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Mechanism of Ozone Decomposition and Oxygen Species Formation
on Copper Oxide Surface

GONG Peng], LIU Lu', SHAO Guang-cail, WANG Guang-zhaoz, WANG Jun-fengl*
(1. School of Energy and Power Engineering, Jiangsu University, Zhenjiang 212013,China;
2. Key Laboratory of Extraordinary Bond Engineering and Advanced Materials Technology of Chonggqing, School
of Electronic Information Engineering, Yangtze Normal University, Chongqing 408100, China )

Abstract: O, adsorption and decomposition on CuO(111) surfaces with and without oxygen vacancies were studied
by density functional theory (DFT) calculations. The decomposition pathway, reaction barriers and the formation of
oxygen vacancies and the surface adsorbed oxygen were analyzed. On the intact CuO surface, O; molecules interact
with surface by physical or chemical adsorption, and the highest adsorption energy is —1.22 eV (structure bri(2) ). On
the surface with oxygen vacancy, Os is chemically adsorbed and the highest adsorption energy is —2.95 eV (structure
ovbri(3)), which is significantly higher than that on the intact surface. After O; adsorption, the charge density
near Cu adsorption site decreases, the charge density near O atom in O; increases significantly, indicating that the
charge transfer is from CuO surface to O; and Cu-O ionic bond is formed. Superoxygen species are formed after O
decomposition and the oxidation activity of the surface is improved. On intact surface, the reaction path starting from
bri(2) has the lowest activation energy (0.52 V). The minimum energy for O, desorption from the intact surface is 0.42
eV and the O, desorption energy to form oxygen vacancy is 2.06 eV. The activation energies of O, decomposition on
the surface with oxygen vacancy are 0.30 (ovhri(1)) and 0.12 eV (vbri(3) ), which are both lower than that of intact
surface. The minimum desorption energy of O, from the surface with oxygen vacancy is 0.27 eV, also lower than
on intact surface. The results indicate that the formation of oxygen vacancy improves the O; adsorption energy and
reduces the activation energy and O, desorption energy. Therefore, O, molecule is easier to adsorb on CuO surface
with oxygen vacancy and has higher reaction rate in catalytic decomposition of Oj.

Key words: density functional theory; CuOj; O;; reaction mechanism



