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Mechanism research of anthracene conversion to benzopyrene

based on PAC growth mechanism
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Abstract: Based on density functional theory (DFT) and transition state theory (TST), the formation process of
benzopyrene in the cylinder of internal combustion engines was investigated by phenyl-addition cyclization (PAC)
mechanism. The results show that the entrance reactions of both anthracene free edge and sawtooth edge with
phenyl exhibit barrierless, high exotherm and fast rate. By analyzing the rate-limiting step rates of each pathway,
it is found that the anthracene free edge C1 site is more likely to generate benzopyrene than the sawtooth edge C2
site, and the optimal reaction pathway rate-limiting step energy barrier is only 176.2 kJ/mol with a reaction rate of
3.7 x 10’ s™". The rate-limiting step of the two main paths at the C2 position of the sawtooth edge is the isomerization
of the five-membered ring into the six-membered ring. The energy barrier is up to 417.2 kJ/mol and 421.7 kJ/mol,
and the reaction rates are 8.7 x 10*s™ and 5.8 x 10*s™", respectively. In addition, the H migration reaction on the
aromatic ring is more difficult than on the aliphatic chain. This study provides the mechanism of PAC generation of
benzopyrene, which gives a theoretical basis for the construction of chemical kinetics model of benzopyrene and is
important for predicting the generation of benzopyrene in the cylinder of internal combustion engines.
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M 2 Fion. JCREL RN ECRF BORI A VTST i
B RN 3 PR, O T BRSO R 5
Wi, AT TST AR EE A 500 ~ 2 500 K A, SR &
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Tab.1 Arrhenius parameters of bimolecular reaction at 500—2 500 K

SR &/ (em® » mol™ -+ s7)

L TR T 4/ (em® » mol™” - ) IR n  IG4LAE E/(kJ - mol™)
1500 K 2500 K
CS2 + H—CS3 + H, 6.53 x 10 1.84 65.70 233 x 10" 4.85x 10"
CS34 + H—CS35 + H, 1.58 x 10’ 1.87 64.65 7.60 x 10" 1.55x 10"
F2 500~2500 K FEFEESSTRIA Arrhenius S5
Tab.2 Arrhenius parameters of the key single-molecule reactions at 500—2 500 K
2 BT s WS LR £/ - mol) SLoE b
1500 K 2500 K
CS6—CS7 424 x 10" 0.63 344.81 4.20% 10" 3.60 x 10°
CS11—CS12 3.08x 10" 0.05 42.95 1.47 x 10" 5.98 x 10"
CS13—CS14+H 3.59 x 10" 0.74 168.35 1.09 x 10 3.41x 10"
CS14—CS15 1.19x 10" 0.63 347.93 9.35x10° 8.85x 10°
CS18—CS19 1.90 x 10" 0.58 172.66 1.11 x 107 3.68 x 10°
CS20—-CS27 9.95 x 10" 0.77 169.03 3.57x 108 1.15x 10"
CS27—-CS28 6.20 x 10" 0.55 375.15 3.11x10° 6.78 x 10°
CS35—-CS36 3.78 x 10" 0.12 57.14 9.11 x 10° 6.01x 10"
(CS38—CS39 2.79 x 10" 0.57 105.55 3.92 % 10° 1.52x 10"
CS41—-CS16 1.69 x 10" 0.65 125.48 8.51 x 10 6.50x 10"
CS45—CS46 4.92x10" 0.22 171.22 2.60 x 107 6.96 x 10°
CS48—CS49 1.79 x 10" 0.69 200.97 2.76 x 10° 2.4272x10°
CS50—CS51 9.83 x 10" 0.06 18.64 3.39x 10" 6.34 x 10"
CS47—CS52 3.04 x 10" 0.21 162.70 3.09 x 10° 6.31x10°
CS54—CS55 4.90 x 10" 0.51 125.87 8.20 x 10 5.89 x 10"
CS55—-CS56 1.35x 10" 0.13 41.08 1.29x 10" 5.12x 10"
CS47—CS57 1.75x 10" 0.07 145.58 2.41x10° 2.65x 10
CS59—CS16 4.94 % 10" 0.73 283.20 1.34x 10° 1.71 x 10’
X3 VISTitEMEEEL R ME Arrhenius 2]
Tab.3 Arrhenius parameter of the impotent barrier reaction calculated by VTST refers
S FRHIA T 4 TREFEH n TEALAE E./ (kT - mol™)

CS1 + C¢H5—CS2 9.88x 10" cm’® + mol™ - 5™ 2.98 -40.77

CS33 + CHs;—CS34 1.43x 10" cm® + mol™ « s 3.01 -37.08

CS51—-CS16 1.18 x 10" 5™ 0.58 375.89
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