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Abstract 

Nanoreactors as a kind of advanced materials have been widely applied in energy catalysis and 

biomedical application. Nanoreactors are like organelles that has special active sites for the catalytic 

reactions. The main characteristics of nanoreactors are such as controlling the reaction 

microenvironment, confinement effects, compartmentalization or accumulation of various types of 

elementary reactions. These characteristics would help improve the catalytic performance. Thus, the 

nanoreactors could be recognised as a special kind of sustainable catalytic materials. Herein, the 

purpose of our research is to design sustainable carbon-based nanoreactors to investigate the 

catalytic reactions of homogeneous catalysis in heterogeneous systems, in particularly for the 

conversion of small molecules (N2/H2O/CO2) and organic molecules (e.g., nitrobenzene, 

phenylacetylene). A confined Fe-Cu clusters on graphitic carbon nitride as sub-nanometer reactors 

was fabricated for efficiently regulating the electrochemical nitrogen reduction reaction [1]. We 
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provide new strategies of manipulating catalysts active centers at the sub-nanometer scale. 

Furthermore, a Ru/M@OG nanoreactor was designed to achieve exceptional electrochemical 

hydrogen evolution reaction performance, demonstrating that atomic metal species on the carbon 

substrate can remotely communicate with the supported metal nanoparticles, inducing synergistic 

electronic coupling with the nanoparticles and enabling the control of their electrocatalytic activity 

[2]. To precisely control the metal location and study the void-confinement effects, we synthesized a 

pair of hollow carbon sphere (HCS) nanoreactors with presynthesized PdCu nanoparticles 

encapsulated inside of HCS (PdCu@HCS) and supported outside of HCS (PdCu/HCS) [3]. It is 

found that hydrogenations of alkenes over PdCu@HCS are shape-selective catalysis. In addition, a 

yolk-shell-structured Pd&ZnO@Carbon submicroreactors are shown to be a highly selective catalyst 

(selectivity >99%) and superior catalytic stability for hydrogenation of phenylacetylene to 

phenylethylene [4]. The solvothermal treatment and carbonization process of uniform zeolitic 

imidazolate framework-8 (ZIF-8)@resin polymer core-shell structures leads to the generation of 

yolk–shell-structured ZnO@carbon. Therefore, the construction of artificial cells, namely carbon-

based nanoreactors with tunable structure, and the composition and properties are desirable for 

sustainable catalysis [5]. 
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