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[Abstract] QM/MM ONIOM calculations were used to analyze the reaction mechanism for
the methane activation by coinage-metal exchaged ZSM-5 zeolite, and further reaction with
carbon dioxide to form acetic acid. Dual and single coinage-metal cations were considered
inside ZSM-5 whose two silicon atoms are substituted for two aluminum atoms. ONIOM
calculations found potential energy surfaces on the formation of acetic acid mediated by
coinage-metal exchanged ZSM-5 zeolite. According to ONIOM calculations, dual copper
cations inside ZSM-5 with two substituted Al atoms can exhibit high catalytic activity toward
methane and further reaction with carbon dioxide to form acetic acid.
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Figure 1 Energy profiles for formation of acetic acid by the reaction between methane and carbon dioxide on
Cu—ZSM-5(Al,) (blue) and Cu,—ZSM-5(Al,) (red).
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194 8 D S & Eeilg L7z (Table 1). Table 1 k¥, E(1) I 4B L O K240
ZHHEEL72 ZSM-5(Al) b &7 oT2. X 51T, Cup,=ZSM-5(Al) Tidi/hd Ey(2) 1
BT ZENHLMNE R ST, o TRIFSEIZ L Y, B EZHE L= ZSM-5(Al)
X, AZ - LRBEERIRICER T DAL M TH D Z LN RIS L.

Table1l E4(1) and E4(2) values in the reaction mediated by M,—ZSM-5(Al,) in kcal/mol
M, Au; Ag; Cu; Au, Ag, Cu,
Ea(1) 17.2 27.4 16.6 13.4 52.1 135
E.(2) 47.7 24.1 44.1 80.0 43.6 150.
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