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1. Introduction
[bookmark: OLE_LINK16][bookmark: _GoBack]In the past decades, polycyclic aromatic hydrocarbons (PAHs) and soot particles have attracted considerable attentions due to their important roles in combustion processes and terrestrial environments1-6.  Generated as toxic byproducts in the combustion of carbonaceous materials such as fossil fuels, PAHs and soot particles are identified to be carcinogenic,7-9 mutagenic9, 10 and teratogenic,9 thus posing a great threat to the health of the humans. They are considered to be severe air and marine pollutants as well,5, 11, 12 which further contribute to the global warming.13 The health and environmental threats from PAHs and soot particles require a better physical and chemical understanding in the combustion processes. 

 Under combustion conditions, the oxidation and formation of PAHs and soot particles are two competing processes;1 therefore, the oxidation of PAHs and soot particles plays a significant role in the effective yield of soot formation. 

[bookmark: OLE_LINK4][bookmark: OLE_LINK3]Following stepwise molecular growth pathways, bicyclic PAHs such as naphthalene (C10H8) are suggested to be formed either by the hydrogen abstraction-acetylene addition (HACA) mechanism2, 14, 15 or through the phenyl addition-cyclization (PAC) reactions with unsaturated hydrocarbons such as alkynes,16 olefins,17, 18 and aromatic molecules.19

PAHs are not only found in terrestrial environments, but also have been detected in meteorites like Murchison as well.20 Therefore, PAHs are believed to be ubiquitous in extraterrestrial environments such as in the interstellar medium (ISM) 21 and in hydrocarbon rich atmospheres of planets and their moons as in Titan’s atmosphere.22 It is estimated that PAH-like species account for up to 20% of the total cosmic carbon budget;23, 24 PAH-like species are likely responsible for the unidentified infrared bands (UIBs)25, 26 and diffuse interstellar bands (DIBs).27 Hence, PAH-like species are expected to play a crucial role in understanding the evolution of carbon-rich extraterrestrial environments.28 
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