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Quantum yield measurement  

The quantum yield of SCDs was calculated at an excitation wavelength of 360 nm by the 

following equation,[1]  
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Where ‘Q’, ‘I’, ‘A’ and ‘η’ represent quantum yield, intensity of luminescent spectra, absorbance 

at particular exited wavelength and refractive index of the solvent, respectively. The subscript 

‘R’ and ‘U’ stand for the reference and unknown QY of SCDs, respectively.  Quinine sulfate in 

0.1 M H2SO4 was used as standard and its quantum yield (QY) is known to be 54% in 0.1 M 

H2SO4 solution. 

Antioxidant Activity of SCDs 

The free radical scavenging capacities of different concentrations of SCDs were evaluated using 

DPPH. Briefly, different concentrations of SCDs were introduced into a 100 µM methanolic 

solution of DPPH. The mixture solutions were incubated in the dark for 30 min. After 30 min in 

the dark, the absorbance at 515 nm was measured. The DPPH free radical scavenging was 

calculated by the following equation: 

Scavenging activity (%) = (Ac - As)/Ac    (2) 

Where Ac and As represent absorbance in the absence and presence of SCDs, respectively. 

The scavenging of OH free radicals was examined using Fenton's reaction (Brillas et al. 2009). 

First, 500 μL of 1.8 mM FeCl2 was added to 375 μL of an ethanolic solution containing 1.8 mM 

salicylic acid. The different concentrations of SCDs were added to the mixture, followed by 25 
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μL of 100 mM H2O2. After 10 minutes at 37 °C, the mixture was centrifuged at 5000 rpm for 3 

minutes. Next, 150 μL of the supernatant was dispensed into a 96-well plate. The photolysis of 

H2O2 produced OH radicals. The absorbance at 510 nm was measured, and the scavenging 

activity was determined using Equation 2. 

For the KMnO4 reduction test, a 1 mM acidic KMnO4 solution was prepared. The various 

concentrations of SCDs were thoroughly mixed with the KMnO4 solution in a 1:3 ratio. After 20 

min incubation in the dark, the mixture was centrifuged at 5000 rpm for 3 min. Next, 150 μL of 

the supernatant was dispensed into a 96-well plate and absorbance at 515 nm was then measured. 

The KMnO4 radical scavenging activity was determined using Equation 2. 

 

 

Table S1 Different types of doped and non-doped CDs and their quantum yield  

Precursors  Doping atom Quantum yield (%) Ref.  

Citric acid, 

ethylendiamine 

Nitrogen 80.6 [2] 

Sodium citrate, 

ethylendiamine 

Nitrogen 21.6 [2] 

Citric acid, 

Hexamethylenetetramine 

Nitrogen 17 [3] 

Glucose  - 7 [4] 

m-phenylenediamine Nitrogen 4.8 [5] 

Cysteine Nitrogen, sulfur -- [6] 

Histidine Nitrogen 10.7 [7] 

Citric acid, urea Nitrogen 36 [8] 

Acrylic acid, 

ethylenediamine 

Nitrogen 30.5 [9] 

Calcium citrate Calcium, nitrogen 10.1 [10] 

Citric acid, 

Triethylenetetraamine 

Nitrogen 33.4 [11] 

Citric acid, 

Triethanolamine 

Nitrogen  7 [3] 

Citric acid, n-

heptylamine 

Nitrogen 7.7 [2] 

Gelatin Nitrogen 31.6 [12] 

Xylan, hydroxylamine Nitrogen  16 [13] 

Branched 

polyethyleneimine 

Nitrogen 54.3 [14] 

Biomass --- 33.3 [15] 

Sulfur, ethylendiamine Nitrogen, sulfur 54.1 This work 



 

 

 

Figure S1 EDS spectrum of CDs 

 

 

 

Figure S2 UV-vis spectrum of ethylene based N-doped CDs 



 

 

 

 

Figure S3 PL spectrum of of ethylene based N-doped CDs 

 



 

 

Figure S4 DPPH radicals scavenging activity of the CDs  

 

 

 

  

Figure S5 Hydroxyl radicals scavenging activity of the CDs  

 



 

 

Figure S6 KMnO4 radicals scavenging activity of the CDs  

 

 

 

 

Figure S7 In vitro cytotoxicity assay of ethylenediamine derived CDs in different concentrations. 

The study was performed against fibroblast 3T3 cell lines.   
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