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The synthesis of N-CDs-1[1] 

In a typical procedure, 10 mM of the citric acids and 2.5 mM niacinamide were filled into 15 ml Teflon inners, respectively. 
Ultrapure water was added until the mixtures were completely dissolved, and then heated the inners in a 70 °C water bath until 
the liquid became a viscous solution. Then, the solution was placed into a stainless-steel reactor and reacted at 200 °C for 5 h. The 
solid products were completely dissolved by adding sodium hydroxide. The solutions were placed into a 1000 Dalton dialysis 
bag and dialyzed for 3 d. Then, the sample was lyophilized to obtain the c-CDs. 

The synthesis of N-CDs-2[2] 

Typically, 3.6782 g of l-Glu (0.025 mol) and 0.2703 g of MPD (0.0025 mol) were added to 100 mL of ultrapure water. After 30 min 
of magnetic stirring, the mixture was transferred to a 250 mL Teflon reactor and allowed to react at 200 °C for 6 h. When the 
reactor was cooled to room temperature, a solution of CQDs was obtained. Then, the sample was lyophilized to obtain the product. 

The detection of metal ions 

N-CDs-1: 600 µL of N-CDs-1 solution was added into 9mL ultra-water for dilution and named as A solution. Then 300 µL metal 
ions solution (0.2 mol/L) was added and ultrasonic for 5min. After that, the PL intensity of mixed solution was measured at 410 
nm. Additionally, a series of Fe3+ solutions with concentration of 30-1000 µM were prepared and 300 L Fe3+ solution was mixed 
with diluted N-CDs-1 (A solution). After ultrasonic for 5 min, the PL intensity of mixed solution was measured at 410 nm to 
conduct interference test. Also, the operations of up-conversion PL system were same as above but the excitation wavelength was 
808 nm.   
N-CDs-2: 200 µg/mL N-CDs-2 solution was mixed with metal ions solution (1 mg/mL) with ratio of 4:1, and then the PL intensity 
of mixed solution was measured at 380 nm. Additionally, a series of Fe3+ solutions with concentration of 25-750 mg/mL was 
prepared. 200 µL N-CDs-2 solution and 300 µL Fe3+ ions solution were added into 2.5 mL ultra-water. And then the PL intensity 
of mixed solution was measured at 410 nm to study interference test. 
 
 
 
 
 
 
 
 
 
 



Characterizations 

 

Figure S1. The trends of the quantum yield fluorescence of N-doped carbon dots at different ratio of carbon source and nitrogen 

source (a), reaction temperature (b), reaction time (c). 
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Figure S2. The Zeta potential of DN-CDs under different pH. 

 

 



 
Figure S3. The DLS of DN-CDs in aqueous solution at (a) pH = 1, (b) pH = 7 and (c) pH = 13.  
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Figure S4. The Raman spectrum of DN-CDs. 

 

  



 

 
Figure S5. The EDS of DN-CDs. 
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Figure S6. The up-conversion PL spectra of DN-CDs. (The emission spectrum at maximum excitation wavelength at 820 nm and 

the excitation spectrum at the maximum emission wavelength of 450 nm). 
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Figure S7. The CV plot of DN-CDs. 

 
 
 
 
 
 
 



 
Figure S8. (a-c) The fluorescence emission spectra at λex = 450 nm and λex = 600 nm and FT-IR spectra of N-CDs-1; (d-e) The 

fluorescence emission spectra at λex = 380 nm and FT-IR spectra of N-CDs-2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S9. The PL quenching efficiency of (a) N-CDs-2 at λex = 380 nm and (c) N-CDs-1 at λex = 410 nm and (e) at λex = 808 nm 

at different concentration of Fe3+ ions and the linear relationship between PL intensity and Fe3+ ions (‘F0’ is PL intensity in the 

absence of Fe3+ ions and ‘F’ is in the presence of Fe3+ ions) of (b) N-CDs-2 at λex = 380 nm, (d) N-CDs-1 at λex = 410 nm and (f) at 

λex = 808 nm. 
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Table. S1 The detection parameters for selective detection of metal ions (Cu2+ and Fe3+) with different N-doped carbon dots. 

Carbon source method 

Atom 

ratio(C

:O:N) 

N/O QY Functional group 
The detection 

of metal ions 
LOD 

Range of 

detection 
Ref. 

benzylchloroformate 
Hydrothermal 

method 

76.82: 

17.95: 

3.96 

0.22 31.5% Amine, boronic acid Fe3+ 0.1 µM 1-80 µM [3] 

Porphyromonas 

gingivalis 

hydrothermal 

method 

71.30: 

21.53: 

6.54 

0.30 4.83 % Hydroxyl, amine Fe3+ 1.85 µM 0-500 µM [4] 

hydroquinone 

High-

temperature 

feflux 

74.10: 

20.7: 

5.20 

0.25 0.59 % Hydroxyl, amine Fe3+ 0.86 µM 0-60 µM [5] 

N-methyl-2-

pyrrolidone 

Hydrothermal 

method 

67.5: 

23.3: 

9.3 

0.40 32.5% Hydroxyl, amine Fe3+ 59 nM 0-50 uM [6] 

L-cysteine 
Hydrothermal 

method 

59.0: 

27.2: 

6.5 

0.24 / Carboxyl. amine Fe3+ 69 nM 
0.3-20 

uM 
[7] 

Waste biomass 
Hydrothermal 

method 

63.0: 

31.0: 6 
0.19 7% 

Hydroxyl, carboxyl 

and amine 
Fe3+ 1.4 uM 5-25 uM [8] 

hydroquinone 
hydrothermal 

method 

60.1: 

27.3: 

11.0 

0.40 19.20 % Silicon-based Fe3+ / 0-120 µM [9] 

p-Coumaric acid 
hydrothermal 

method 

80.9: 

6.4: 

12.7 

1.98 34.4% 
hydroxyl, amine, and 

carbonyl 
Cu2+ 10 nM 0-10 uM [10] 

Oil red O 
solvothermal 

method 

76.1: 

10.1: 

13.8 

1.37 68% 
Amide, amine and 

carbonyl 
Cu2+ 4 nM 

0.01-50 

uM 
[11] 

O-phenylenediamine carbonization 

74.9: 

7.8: 

17.2 

2.21 / Carboxyl, amine Cu2+ 145 nM 6-33 uM [12] 

Citric acid 
Solvothermal 

method 

51.5: 

26.0: 

22.5 

0.87 41% 
N-based functional 

groups 
Cu2+ 40 nM 1-10 uM [13] 

L-cysteine carbonization 

63.9: 

10.9: 

24.10 

2.21 / Amine, hydroxyl Cu2+ 47 nM 

0.05-

0.7/0.7-4 

uM 

[14] 

Adenosine 
Hydrothermal 

method 

66.0: 

19.0: 

15.0 

0.79 / 
hydroxyl, amine, and 

carbonyl 
Cu2+ 23 nM 0-10 uM [15] 

Iron(II) 

phthalocyanine 

Hydrothermal 

method 

76.6: 

7.1: 
2.24 / amine Cu2+ 14 nM 

0.02-30 

µM 
[16] 



15.9 

Table. S2 The detection of Cu2+ in real samples. 

Sample Added Cu2+(µM) Found Cu2+(µM) Recovery(%) RSD(n=3，%) 
Tap water 10 9.54±0.17 95.4±1.7 0.97 

 20 21.06±0.16 105.3±0.8 0.20 

 30 29.5±0.3 98.3±1.0 0.11 

Jinjiang river 10 10.62±0.14 106.2±1.4 0.16 

 20 21.18±0.12 105.9±0.6 0.26 

 30 28.84±0.06 96.1±0.2 0.09 

Lots pond 10 10.52±0.15 105.2±1.5 0.69 

 20 21.30±0.19 106.5±1.0 0.41 

 30 31.82±0.14 106.1±0.4 0.19 
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