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In the evolution of molecules in space, it is assumed that physicochemical processes mainly 

proceed on cosmic dust grains.[1] Because of low temperature character of interstellar 

medium in space, only exothermic reactions can proceed in the gas phase. On the other hand, 

in the case of surface reactions in dense clouds, heat of formation can be effectively released 

to surfaces. Thus, various kinds of reactions can occur on surfaces. Therefore, in order to 

understand evolution of molecules in space, it is important to know the environmental 

temperature, i.e. gas and surface temperature, at the time of physicochemical processes. 

 

One of the ways to investigate the environmental temperature at the time of physicochemical 

processes is a measurement of nuclear spin temperature of H2 in space. Since protons are 

fermions, the total wave function of H2 must be anti-symmetric with respect to the exchange 

of two nuclei. According to this anti-symmetry requirement for the total nuclear wave 

function, H2 are classified as ortho and para species, i.e., ortho H2 and para H2 have total 

nuclear spin I=1 and 0, respectively. In the case of isolated H2 molecule, ortho-para (o-p) H2 

conversion occurs quite slowly because such nuclear spin conversion is strictly forbidden. 

Corresponding o-p H2 conversion time is 2.0×1021 s.[2] Thus, nuclear spin temperature of H2 

may conserve the environmental temperature at the time of H2 formation processes. But it has 

been reported that o-p H2 conversion can be enhanced on ice surfaces.[3-5] Therefore, it is 

important for interpretation of nuclear spin temperature of H2 to reveal the accurate o-p H2 

conversion rate. In order to investigate o-p H2 conversion rate, we have to clarify the 

interaction between H2 and ice surfaces. 

 

In this study, we investigated the adsorption properties of H2 on ice surfaces with the aid of 

the first principles calculations based on density functional theory. We focused on the H2 

adsorption on ice XI surfaces to consider the effect of ferroelectric properties of crystalline ice 

surfaces. Moreover, we took the van der Waals interaction into consideration with the 

non-local correlation functional vdW-DF [6] to treat H2 adsorption states on ice XI surfaces 

accurately.  

 

At first, we investigated the adsorption energy of H2 on ice XI surfaces. In this study, we 

adopted the 2x1 ice XI surface super cell with 12x12x32 grids as adsorption configurations. 

We calculated the adsorption energy at each grids point. We found that the hollow site is the 

most stable adsorption site. In the workshop, we will also show the quantum and isotope 

effect on adsorption and diffusion properties. 
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