







    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]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 01 February 2007



                    A molecular information ratchet

                    	Viviana Serreli1, 
	Chin-Fa Lee1, 
	Euan R. Kay1 & 
	â€¦
	David A. Leigh1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 445,Â pages 523â€“527 (2007)Cite this article
                    

                    
        
            	
                        10k Accesses

                    
	
                        577 Citations

                    
	
                            21 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Motor proteins and other biological machines are highly efficient at converting energy into directed motion and driving chemical systems away from thermodynamic equilibrium1. But even though these biological structures have inspired the design of many molecules that mimic aspects of their behaviour2,3,4,5,6,7,8,9,10,11,12,13,14,15, artificial nanomachine systems operate almost exclusively by moving towards thermodynamic equilibrium, not away from it. Here we show that information about the location of a macrocycle in a rotaxaneâ€”a molecular ring threaded onto a molecular axleâ€”can be used, on the input of light energy, to alter the kinetics of the shuttling of the macrocycle between two compartments on the axle. For an ensemble of such molecular machines, the macrocycle distribution is directionally driven away from its equilibrium value without ever changing the relative binding affinities of the ring for the different parts of the axle. The selective transport of particles between two compartments by brownian motion in this way bears similarities to the hypothetical task performed without an energy input by a â€˜demonâ€™ in Maxwellâ€™s famous thought experiment16,17,18,19. Our observations demonstrate that synthetic molecular machines can operate by an information ratchet mechanism20,21,22, in which knowledge of a particleâ€™s position is used to control its transport away from equilibrium.
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                    Figure 1: 
                        A photo-operated molecular information ratchet.
                      [image: ]


Figure 2: 
                        1
                        H NMR spectra (600â€‰MHz, CD
                        
                        3
                        OD, 298â€‰K) of a working nanomachine.
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Figure 3: 
                        Operation of a molecular information ratchet.
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Figure 4: Operation of rotaxane 2, featuring only intermolecular photosensitization of the Î±-methyl stilbene gate.[image: ]
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        Editorial Summary
Confront your demons
In his classic thought experiment of 1867, James Clerk Maxwell imagined a tiny demon guarding a trapdoor separating two gas-filled compartments. By allowing only fast-moving molecules to pass from left to right, and slowmoving molecules right to left, the demon induces heating in the right compartment and cooling in the left. Such shifts from equilibrium violate the second law of thermodynamics. A team from the School of Chemistry at the University of Edinburgh â€” a cab ride from Maxwell's birthplace â€” has now developed a molecular 'machine' that mimics the battle of Maxwell's demon against equilibrium. The new demon is a specially designed rotaxane â€” a molecular ring threaded onto a central axle with binding sites where the ring can attach. Previous rotaxane machines were activated by disturbing the ring binding pattern; the ring shuttled between binding sites and moved the system back towards equilibrium. In the new rotaxane, information about ring location is used to move the system away from equilibrium. But the second law survives the assault, as it costs energy (provided as light) to gather and transfer molecular information.
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