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[Abstract] Cl- + (H,0), — HCl + OH-(H,0),.; (n=1-3) reactions are fundamental and
important ones in atmospheric chemistry. In this study, we focused on the nuclear quantum
effect (NQE) of hydrogen nucleus on the aforementioned reactions with the aid of
multicomponent quantum mechanics (MC_QM) method. Our study reveals that the NQE of
hydrogen nucleus lowers the activation barriers of the reactions and enhances the catalytic
effects of second and third water molecules. We have also analyzed H/D isotope effects on these
reactions by using MC QM method.
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Fig. 1. The potential energy profile obtained by
(MC_)CCSD(T)/cc-pVQZ//(MC_)wB97XD/cc-pVTZ method.
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Fig. 2. The optimized parameter (A) of structure obtained by

MC_®B97XD/cc-pVTZ and ®B97XD/cc-pVTZ method.

Table 1. Relative energies [kcal/mol] of transition state structures in Cl- + (H,0), — HCI +

OH-(H,0), reactions

n=1 n=2 n=3
PERiE 20.6 16.3 16.3
MC QM(H) 16.0 9.7 8.0
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