Synthesis and Characterization

Compound 1 and Compound 2: according to a published literature[1], Weigh isophorone (ISO, 2 

g, 10.74 mmol) and malononitrile (1.44 g, 11.82 mmol) into a 100 mL round-bottomed flask, then 

add 50 mL of absolute ethanol and 1 mL of piperidine, and the reaction solution was refluxed for 

12 h. The solvent ethanol was distilled off under reduced pressure, and the crude product was 

subjected to silica gel column chromatography (PE/DCM=50:1) to obtain a white solid 1 (2 g, yield 

92%), (3,5,5-trimethylcyclohexyl-2 - alkylidene) malononitrile. Compound 1 (1.86 g, 10.0 mmol) 

Scheme S1. The synthetic route of DCO-POT.
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and p-hydroxybenzaldehyde (1.22 g, 10.0 mmol) were dissolved in 25.0 mL of acetonitrile solution, 

a catalytic amount of piperidine was added dropwise to the reaction system, and the mixture was 

refluxed at 80 °C overnight. After removing the solvent under reduced pressure, the crude product 

was separated and purified by silica gel column chromatography (eluent: dichloromethane) to obtain 

orange compound 2 (1.96 g, yield 67.5%). 

Compound 3: Synthesized with reference to document [2]，methyl iodide (1.77 g, 12.5 mmol) was 

added to a solution of 2-methylbenzothiazole (0.75 g, 5 mmol) in acetonitrile (15 mL). The mixture 

was refluxed under N2 atmosphere for 24 h, and white solid was precipitated. After cooling, suction 

filtration and washing with cold acetonitrile 3 times gave white compound 3 (1.2 g, yield 89%), 

which was directly used in the next reaction without further purification. 

DCO-CHO: compound 2 (0.5 g, 1.72 mmol) and hexamethyl tetramine (0.25 g, 1.78 mmol) was 

dissolved in trifluoroacetic acid (15.0 mL) and the reaction was carried out at 90°C for 6-7 hours 

and passed through TLC monitor. After the reaction was completed, the reaction solution was 

neutralized to weakly acidic or neutral with sodium hydroxide. Extracted by EA, dried over 

anhydrous sodium sulfate, the solvent was removed under reduced pressure, and the crude product 

was purified by column chromatography (eluent: DCM) to obtain a yellow solid DCO-CHO (0.35 

g, yield 55%). 1H NMR (500 MHz, DMSO-d6) δ = 11.18 (s, 1H), 10.28 (s, 1H), 7.96 (d, J = 2.0 Hz, 

1H), 7.88 (d, J = 8.7 Hz, 1H), 7.29 (d, J = 2.9 Hz, 1H), 7.03 (d, J = 8.7 Hz, 1H), 6.86 (s, 1H), 6.54 

(s, 1H), 2.21 (s, 2H), 2.03 (s, 2H), 1.00 (s, 3H), 0.94 (s, 3H). 13C NMR (126 MHz, DMSO-d6) 

δ=191.04, 170.71, 162.31, 156.53, 137.17, 135.60, 129.15, 128.38, 128.06, 123.07, 122.68, 118.46, 

114.42, 113.59, 76.23, 42.70, 38.53, 32.09, 27.89, 26.80.
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Fig. S1. 1H NMR spectrum of DOC-CHO in DMSO-d6(500 MHz).

Fig. S2. 13C NMR spectrum of DOC-CHO in DMSO- d6 (126 MHz).
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Fig. S3. 1H NMR spectrum of probe DOC-POT in DMSO-d6(500 MHz).

Fig. S4. 13C NMR spectrum of probe DOC-POT in DMSO-d6(126 MHz).
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Fig. S5. HRMS spectrum of DCO-POT.

4. Optimization of detection conditions 

Fig. S6. The effect of different organic solvent (A) and buffer solutions(pH=7.4) (B) on the 
fluorescence intensity 670 nm of probe DCO-POT (10 μM) in the presence of ONOO− (20 μM). 
(λex/λem = 500/670 nm, slits: 5 nm/5 nm)
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Fig. S7. Fluorescence intensity 670 nm of probe DCO-POT (10 µM) on addition of ONOO− (20 
μM) in different ratios of MeOH-(Tris-HCl) solution. (pH=7.4, λex/λem = 500/670 nm, slits: 5 nm/5 
nm)  

5. Mechanistic investigation

Fig. S8. HRMS spectrum of DCO-POT+ONOO−. 
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6. Colorimetric detection of ONOO− in solution

Fig. S9. (A) Photographs for color changes of DCO-POT chemosensory upon addition of different 
concentrations of ONOO− under visible light (B) Fluorescence photographs of DCO-POT (10 μM) 
subjected to different concentrations of ONOO− under 365nm UV light. All photos were taken by 
iPhone12. (From a to i: adding 0, 2, 4, 6, 8, 10, 12, 15, 20 μM ONOO−)

7. Pseudo-first-order rate constant study.
Time-course experiments was determined under the condition of 10 μM probe DCO-POT and 

20 μM ONOO- in an MeOH-(Tris-HCl) (1:1 vol%) solution at 25 ℃. The fluorescence intensity 
was recorded at 670 nm with excitation at 500 nm. To estimate the reaction constant of protein 
labeling, we applied the pseudo-first-order rate law by setting [probe] ≫ [ONOO-]. The reaction of 
the probe DCO-POT (10 μM) with ONOO- (20 nM) in pH 7.4 MeOH-(Tris-HCl) (1:1 vol%) 
solution was monitored using the fluorescence intensity at 670 nm. The reaction was carried out at 
25 ℃. The fluorescence data were converted to labeled fractions based on the following equation:
                   [Labeled fraction] = (Ft - F0)/(Fmax - F0)             (1)
where Ft denotes the fluorescence intensity at various periods, F0 denotes the fluorescence intensity 
of the probe solution, and Fmax denotes the maximum fluorescence intensity once the reaction is 
complete.
The fictitious first-order rate constant is represented by k'. By fitting the fluorescence data using the 
following equation, it was possible to obtain the pseudo-first-order rate constant, kobs:

[Labeled fraction] = 1 -exp(-kobst)                 (2)
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Fig. S10. Pseudo-first-order kinetic plot of the probe DCO-POT (10 μM) with the addition of 
ONOO- (20 μM) in an MeOH-(Tris-HCl) (1:1 vol%) solution.

8. Cytotoxicity assay

The specific operation of the MTT experiment is as follows: SH-SY5Y cells were seeded in a 

96-well microtiter plate and cultured in a 37°C incubator with 5% CO2 and 95% air for 24 h. Cells 

were then incubated with probe solutions (0, 5, 10, 15, 20, and 50 μM) at different concentrations 

for 12 hours, respectively. After incubation, cells were washed three times with PBS. Subsequently, 

the MTT solution (200 µL, 0.5 mg/mL) was added to each well to continue incubating the cells. 

After 24 h, the remaining MTT was removed and the formazan crystals were dissolved with DMSO. 

The absorbance at 570 nm was measured on a microplate reader, and the cell viability was calculated 

according to the formula: cell viability (%) = (average absorbance of the experimental 

group/average absorbance of the control group) × 100% 
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Fig. S11. The cytotoxicity of probe DCO-POT in living SH-SY5Y cells.

9. Comparison of probe DCO-POT with the reported probes 

Table S1. Comparison of probe DCO-POT with the reported probes for ONOO−.

Probes
λex/λem

(nm)
Detection limit

Subcellular 
organelle targeting

Ref.

N S

O

OCH3

B O

O

317/483 26.3 nmol/L No [3]

N O
CN

N

S

B
O

O

460/530 15 nmol/L No [4]
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OO

BO

O

O

322/450 29.8 nmol/L No [5]

440/545 4 nmol/L Mitochondria [6]

O

O
P

O

CNNC

 556/690 4.62µmol/L No [7]

440/510 0.24 µmol/L lysosome [8]

420/600 250 nmol/L Golgi apparatus [9]

435/553 48 nmol/L Mitochondrial [10]

488/540 8.3 nmol/L
Endoplasmic 

reticulum
[11]
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500/670 10 nmol/L Mitochondrial This work
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