







    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



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 09 September 2020



                    Evidence for supercritical behaviour of high-pressure liquid hydrogen

                    	Bingqing ChengÂ 
            ORCID: orcid.org/0000-0002-3584-96321,2,3, 
	Guglielmo MazzolaÂ 
            ORCID: orcid.org/0000-0002-8982-51694, 
	Chris J. PickardÂ 
            ORCID: orcid.org/0000-0002-9684-54325,6 & 
	â€¦
	Michele CeriottiÂ 
            ORCID: orcid.org/0000-0003-2571-28327,8Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 585,Â pages 217â€“220 (2020)Cite this article
                    

                    
        
            	
                        14k Accesses

                    
	
                        86 Citations

                    
	
                            285 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Giant planets
	Phase transitions and critical phenomena


    


                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                     Matters Arising to this article was published on 15 December 2021

                
            
        

    

    
    

                
            


        
            Abstract
Hydrogen, the simplest and most abundant element in the Universe, develops a remarkably complex behaviour upon compression1. Since Wigner predicted the dissociation and metallization of solid hydrogen at megabar pressures almost a century ago2, several efforts have been made to explain the many unusual properties of dense hydrogen, including a rich and poorly understood solid polymorphism1,3,4,5, an anomalous melting line6 and the possible transition to a superconducting state7. Experiments at such extreme conditions are challenging and often lead to hard-to-interpret and controversial observations, whereas theoretical investigations are constrained by the huge computational cost of sufficiently accurate quantum mechanical calculations. Here we present a theoretical study of the phase diagram of dense hydrogen that uses machine learning to â€˜learnâ€™ potential-energy surfaces and interatomic forces from reference calculations and then predict them at low computational cost, overcoming length- and timescale limitations. We reproduce both the re-entrant melting behaviour and the polymorphism of the solid phase. Simulations using our machine-learning-based potentials provide evidence for a continuous molecular-to-atomic transition in the liquid, with no first-order transition observed above the melting line. This suggests a smooth transition between insulating and metallic layers in giant gas planets, and reconciles existing discrepancies between experiments as a manifestation of supercritical behaviour.
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                    Fig. 1: Thermodynamic properties of high-pressure hydrogen predicted by the MLP based on PBE DFT.[image: ]


Fig. 2: Polyamorphic solution model fits of the high-pressure hydrogen system.[image: ]
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                Data availability

              
              The data supporting the findings of this study are available within the paper, and all input files that are necessary to reproduce the reported results are included inÂ Supplementary Information. All data generated for the study are available upon request from the corresponding author, and the MLP for hydrogen constructed here are available at https://github.com/BingqingCheng/MLP-highP-H.
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