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Procedure to determine the possible active oxygen species generated on the 
catalyst:  
Typically, NC-900 (50 mg) was added into 5 mL H2O2 (35 wt%) and 5 mL H2O. The mixture 

was treated at 80 oC for 1 h under magnetic stirring, then the solid was filtered from the 

solution. The resulting solid was characterized using C1s XPS analysis to determine the 

formation of active oxygen species. 
 

 

 

Figure S1. XRD patterns of NC-x catalysts. 
 



 

 
Figure S2. High resolution XPS spectra of N 1s for NC-x catalysts. 

	

 
Figure S3. Representation of three chemical bonding configurations in the synthesized 

NC-x samples. 

	 	



 

Table S1 Compositions of NC-x catalysts 

Samples 
Elemental analysis (wt%) XPS N 1s (at %) 

N C N-6 N-5 N-Q 

NC-900 14.29 63.59 47.56 27.6 24.84 

NC-800 22.47 55.63 61.98 23.66 14.37 

NC-700 23.71 47.85 58.52 32.78 8.7 

NC-600 24.94 44.19 87.3 6.16 6.5 

g-C3N4 60.81 34.34 80.63 17.52 1.85 

biomass-derived NC 4.19 90.57 55.45 39.80 4.71 

 

 

	
Figure S4. N2 adsorption-desorption isotherm for ZIF-8 and various ZIF-8-derived NC. 
 

 

 

 

 



 

 
Figure S5 Relationship between the BET specific surface area of the NC-x catalyst with 

MA yield. 
 

 
Figure S6. HPLC profile of reaction mixture; Reaction condition: Furfural (1 mmol), H2O 

(5 mL), NC-900 (50 mg), H2O2 (5 mL; 35 wt%), time 5 h, temperature 80 ºC. 
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Figure S7. Effect of scavenging agent on the furfural oxidation into MA. Reaction 

condition without anti-radical agent: furfural (1 mmol), NC-900 catalyst (50 mg), H2O2 5 

mL (35 wt%), water 5 mL, temperature 80 ºC. 

In the presence of anti-radical agent, 2 mmol of Gallic acid was added into the reaction 

mixture, other parameters remained similar. As shown in the Figure S7, the MA yield 

significantly decreased in the presence of the Gallic acid. Suggesting that the furfural 

oxidation could follow a radical mechanism. 

 

 
Figure S8. High resolution XPS spectrum of N 1s for spent NC-900 catalyst. 



 

 

 
Figure S9. High resolution XPS spectra of N 1s for a) biomass-derived NC and b) g-C3N4. 

 
Figure S10. XRD of biomass-derived NC. 
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Figure S11. XRD of melamine-derived g-C3N4. 

 

 
Figure S12. Purification method for the MA. 
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