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Figure S1. Fluorescence lifetime decay of CDs in the absence and presence of FA.
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Figure S2. UV-vis spectra of the time dependent manner on CDs sensing for FA (the 
concentration of FA used is 1 mM).
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Figure S3. Fluorescence ratio response of CDs (50 g/mL) to various species (1 mM), 
including FA (1), amino acids (2. Lys, 3. Arg, 4. Tyr, 5. Trp, 6. Thr, 7. Ser, 8. Leu, 9. 
Ile, 10. His, 11. Pro, 12. Met, 13. Gln, 14. Glu, 15. Asn, 16. Asp, 17. Phe, 18. Val, 19. 
Ala, 20. Gly), cations (21. Zn2+, 22. Fe3+, 23. Fe2+, 24. Cu2+, 25. K+, 26. Ca2+, 27. Na+, 
28. Mg2+), PBS (29.10 mM pH=7.4 PBS), proteins (30. HSA: human serum albumin, 
31. bovine serum albumin, 32. albumin from chicken egg white), serum (33. fetal 
bovine serum), culture medium (34. high glucose Dulbecco's modified Eagle medium).
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Figure S4. The fluorescence ratio values of CDs with or without FA at different pH 
values. 
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Figure S5. FTIR spectra of CDs and the product after reaction with FA.
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Figure S6. Cell viability of HeLa cells after incubated with a series concentrations of 
CDs (the viability of the cells without CDs is defined as 100%). The results are the 
mean SD of six separate measurements.
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Figure S7. Fluorescence images of HeLa cells after being incubated with CDs (10-30 
μg/mL) at 37 oC for 10 min. The images were collected in bright field (A1-C1), 
450−550 nm (A2-C2) and 550−650 nm (A3-C3) with the excitation wavelength at 
405 nm. Scale bar: 20 μm.
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Figure S8. Fluorescence images of HeLa cells which incubated with CDs in the 
presence of NaHSO3 or FA. (A) HeLa cells with a treatment of 200 μM NaHSO3 for 
30 min before incubated with CDs (30 μg/mL, 10 min). (B) HeLa cells were 
incubated with CDs (30 μg/mL) for 10 min. (C) HeLa cells with a treatment of  200 
μM FA for 20 min before incubated with CDs (30 μg/mL, 10 min). (D) HeLa cells 
with a treatment of 400 μM FA for 20 min before incubated with the CDs (30 μg/mL, 
10 min). The images were collected in bright field (A1-D1), 450−550 nm (green 
channel) (A2-D2) and 550−650 nm (orange red channel) (A3-D3) with the excitation 
wavelength at 405 nm. Scale bar: 20 μm.
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Figure S9. The hydrodynamic diameter distribution of CDs (A) and the product after 
reaction with FA (B).



S-13

0.0

0.2

0.4

0.6

0.8

1.0

1.2

FA-CDs 

Ze
ta

 p
ot

en
tia

ls
 (m

V
)

CDs

Figure S10. The zeta potential of CDs and the product after reaction with FA.
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Figure S11. High-resolution XPS spectra of C1s (A), O1s (B) and F1s (C) peaks of 
CDs. (A) The peaks at 283.9 eV for C-F, 284.5 eV for C-C/C-H, 285.3 eV for C-N, 
286.3 eV for C-O. (B) The peaks at 531.8 eV for C=O, 532.8 eV for C-O. (C) The 
peaks at 686.1 eV for C-F (between sp2 C and F), 687.7 eV for C-F (between sp3 C 
and F).
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Figure S12. The photograph of CDs under 405 nm light irradiation.
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Table S1. Comparison of the reaction time of the developed method for the 

determination of FA with published methods.
Fluorescent Probe Reaction time Reference

Si NN

NH

HOOC

FAP-1

2 h S1

NO O

N

O

HN
NH2

Na-FA-Lyso

30 min S2

NO O

HN
NH2

Na-FA

30 min S3

O OO

OMe

NH2

6

2 h S4

NO O

O

HN
NH2

X-2

O

S
NH

HN O 8 min S5

HO
H
N

OH

OH

OH

18F

FAC-FDG-1

1 h S6

Si ON

N

NH

O2N

FP1

3 h S7

HO

NH2

RFFP

3 h S8

N

N

NH2

FAP

2 h S9

ON O

NH2

HO

RFAP-0

2 h S10
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MeO

O

O
Cl

O
OO

NH2

CFAP540

1 h S11

N
NH2

MQAP
O

2.5 h S12

NO O
NH2

ANI

3 min S13

NH2

N
B

N
F F

BOD-NH2

2 h S14

CDs 5 min This work
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