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            First-principles calculations on a prototypical hybrid organicâ€“inorganic perovskite reveal an unexpected role for hydrogen defects in the optoelectronic properties of this material.
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                    Fig. 1: MAPbI3 and defects within it.[image: ]



                


                
            

            
                References
	Green, M. A., Ho-Baillie, A. & Snaith, H. J. Nat. Photon. 8, 506â€“514 (2014).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Stranks, S. D. & Snaith, H. J. Nat. Nanotechnol. 10, 391â€“402 (2015).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sutherland, B. R. & Sargent, E. H. Nat. Photon. 10, 295â€“302 (2016).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Brenner, T. M., Egger, D. A., Kronik, L., Hodes, G. & Cahen, D. Nat. Rev. Mater. 1, 15007 (2016).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Egger, D. A. et al. Adv. Mater. 30, 1800691 (2018).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Zhang, X., Shen, J.-X., Turiansky, M. E. & Van de Walle, C. G. Nat. Mater. https://doi.org/10.1038/s41563-021-00986-5 (2021).

	Frost, J. M. & Walsh, A. Acc. Chem. Res. 49, 528â€“535 (2016).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Chen, B., Rudd, P. N., Yang, S., Yuan, Y. B. & Huang, J. Chem. Soc. Rev. 48, 3842â€“3867 (2019).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Yang, W. S. et al. Science 356, 1376â€“1379 (2017).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Min, H. et al. Science 366, 749â€“753 (2019).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Egger, D. A., Kronik, L. & Rappe, A. M. Angew. Chem. Int. Ed. 54, 12437 (2015).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ceratti, D. R. et al. Adv. Mater. 32, 2002467 (2020).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sadhu, S., Buffeteau, T., Sandrez, S., Hirsch, L. & Bassani, D. M. J. Am. Chem. Soc. 142, 10431â€“10437 (2020).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Author information
Authors and Affiliations
	Department of Molecular Chemistry and Materials Science, Weizmann Institute of Science, Rehovoth, Israel
Leeor Kronik

	Department of Chemistry, University of Pennsylvania, Philadelphia, PA, USA
Andrew M. Rappe


Authors	Leeor KronikView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Andrew M. RappeView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Leeor Kronik.


Ethics declarations

              
                Competing interests

                The authors declare no competing interests.

              
            

Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Kronik, L., Rappe, A.M. Hydrogen freedom linked to perovskite efficiency.
                    Nat. Mater. 20, 914â€“915 (2021). https://doi.org/10.1038/s41563-021-01010-6
Download citation
	Published: 29 April 2021

	Issue Date: July 2021

	DOI: https://doi.org/10.1038/s41563-021-01010-6


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    Minimizing hydrogen vacancies to enable highly efficient hybrid perovskites
                

                
	Xie Zhang
	Jimmy-Xuan Shen
	Chris G. Van de Walle



                
    
        
            Nature Materials
        
        Article
        
        
            29 Apr 2021
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Materials (Nat. Mater.)
                
                
    
    
        ISSN 1476-4660 (online)
    
    


                
    
    
        ISSN 1476-1122 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
