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Figure S1. TEM images of (A) m-PD CDs (insets: high-resolution TEM image and size distribution analysis) and (B) AA 
nanoparticulates. (C) UV-Vis absorption and fluorescence spectra of m-PD CDs. Inset: fluorescence spectra of m-PD CDs 
in aqueous solution as a function of excitation wavelength. 



 

 

 
Figure S2. XPS survey spectra and high-resolution XPS scan spectra over C1s, O1s and N1s of (A) mPA CNPs and (B) m-PD 
CDs. 



 

 
Figure S3. FT-IR spectra of (A) mPA CNPs and (B) m-PD CDs (ν: stretching, δ: bending). 



 

 
Figure S4. Fluorescence decay curves of mPA CNPs (1.0 μg mL−1) at pH (A) 3.0, (B) 7.0 and, (C) 11.0 upon excitation using 
a 375-nm pulsed laser. 

 



 

 
Figure S5. Flow cytometry analysis of Tramp C1 cells treated with mPA CNPs (5 μg mL−1) at various pH values for 2 h. 
(A) A histogram (number of events versus FITC channel signal) and (B) The bar graph representing the relative fluores-
cence intensity (F/F0) versus the pH value. F0 and F denote the mean fluorescence intensities of mPA CNPs in Tramp C1 
cells at pH 5.4 and other specific pH values, respectively. 
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Figure S6. Cell viability for Tramp C1 cells in the presence of a series of concentrations of mPA CNPs. 

 



 

 
Figure S7. FT-IR spectra of mPA CNPs in the (A) absence and (B) presence of NaClO (100 μM). 

 



 

 
Figure S8. Flow cytometry analysis of Tramp C1 cells stained with mPA CNPs (5 μg mL−1) incubated with NaClO (10 μM) 
or NaClO/NAC (10 μM and 10 mM, respectively) for 30 min. (A) A histogram (number of events versus FITC channel 
signal) and (B) The bar graph representing the relative fluorescence intensity (F/F0) versus different treatments. F0 and F 
denote the mean fluorescence intensities of mPA CNPs in Tramp C1 cells in the absence and presence of hypochlorite. 

Table S1. Zeta potentials of mPA CNPs (1 μg mL-1) at various pH values. 

pH Zeta Potential (mV) 
3.0 16.3 ± 1.3 
5.0 11.7 ± 1.8 
7.0 6.5 ± 0.6 
9.0 −2.1 ± 1.5 

11.0 −4.7 ± 1.4 
 

 

  



 

Table S2. Comparison of the in vitro fluorescence behavior of mPA CNPs with other CD-based pH sensors. 

Materials Precursors 
Linear pH 

Range 
Dosage 

(μg mL−1) 
Labeling 
Time (h) 

Reference 

pH-CDs 
p-phenylenediamine, o-
phenylenediamine and 

dopamine 
3.5–6.5 20 0.5 16 

N-CDs p-phenylenediamine 
2.6‒4.6; 
5.0‒6.8 

600 0.5 38 

CDs 
anthranilic acid and o-

phenylenediamine 
3.0‒8.0 (non-

linear) 
400 4 48 

BNSCDs 

4-carboxyphenyl-boronic 
acid and 2,5-

diaminobenzenesul-fonic 
acid 

1.6‒7.0 500 0.5 49 

Y-CDs o-phenylenediamine 4.0‒8.2 40 4 52 
G-CDs m-phenylenediamine 6‒10 40 5 53 

CDs 
citric acid and 
basic fuchsin 

5.2‒8.8 500 2 54 

mPA CNPs 
m-phenylenediamine and 

ascorbic acid 
5.5‒8.5 5 2 This work 

Table S3. Comparison of the fluorescence behavior of mPA CNPs with other CD-based hypochlorite sensors. 

Materials Precursors Linear Range (μM) LOD (nM) Reference 
CDs ethanol and H2O2 0.1–10  80 24 

CDs 
3-aminophenylboronic acid and 

alizarin red S 
0–200 4470 25 

Cl,N-CDs 
dried shaddock peel and 

concentrated HCl 
3.24–216 2880 26 

GAAP-CDs 
glutaric acid and 3-

aminophenylboronic acid 
0.1–100 500 27 

N-CDs neutral red and glutamine 1.5–112.5; 112.5–187.5 270 29 
N, P-CDs safranine T and phosphoric acid 0.74–5.93; 5.93–25.93 46.1 31 
RD-CDs 2,5-diaminobenzenesulfonic acid 0.1–100 83 55 

mPA CNPs 
m-phenylenediamine and ascorbic 

acid 
0.125–1.25 29 This work 

 

Table S4. One electron redox potential of ROS and antioxidants. 

Redox couple  E0/V 
OH, H+/ H2O  2.33 

OCl-, 2H+/ Cl-, H2O  1.49 
ONOO-, 2H+/ NO2˙, H2O  1.4 

O2˙, 2H+/ H2O2  0.94 
H2O2, H+/ ˙OH, H2O  0.38 

NO2-, H2O/ NO, 2OH-  −0.46 
C2O42-/ 2CO2  −0.59 

BH4-, 8OH-/ H2BO3, 5H2O  −1.24 
   

 
 


