







    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 Materials]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature materials

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 18 March 2019



                    Pressure promoted low-temperature melting of metal–organic frameworks

                    	Remo N. Widmer 
            ORCID: orcid.org/0000-0001-7664-47911, 
	Giulio I. Lampronti 
            ORCID: orcid.org/0000-0002-1430-34461, 
	Simone Anzellini 
            ORCID: orcid.org/0000-0003-0091-39022, 
	Romain Gaillac 
            ORCID: orcid.org/0000-0002-7392-68033, 
	Stefan Farsang1, 
	Chao Zhou 
            ORCID: orcid.org/0000-0003-0218-31144, 
	Ana M. Belenguer5, 
	Craig W. Wilson6, 
	Hannah Palmer7, 
	Annette K. Kleppe2, 
	Michael T. Wharmby 
            ORCID: orcid.org/0000-0002-1764-05012,8, 
	Xiao Yu9, 
	Seth M. Cohen 
            ORCID: orcid.org/0000-0002-5233-22809, 
	Shane G. Telfer 
            ORCID: orcid.org/0000-0003-1596-665210, 
	Simon A. T. Redfern 
            ORCID: orcid.org/0000-0001-9513-01471, 
	François-Xavier Coudert 
            ORCID: orcid.org/0000-0001-5318-39103, 
	Simon G. MacLeod6,11 & 
	…
	Thomas D. Bennett 
            ORCID: orcid.org/0000-0003-3717-31197 

Show authors

                    

                    
                        
    Nature Materials

                        volume 18, pages 370–376 (2019)Cite this article
                    

                    
        
            	
                        13k Accesses

                    
	
                        133 Citations

                    
	
                            40 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Metal–organic frameworks
	Phase transitions and critical phenomena
	Structure of solids and liquids


    


                
    
    

    
    

                
            


        
            abstract
Metal–organic frameworks (MOFs) are microporous materials with huge potential for chemical processes. Structural collapse at high pressure, and transitions to liquid states at high temperature, have recently been observed in the zeolitic imidazolate framework (ZIF) family of MOFs. Here, we show that simultaneous high-pressure and high-temperature conditions result in complex behaviour in ZIF-62 and ZIF-4, with distinct high- and low-density amorphous phases occurring over different regions of the pressure–temperature phase diagram. In situ powder X-ray diffraction, Raman spectroscopy and optical microscopy reveal that the stability of the liquid MOF state expands substantially towards lower temperatures at intermediate, industrially achievable pressures and first-principles molecular dynamics show that softening of the framework coordination with pressure makes melting thermodynamically easier. Furthermore, the MOF glass formed by melt quenching the high-temperature liquid possesses permanent, accessible porosity. Our results thus imply a route to the synthesis of functional MOF glasses at low temperatures, avoiding decomposition on heating at ambient pressure.
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                    Fig. 1: Crystal structure of ZIF-62 and experimental set-up.[image: ]


Fig. 2: Experimentally derived P–T phase diagram for ZIF-62.[image: ]


Fig. 3: Structural evolution of ZIF-62 in P–T space.[image: ]


Fig. 4: Potential of mean force for the Zn–N distance (r), and dynamics of Zn–N cleavages.[image: ]
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