







    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 Reviews Materials]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature reviews materials

	review articles

	
                                    article


    
        
        
            
            
                
                    	Review Article
	Published: 01 March 2017



                    Transport of ions and electrons in nanostructured liquid crystals

                    	Takashi Kato1, 
	Masafumi Yoshio1, 
	Takahiro Ichikawa2, 
	Bartolome Soberats3, 
	Hiroyuki Ohno2 & 
	â€¦
	Masahiro Funahashi4Â 

Show authors

                    

                    
                        
    Nature Reviews Materials

                        volumeÂ 2, ArticleÂ number:Â 17001 (2017)
            Cite this article
                    

                    
        
            	
                        6024 Accesses

                    
	
                        328 Citations

                    
	
                            3 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Electronic properties and materials
	Liquid crystals
	Materials for devices
	Self-assembly


    


                
    
    

    
    

                
            


        
            Abstract
The nanosegregated structures of columnar, smectic and bicontinuous cubic liquid crystals can provide well-organized, nano- and sub-nanosized 1D, 2D and 3D channels capable of ion and electron transport. The molecular shape, intermolecular interactions and nanosegregation of the molecular structures can influence their self-assembly into a range of functional liquid-crystalline nanostructures. The formation of stable and soft liquid-crystalline materials leads to their application as electrolytes for batteries and photovoltaics, semiconductors, electroluminescence and electrochemical devices. In addition, electrochemical devices are obtained by using redox-active liquid crystals. In this Review, we focus on the design of liquid-crystalline phases, the resultant self-assembled structures, the transport mechanisms, and the fabrication, function and future development of devices incorporating nanostructured liquid crystals.
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                    Figure 1: A timeline of the molecular design of liquid crystals.[image: ]


Figure 2: A timeline of the development of liquid crystals for transport.[image: ]


Figure 3: Dimension control of ion conduction channels.[image: ]


Figure 4: Orientation control of smectic liquid-crystalline domains.[image: ]


Figure 5: Orientation control of columnar liquid-crystal domains.[image: ]


Figure 6: The design of charge-transport (electron or hole) liquid crystals.[image: ]


Figure 7: The design of charge-transport (electron or hole) smectic and nematic liquid crystals and their chiral derivatives.[image: ]


Figure 8: Organic electronic devices using charge-transport liquid crystals.[image: ]


Figure 9: Redox-active liquid-crystalline materials.[image: ]
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