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Direct ab-initio MD Study on the photo-ionization dynamics of molecules

adsorbed on water ice
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[Abstract] The ice surface provides an effective two-dimensional reaction field in the
interstellar space. However, how the ice surface affects the reaction mechanism is still
unknown. In the present study, the reaction of an ammonia dimer cation adsorbed both on
water ice and cluster surface was theoretically investigated using direct ab-initio molecular
dynamics (AIMD) combined with our own n-layered integrated molecular orbital and
molecular mechanics (ONIOM) method, and the results were compared with reactions in the
gas phase and on water clusters. A rapid proton transfer (PT) from NHs" to NH;3 takes place
after the ionization and the formation of intermediate complex NHx(NH;") is found. The
reaction rate of PT was significantly affected by the media connecting to the ammonia dimer.
The time of PT was calculated to be 50 fs (in the gas phase), 38 fs (on ice), and 28-33 fs (on
water clusters). The dissociation of NH,(NH4") occurred on an ice surface. The reason behind
the reaction acceleration on an ice surface is discussed.
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Fig. 1. Snapshots of ammonia dimer radical cation on ice surface (NH5),"(H,0).s after vertical ionization from
neutral state calculated as a function of time. The calculation was carried out at the (MP2/6-311++G(d,p): PM3)
level.
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