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Table S1. Analysis of C1s and N1s XPS spectra for CA, SO and CDs at different reaction times. 

C 1s 
Samples C sp2 C sp3/C–N C–OH O=C–NH O=C–OH 
CA  284.9 eV 

47.0 % 
285.6 eV 
16.3 %  289.0 eV 

36.7 % 
SO 284.7 eV 

70.7 % 
285.7 eV 
29.3 %    

CD0 (0 min) 284.7 eV 
36.2% 

285.6 eV 
36.2 % 

286.7 eV 
14.8% 

287.8 eV 
4.1 % 

289.0 eV 
8.7 % 

CD2.5 (2.5 min) 284.6 eV 
52.4% 

285.6 eV 
22.8% 

286.6 eV 
12.3% 

287.8 eV 
4.1 % 

289.0 eV 
5.7 % 

CD15 (15 min) 284.7 eV 
57.7 % 

285.6 eV 
19.6 % 

286.6 eV 
4.6% 

288.0 eV 
11.2 % 

288.9eV 
6.9 % 

 
N 1s 

Samples C=N–C C–NH2 C2–NH C3–N 

SO 398.8 eV 
30.6 % 

399.6 eV 
45.5 %  401.0 eV 

23.9 % 

CD0 (0 min) 397.8 eV 
23.9 % 

399.6 eV 
20.1 % 

400.2 eV 
20.9 % 

401.1 eV 
15.7 % 

CD2.5 (2.5 min) 398.7 eV 
39.5 % 

399.6 eV 
26.6 % 

400.2 eV 
23.4 % 

401.1 eV 
10.5 % 

CD15 (15 min) 398.6 eV 
18.4 % 

399.6 eV 
39.1 % 

400.3 eV 
25.6 % 

401.0 eV 
16.9 % 
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Figure S1. TGA profiles of CA, SO, and CD2.5 (2.5 minutes) (left); DSC profiles of CA, SO, and a 
combination of the two reagents (SO + CA) (right). 

 
Figure S1 shows on the left the TGA (left) of CA, SO precursors and CD2.5 sample in 
nitrogen atmosphere from 25 to 900 °C (performed with SDT Q 600 TA INSTRUMENTS). 
In the TGA profile of the CA is present the typical weight loss step (220 °C) due to poly-
condensation process, with H2O loss, and a second step with a smaller weight loss (~10%) 
around 250°C due to carbonization with release of CO and CO2 gases. In the SO curve, we 
observe at first an initial weight loss, probably due to residual solvent evaporation at 60°C 
(SO dye content around 97% mol/mol). After this step, the dye remains stable up to 300 
°C where a first thermal degradation is identified. The total weight loss of theCD2.5 sam-
ple does not reach the value of 0% at 900 °C, such as for CA, suggesting the presence of 
high temperature stable carbon compounds that include SO dye degraded species. 
The chemical reaction occurring during the thermal synthesis have been studied by DSC 
(Figure S1 right) using an heating ramp from 25 to 200 °C with a rate of 20°C min-1. The 
final temperature was kept for 10 minutes to simulate the synthesis conditions, and the 
heat flow variation was evaluated as a function of  the reaction time. 
The DSC profiles for the pure compounds of CA, SO, and CA + SO combination are in 
agreement with the TGA findings. The profile of the CA shows three endothermic events: 
a first one due to a slight loss of water; a second one relative to its melting temperature 
(around 150 °C, t = 7.5 min) and a third event related to both polycondensation and car-
bonization process. The SO curve shows, as in the TGA profile, an endothermic peak at 
about 60 °C attributed to residual solvent evaporation. Finally, SO-CA also shows 3 endo-
thermic peaks: the first due to CA water loss; the second related to the CA melting tem-
perature at 140 °C, lower than the pure citric acid, and finally, the last one at 200 °C asso-
ciated to the carbonization/degradation of the polymeric matrix. the second endothermic 
peak is attributed to the polymerization of CA since it is not correlated with a weight loss.  
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Figure S2. (a) Normalized FTIR spectra in the range between 1500 and 1800 cm−1. (b) and (c) decon-
volution analysis of the three main bands at 1703 cm−1, 1636 (C=O; amide I) and 1561 cm−1 (NH; 
amide II) of CD0 and CD15. 
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Figure S3. X-Ray photoelectron spectroscopy (XPS) analysis of CA and SO (C1s (a) and N1s (b) 
photoemission spectra). 
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Figure S4. 3D Fluorescence spectra (emission (x-scale), excitation (y-scale), intensity (false colour 
scale)) of SO in solution at a concentration of 0.01 mg mL−1. 

 

 
Figure S5. Normalized PL intensity decay under excitation at 532 nm CD2.5 in solution and in solid-
state at 365 nm. 
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Figure S6. PL spectrum of solid-state CD2.5 acquired with excitation of λ=365 nm. 

 

 


