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Fig.2 Mechanisms for TEMPO regeneration with (A) and without(B) acid
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Fig.3 Optimized geometries of the stationary points involved in acid-catalyzed TEMPO regeneration
a. B3LYP; b. M06-2x. Bond lengths are in nm.
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Fig.4 Highest occupied molecular orbitals for TS1a optimized at BSLYP(A) and M06-2x( B) methods and
the singly occupied molecular orbital of TS1b at M06-2x( C) method
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Fig.5 Free energy profile for acid-catalyzed TEMPO regeneration
a. B3LYP; b. M06-2x.
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Fig.6 Optimized geometries of the stationary points for TEMPO regeneration involved in Denisov cycle
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Fig.7 Free energy profile for TEMPO regeneration involved in Denisov cycle
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Reaction Mechanism of the Elimination of Peroxyl Radical by TEMPO'

CHEN Junchao', YAO Yuan'®, ZHANG Hui®

(1. Key Laboratory of Critical Materials Technology for New Energy Conversion and Storage,
Minisiry of Industry and Information Technology, School of Chemisiry and Chemical Engineering,
Harbin Institute of Technology, Harbin 150080, China;

2. College of Chemical and Environmental Engineering,

Harbin University of Science and Technology, Harbin 150080, China)

Abstract Density functional theory( DFT) , Mgller-Plesset( MP) and frontier molecular orbital methods were
employed to investigate the fundamental reaction mechanism of the elimination of peroxyl radical by 2,2,6,6-
tetramethylpiperidin-1-oxyl (TEMPO) with and without weak acid environment. The results showed that the
calculated result from M06-2x method is in more agreement with the relative experimental results than that from
B3LYP method, suggesting that the former is more suitable for the present system. With weak acid environ-
ment, the protonated TEMPO undergoes proton coupled electron transfer and electron transfer to eliminate
peroxyl radical and get the regeneration. Without acid environment, the elimination of peroxyl radical by
TEMPO consists of four steps, the formation of alkoxyamine, B-hydrogen atom transfer, the decomposition of
carbon radical, and the regeneration of TEMPO. After the energy calculations, the activation free energy of the
elimination of peroxyl radical by TEMPO with weak acid environment is calculated to be 35.6 kJ/mol, much
lower than 96.8 kJ/mol without weak acid environment, showing that weak acid environment is more favorable
for the reaction and this phenomenon has also been reasonably explained.

Keywords 2,2,6,6-Tetramethylpiperidin-1-oxyl( TEMPO) ; Peroxyl radical; Antioxidation
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