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Theoretical Studies of the Mechanism and Energetics for the Reaction of
Transition Metal Ions with Alkanes

Methane Elimination Mechanism in the Reaction of Ni* (“D) with Propane

ZHANG Dong — Ju LIL Cheng- Bu”

Ulnstitie of Theoretteal Chemtsiry o Shandong Universaty . finon, 250100+

Abstract The reaction of Ni* with propane has been studies extensively using density [unctional theory. The
detailed information regarding the mechanism and energetics ol CH, elimination rn the polential energy ~urface
of (Ni, Ca, Hg]* has been ubtained at B3LYP/6 - 311 + + g{ 3d{.3pd) level of thenry. The present study
indicates that the CHy elmuination in the reaction of N7 with propane undergoes two elementary steps, mamely .
the initial C—C bond activation in propane mediaterd by Ni™ and the subzequent isumerization nf the inserted
intermediate. Ni* inserting into The inilial primary C—H bonl cannot result in the elimination of CH,, wlich
i~ In contrast to the early postulated mechanism. Alter the C—C inserted species are formed on the potential
energy surlace, Three reaction chaniels are open, which resull i the elimination of CHy. The relative energy ol
the energetically most favored transition state is found To be 9. 18 kJ/mol above the entrance channel. The heat
of reaction for Ni* + CiHy = Ni( G;H, ) * + CH, is caleulalerl 1o be 127,85 kJ/mol. This result is in good
agreement with the experimental finding, a value of 106.13 kJ/mol.

Keywodrs transition metal jon, alkanes, reaction mechanism, densitv [uncTional theory
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