







    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: 09 February 1935



                    Zero Point Energy and Physical Properties of H2O and D2O

                    	J. D. BERNAL1 & 
	G. TAMM2Â 



                    

                    
                        
    Nature

                        volumeÂ 135,Â pages 229â€“230 (1935)Cite this article
                    

                    
        
            	
                        923 Accesses

                    
	
                        14 Citations

                    
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
THE marked differences between the physical properties of H2O and D2O (and of all polar compounds of H and D) cannot be due to intramolecular differences, which are far too small, but must be connected with differences of effective intermolecular forces. It is possible to account for these differences in a quantitative way by taking into consideration the differences in the frequency of angular vibration or libration of a molecule in the field of its neighbours. The mean frequency in ice can be calculated from the model of the water molecule already put forward1. The frequency found, B = 14Â·3 Ã— 1012 sec.1, is large enough to have a zero point energy of 17 per cent of the total energy of ice. As in such a libration only the hydrogens are effectively in motion, it is decreased by the factor 2 on substituting D for H. Apart from less important changes due to symmetry conditions and the differences in the nuclear spins, this change of frequency accounts for the greater part of the difference of energy content and specific heats of H2O and D2O. Thus the differences of the heats of evaporation of D2O and H2O ices at the melting points is calculated 0Â·35, as against the observed value2 of 0Â·32 k. cal. per mol. This may be regarded as the best check of the essential correctness of the theory. The difference of the specific heats of ice are calculated as 0Â·7 and observed3 c. 1 cal. per mol. degree.
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