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Two-State Reaction Mechanism Ammonia Synthesis from of N, and H, Catalyzed by Ru
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Abstract: The two-state reaction mechanism of NH, synthesis from N, and H, catalyzed by Ru are theoretical stud-
ied on the singlet, triplet and quintet potential energy surface, and the density functional theory (DFT) UB3LYP
) and
intersystem crossing probability (P*°) at minimum energy crossing point (MECP) respectively, for MECP1: H_ =
508.34 em™, P,"°=0.85; for MECP9: H_=269.21 cm™, P,"°=0.27. We used energy span model to determine that
turnover frequency (TOF)-determining transition state (TDTS) of the reaction is *TS2-3 and TOF-determining inter-
mediate (TDI) of the reaction is *IM9.

methods was used, which is a typical two-state reaction. We calculated spin-orbital coupling constant (H,

s0c
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Table 1 Spin population for MECP1
Triplet Quintet
Atom - -
a pop B pop Spin pop o pop B pop Spin pop
Rul 9.02 6.89 2.13 10.05 5.95 4.09
N2 3.27 3.44 -0.17 3.28 3.40 -0.12
N3 3.71 3.67 0.45 3.68 3.65 0.03
Total spin electron 2.00 4.00
*2 MECPYMBEERE
Table 2 Spin population for MECP9
Triplet uintet
Atom P - Q -
a pop B pop Spin pop a pop B pop Spin pop
Rul 8.98 6.94 2.04 9.99 6.01 3.98
N2 4.12 4.13 0.00 4.04 4.09 0.05
H3 0.30 0.31 0.32 0.32 0.30 0.02
H4 0.30 0.31 0.32 0.32 0.30 0.02
H5 0.30 0.31 0.32 0.32 0.30 0.02
Total spin electron 2.00 4.00

Triplet

11
Fig.11
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*3 HRIREEERNEEFERNE P EMEFLESI R X0
Table 3 X, of each intermediate and transition of minimum energy path against the reaction
Species SIM1 IM2 SIM4 3IM5 3IM7 SIM8 3IM9 SIM11
KXok i 2.70x107 1.71x107%  325x10°%  3.05x107'  2.34x107%2  1.56x107"7 1.00 2.78x1071
Species 3TS1-2 3TS2-3 3TS4-5 3TS5-6 3TS7-8 3TS8-9 TS10-11
Xior1s 9.80x10™ 9.83x10""! 1.02x10° 1.56x10° 1.88x10° 9.39x10  3.57x102
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