







    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

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Energy]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature energy

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 10 May 2021



                    Non-fullerene acceptors with branched side chains and improved molecular packing to exceed 18% efficiency in organic solar cells

                    	Chao Li1Â na1, 
	Jiadong Zhou2Â na1, 
	Jiali Song1, 
	Jinqiu Xu3, 
	Huotian ZhangÂ 
            ORCID: orcid.org/0000-0002-9302-41294, 
	Xuning Zhang1, 
	Jing Guo5, 
	Lei ZhuÂ 
            ORCID: orcid.org/0000-0003-3971-02993, 
	Donghui Wei6, 
	Guangchao Han7, 
	Jie MinÂ 
            ORCID: orcid.org/0000-0003-0447-37645, 
	Yuan Zhang1, 
	Zengqi Xie2, 
	Yuanping YiÂ 
            ORCID: orcid.org/0000-0002-0052-93647, 
	He YanÂ 
            ORCID: orcid.org/0000-0003-1780-83088, 
	Feng GaoÂ 
            ORCID: orcid.org/0000-0002-2582-17404, 
	Feng LiuÂ 
            ORCID: orcid.org/0000-0002-5572-85123 & 
	â€¦
	Yanming SunÂ 
            ORCID: orcid.org/0000-0001-7839-31991,9Â 

Show authors

                    

                    
                        
    Nature Energy

                        volumeÂ 6,Â pages 605â€“613 (2021)Cite this article
                    

                    
        
            	
                        27k Accesses

                    
	
                        1318 Citations

                    
	
                            13 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Materials for energy and catalysis
	Solar cells


    


                
    
    

    
    

                
            


        
            Abstract
Molecular design of non-fullerene acceptors is of vital importance for high-efficiency organic solar cells. The branched alkyl chain modification is often regarded as a counter-intuitive approach, as it may introduce an undesirable steric hindrance that reduces charge transport in non-fullerene acceptors. Here we show the design and synthesis of a highly efficient non-fullerene acceptor family by substituting the beta position of the thiophene unit on a Y6-based dithienothiophen[3,2-b]-pyrrolobenzothiadiazole core with branched alkyl chains. It was found that such a modification to a different alkyl chain length could completely change the molecular packing behaviour of non-fullerene acceptors, leading to improved structural order and charge transport in thin films. An unprecedented efficiency of 18.32% (certified value of 17.9%) with a fill factor of 81.5% is achieved for single-junction organic solar cells. This work reveals the importance of the branched alkyl chain topology in tuning the molecular packing and blend morphology, which leads to improved organic photovoltaic performance.
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                    Fig. 1: Molecular structures, photophysical properties and photovoltaic properties.[image: ]


Fig. 2: Single-crystal structures and molecular packing properties of NFAs.[image: ]


Fig. 3: Morphology characterization of blend films.[image: ]


Fig. 4: Energy loss analysis in PM6:NFA solar cells.[image: ]
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