Theoretical study of 1-acenaphthyl oxidation with molecular oxygen
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A pressing issue is the formation of soot and polycyclic aromatic hydrocarbons (PAHS) during
incomplete combustion of hydrocarbon fuels, since they are chemical compounds harmful to humans
and the environment [1,2]. Reducing unwanted emissions is possible by switching to cleaner and
more efficient fuel combustion systems. Designing such equipment requires the use of more advanced
kinetic models of PAH oxidation, since large PAH molecules are used as model molecules in studies
of chemical interactions on soot [3-6].

Previous theoretical [ 7] and experimental works [8] have determined that acenaphthylene occupies
an important place in the mechanism of PAH and soot growth according to HACA. Further studies
[9, 10] have shown that, due to the peculiarities of the edge structure, the rate constants of addition
to the five-membered ring of acenaphthylene are the highest. The latter circumstance has created
interest in studying the mechanism of oxidation of 1-acenaphthyl by molecular oxygen.

Molecular parameters and relative energies were obtained using the composite calculation scheme
G3(MP2,CC)//B3LYP/6-311G(d,p), providing chemical accuracy. The connectivity of the stationary
states through the corresponding transition states was confirmed by IRC calculations. The values of
the rate constants and relative yields of the reaction products were calculated for different conditions
within the RRKM-ME theory with kinetic accuracy.

Potential energy surface (PES) analysis revealed that the most energetically favorable reaction
channels are those leading to O atom abstraction and CO abstraction. The reaction kinetics and
relative yields were studied for the 0.01-100 atm pressure range and 500-2500 K temperature range.
Competitive behavior of the reaction products was found at low pressure. At high temperatures and
low pressures, the O abstraction channel dominates, while at low temperatures and pressures, the CO
abstraction channel dominates. The relative yields of the products are equal at a temperature of
=77 K.
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