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In interstellar molecule clouds, the elements such as hydrogen, oxygen, carbon, and nitrogen, 
deposit on dust grains, and amorphous H2O ice and various molecules (e.g., CO, CO2, NH3, 
CH4, H2CO, and so on) are formed [1]. Because the molecules undergo chemical evolutions 
through various processes on the surface of amorphous ice, the structure and properties of 
amorphous ice surface is one of the important factors govern the chemical evolutions of 
organic molecules in molecular clouds.  
 
For crystal ice, the quasi-liquid layer exists on its surface [2]. The dangling motion of the free 
O˗H bond which exists at the surface causes the surface melting [3]. The impurities adsorbed 
on the surface have effects to promote the dangling motion [4]. Although there are various 
studies on structure and properties of ice crystal, the surface properties of amorphous ice are 
less understand because of its complicated structure. In order to investigate the structures of 
surface and grain boundary of amorphous ice, we performed molecular dynamics (MD) 
calculations of amorphous ice. 
 
The MD calculations were performed using an atom-atom potential model, KKY potential 
model with the program MXDORTO [5]. Using a system consisting of 2760 water molecules, 
an infinite surface was simulated by replicating the cell in the directions parallel to the surface 
using periodic boundary conditions. The amorphous structure with 1.03 g cm˗3 in density was 
prepared by quenching of a liquid water phase from 290 to 10 K. For the simulations of the 
sintering process, two amorphous ice layers with about 40 Å in thickness were arranged with 
10-20 Å in intervals. 
 
The results show that the surface layer with low density exists in amorphous ice. The surface 
layer has high amplitude of thermal vibration of water molecules in comparison with bulk 
state, because the water molecules in the layer form a few of hydrogen bonds with weaker 
strength. Furthermore, the sintering processes were calculated to investigate the structure of 
grain boundary formed from adsorption of two surfaces. In the case that the initial interval of 
the two layers is 10 Å, the layers gradually move and are sintered within 100 ps. The sintering 
is not observed in the cases that the intervals of the layers are greater than 15 Å for our 
simulated time scale (~180 ps). The density of the boundary between the layers increases 
during the sintering, and becomes a constant at around 100 ps. The reached density was 
slightly lower than the value of bulk. The present results suggest the existence of the 
boundary with low density between amorphous ice grains. The structures of surface and 
interface might have important implications for adsorption, diffusion, and chemical reaction 
in interstellar amorphous ice. 
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