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Fig. S1 The effect of reaction time in the synthesis of the CDs. EX: 400 nm.

Fig. S2 FT-IR spectra of the CNDs and GQDs.

Fig. S3 AFM images of the (a) CNDs and (c) GQDs; (b) measured height profile along 

the white line in (a); (d) measured height profile along the white line in (c).



Fig. S4 Raman spectra of the (a) CNDs and (b) GQDs.

Fig. S5 The fluorescence lifetime intensity decays of the CNDs and GQDs. The 

fluorescence lifetimes of CNDs are 1.94 ns (1.70%), 76.88 ns (0.18%) and 4.40 ns 

(98.12%), while fluorescence lifetimes of GQDs are 1.09 ns (13.58%), 3.62 ns (73.02%) 

and 7.85 ns (13.40%). Therefore, the average fluorescence lifetimes of the CNDs and 

GQDs are calculated as 4.49 ns and 3.84 ns, respectively.

Fig. S6 The high-resolution XPS spectra of the CNDs and GQDs. (a) C1s; (b) N1s and (c) 

O1s spectra of CNDs. (d) C1s; (e) N1s and (f) O1s spectra of GQDs.



Table S1 XPS data analyses of the C1s spectra of two kinds of CDs samples.

Sample C-C/C=C C-O/C-N C=O

CNDs 57.0% 38.8% 4.2%

GQDs 58.5% 36.8% 4.7%

Table S2 XPS data analyses of the O1s spectra of two kinds of CDs samples.

Sample C=O

CNDs 37.5%

GQDs 55.3%

Table S3 XPS data analyses of the N1s spectra of two kinds of CDs samples.

Sample Pyridinic N C-N Oxidized N

CNDs 44.8% 55.2% /

GQDs 59.1% 39.8% 1.1%

Fig. S7 Variation in the PL intensities of CNDs and GQDs with the different pH value. 

(a) CNDs; (b) GQDs. EX, CNDs: 400 nm; EX, GQDs: 410 nm; cCNDs, 5 μg/ml; cGQDs, 15 μg/ml.



Fig. S8 The emission spectra of CNDs with different exposure times. (a) 0 min; (b) 5 

min; (c) 10 min and (d) 30 min. The powder of Xe lamp is 140 W. EX: 400 nm; cCNDs: 10 

μg/ml.

Table S4 Elemental analysis of CNDs with different exposure times.

Exposure time 
(min)

Carbon atom 
(%) 

Nitrogen atom 
(%)

Oxygen atom 
(%) 

0 72.40 17.00 10.60

5 72.90 13.15 13.95

10 70.16 13.82 16.02

30 66.69 17.26 16.05

Fig. S9 Cytotoxicity test of the (a) CNDs and (b) GQDs. The process of cytotoxicity test 

is as following: The 1.0 105 cells per mL human epidermoid cancer cells (HEp-2) in 

Roswell Park Memorial Institute 1640 (RPMI 1640) medium supplemented with 2% 



fetal bovine serum are added to each well of a 96-well plate (100 μL per well). The 

cells are firstly cultured for 24 h in an incubator (37 oC, 5% CO2) and for another 24 h 

after the culture medium being replaced with RPMI 1640 (100 μL) which contains 

different doses of CNDs/GQDs (10 μL). Then, following by removal of the culture 

medium, a mixture of 10 μL Cell Counting Kit-8 (CCK-8) solution and 90 μL RPMI 1640 

medium is added to each well. The optical density (OD) of the mixture is measured at 

450 nm with a Microplate Reader Model after 30 min. The cell viability is estimated 

according to the following equation:

Cell viability [%] = (ODtreated / ODcontrol)  100%

wherein, ODcontrol and ODtreated are obtained in the absence and presence of the 

CNDs/GQDs, respectively.

Fig. S10 Images of bean sprouts treated with different concentration of (a1-d1) CNDs 

and (a2-d2) GQDs solutions. Concentrations of CNDs/GQDs in vertical direction (from 

top to bottom) are 100, 50, 20, 0 g/mL, respectively.



Fig. S11 Fluorescence images of bean sprouts treated with different concentrations of 

(a) CNDs and (c) GQDs solutions under the 365 nm UV lights lamp. (b) and (d) are the 

corresponding three dimensional models of (a) and (c), respectively. Concentrations 

of CNDs /GQDs in the horizontal direction (from left to right) are 100, 50, 20, 0 g/ml, 

respectively.


