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[Abstract]

The reaction of H + CO — HCO on ice surfaces is the first step toward the formation
of simple organic molecules, such as (H,CO) and methanol (CH3OH) in interstellar clouds [1].
H + CO has a large activation energy due to avoided crossing between the ground state and the
first excited state [2]. However, the cost of ab initio calculation including the ice surface is high
to obtain the activation energy. This study aims to reveal the mechanism of the variation caused
by water clusters and to find a new way to speculate the activation energy of the reaction on ice.
The existence of water alters the potential energy surface (PES) of H + CO. This slide of the
PES leads to the variation not only in the transition state but also in the excitation state. It
suggests that the existence of water alters the excitation energy as well as the activation energy.
If there is a correlation between these two physical quantities, we can speculate the activation
energy of the reaction on ice surface by calculating the excitation energy, due to the lower
calculation cost of the excitation energy.
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Figure 1: Optimized geometries of reactants.
White, red and gray balls indicate hydrogen,
oxygen and carbon atoms, respectively.
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Table: Activation energy of H + CO on water
clusters (E,. in meV) and the variation in £, from
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Figure 2: Potential energy surface of H + CO under
electrostatic field. Three atoms are arranged on a straight

line and the bond length between C-O is fixed at 1.2 A.
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