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Fig.1 B3LYP/genecp optimized geometries of reactant, intermediate isomers, transition states and product
(bond length in nm, bond angle in degree)
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Fig.2 Schematic pathways for the Ir,H, + propene reaction

Relative energies are calculated at the B3LYP/genecp + ZPE level of theory.
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Table 1 Some parameters of reactants, intermediate isomers, transition states and

product for the Ir,H, + propene reaction”

Species  AE/(kJ - mol ™) AH/(kJ - mol™") AG/(kJ-mol™')|| Species AE/(kJ-mol™') AH/(kJ+mol™') AG/(kJ+ mol™")
Rs 261. 33 268. 52 182. 46 TSR-2 13.96 13. 67 15.01
R 0.00 0. 00 0.00 TS1—3 77.12 76.12 78. 08
1 4.89 5.73 2.93 TS1—4 104. 21 103. 00 106. 13
2 -0.75 0.25 -2.97 TS2—5 104. 54 103. 12 107. 05
3 80. 72 80. 97 79.75 TS3—5 86. 69 85.73 88. 49
4 88.91 88. 83 88.74 TS3—6 211.26 210. 50 212. 14
5 87.78 87.99 87.82 TS4—P 141. 03 140. 78 138.90
6 43. 64 44.31 40.21 TS5—P 140. 78 140. 16 141.58
7 92.42 93.67 87. 86 TS5—6 236. 55 235. 84 237.42
P 123. 60 124. 81 119. 51 TS6—7 90. 83 91.37 86.28
Ps 143.37 143.08 92.92 TS7-P 139. 82 139. 40 138.15

TSR-1 17. 64 17.26 18. 81

* At B3LYP/genecp[ C, H: 6-611G(d) ; Ir: Lanl2dz] level of theory.
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Density Functional Theoretical Study on the Potential Energy Surface
of the Propene Hydrogenation Catalyzed by Metal Ir, Cluster

GENG Cai-Yun', LI Ji-Lai', SUN Guang-Ling’, HUANG Xu-Ri'", SUN Chia-Chung'
(1. State Key Laboratory of Theoretical and Computational Chemistry, Institute of Theoretical Chemistry,
Jilin University, Changchun 130023, China;

2. Shengli Engineering & Consulting Co. Ltd. , Dongying 257026, China)

Abstract Using density functional theory ( DFT) , the reaction mechanism of propene hydrogenation catalyzed
by metal Ir, cluster were explored in detail theoretically. At B3LYP level, the geometries of stationary points
(reactions, intermediates, transition states and product) were optimized and the ground state potential energy
surface was ploted. The calculated results suggest that for the propene hydrogenation catalyzed by metal Ir,
cluster, the reaction may follow three reaction channels, which is ¢, d and e. In the major reaction channel ¢,
the H-atom at Ir; site first transforms to intermediate 1 after surmounting TSR-1, followed by the addition of H-
atom to the side C of propene, leading to forming intermediate isomer 3. After that, the H-atom at Ir, site can
add to the middle C, passing through transition state TS3—5, intermediate 5 and transition state TS5-P re-
spectively. Channel ¢ is the most feasible reaction channel on the PES on both kinetic and thermodynamic con-
siderations. As the highest transition states in channel d and e are a little higher than that of in channel ¢,
they are less competitive and belong to minor channels.
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