







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature materials

	perspectives

	
                                    article


    
        
        
            
            
                
                    	Perspective
	Published: 25 February 2020



                    Molecular enhancement of heterogeneous CO2 reduction

                    	Dae-Hyun Nam 
            ORCID: orcid.org/0000-0002-0871-13551 na1, 
	Phil De Luna 
            ORCID: orcid.org/0000-0002-7729-88161,2,3 na1, 
	Alonso Rosas-Hernández 
            ORCID: orcid.org/0000-0002-0812-55914,5, 
	Arnaud Thevenon 
            ORCID: orcid.org/0000-0002-5543-65954,5, 
	Fengwang Li 
            ORCID: orcid.org/0000-0003-1531-29661, 
	Theodor Agapie4,5, 
	Jonas C. Peters4,5, 
	Osama Shekhah 
            ORCID: orcid.org/0000-0003-1861-92266, 
	Mohamed Eddaoudi 
            ORCID: orcid.org/0000-0003-1916-98376 & 
	…
	Edward H. Sargent 
            ORCID: orcid.org/0000-0003-0396-64951 

Show authors

                    

                    
                        
    Nature Materials

                        volume 19, pages 266–276 (2020)Cite this article
                    

                    
        
            	
                        32k Accesses

                    
	
                        416 Citations

                    
	
                            14 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Engineering
	Materials science


    


                
    
    

    
    

                
            


        
            Abstract
The electrocatalytic carbon dioxide reduction reaction (CO2RR) addresses the need for storage of renewable energy in valuable carbon-based fuels and feedstocks, yet challenges remain in the improvement of electrosynthesis pathways for highly selective hydrocarbon production. To improve catalysis further, it is of increasing interest to lever synergies between heterogeneous and homogeneous approaches. Organic molecules or metal complexes adjacent to heterogeneous active sites provide additional binding interactions that may tune the stability of intermediates, improving catalytic performance by increasing Faradaic efficiency (product selectivity), as well as decreasing overpotential. We offer a forward-looking perspective on molecularly enhanced heterogeneous catalysis for CO2RR. We discuss four categories of molecularly enhanced strategies: molecular-additive-modified heterogeneous catalysts, immobilized organometallic complex catalysts, reticular catalysts and metal-free polymer catalysts. We introduce present-day challenges in molecular strategies and describe a vision for CO2RR electrocatalysis towards multi-carbon products. These strategies provide potential avenues to address the challenges of catalyst activity, selectivity and stability in the further development of CO2RR.
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                    Fig. 1: Molecularly enhanced heterogeneous CO2RR electrocatalysts.


Fig. 2: Classification of molecularly enhanced heterogeneous CO2RR electrocatalysts.


Fig. 3: Examples of action modes of molecular approaches on heterogeneous CO2RR catalysts.


Fig. 4: Future challenges for molecular strategies.
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