







    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 chemistry

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 20 January 2020



                    Global aromaticity at the nanoscale

                    	Michel Rickhaus 
            ORCID: orcid.org/0000-0002-6107-23101 na1 nAff3, 
	Michael Jirasek1 na1, 
	Lara Tejerina1, 
	Henrik Gotfredsen 
            ORCID: orcid.org/0000-0002-9559-71901, 
	Martin D. Peeks 
            ORCID: orcid.org/0000-0002-9057-94441,2, 
	Renée Haver1, 
	Hua-Wei Jiang1, 
	Timothy D. W. Claridge 
            ORCID: orcid.org/0000-0001-5583-64601 & 
	…
	Harry L. Anderson 
            ORCID: orcid.org/0000-0002-1801-81321 

Show authors

                    

                    
                        
    Nature Chemistry

                        volume 12, pages 236–241 (2020)Cite this article
                    

                    
        
            	
                        21k Accesses

                    
	
                        115 Citations

                    
	
                            459 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Organic chemistry
	Supramolecular chemistry


    


                
    
    

    
    

                
            


        
            Abstract
Aromaticity can be defined by the ability of a molecule to sustain a ring current when placed in a magnetic field. Hückel’s rule states that molecular rings with [4n + 2] π-electrons are aromatic, with an induced magnetization that opposes the external field inside the ring, whereas those with 4n π-electrons are antiaromatic, with the opposite magnetization. This rule reliably predicts the behaviour of small molecules, typically with fewer than 22 π-electrons (n = 5). It is not clear whether aromaticity has a size limit, or whether Hückel’s rule extends to much larger macrocycles. Here, we present evidence for global aromaticity in porphyrin nanorings with circuits of up to 162 π-electrons (n = 40); aromaticity is controlled by changing the constitution, oxidation state and conformation. Whenever a ring current is observed, its direction is correctly predicted by Hückel’s rule. The largest ring currents occur when the porphyrin units have fractional oxidation states.
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                    Fig. 1: 1H NMR spectra of the aromatic and antiaromatic six-porphyrin nanoring template complexes in oxidation states 2+, 4+ and 6+.


Fig. 2: Magnetic shielding plotted in the xz plane perpendicular to the plane of the nanoring.


Fig. 3: Hückel behaviour in a template-bound eight-porphyrin ring.


Fig. 4: Ring currents in topologically distinct 12-porphyrin ring complexes.


Fig. 5: Summary of the shielding and deshielding of the trihexylsilyl groups across eight different nanorings.



                


                
                    
                
            

            
                Data availability


All relevant data, including raw computational data from the NICS calculations as well as XYZ coordinates of calculated molecular geometries, are available within the paper and its Supplementary Information files. The NMR data are presented in detail in the main Supplementary Information file and are available upon reasonable request from the authors.
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