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Distribution characteristics of products formed from the aqueous photochemical reaction
of phenol using electrospray ionization time-of-flight mass spectrometry
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Abstract: Recent research regarding laboratory simulation and field observation indicates that the aqueous-phase
reaction of phenols importantly contributed to the formation of ambient secondary organic aerosols (SOAs);
therefore, the characterization of products formed from the photochemical evolution of phenols contributes to the
understanding of the formation and chemical composition of SOAs. This study preliminarily investigated the
distribution characteristics of products formed from the aqueous photochemical reaction of phenol by applying
atmospheric pressure electrospray ionization time-of-flight mass spectrometry (ESI-TOF-MS). Here, the
experiment was divided into two parts including direct photolysis (without an oxidant) and photo-oxidation (in the
presence of H,O,). The results show that the photochemical reaction of phenol in the aqueous phase leads to the
formation of diverse products including oligomers, hydroxylated compounds, and other polyfunctional oxygenated
species. There were 150 molecular formulas observed in the products formed via photo-oxidation of phenol,

higher than the case of products derived from the direct photolysis of phenol. However, the ion abundance of high
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molecular weight products (e.g., oligomers) was greater in the sample under direct photolysis than that under

photo-oxidation. In particular, the tetramer was also found in the former. In addition, the light absorbance of the

photochemical product exhibits a significant photo-enhancement in the ultraviolet and visible region. Our results

suggest that the photochemical evolution of phenols dissolving into atmospheric waters (clouds, fog droplets, and

aerosol liquid water) can contribute to the formation of atmospheric light-absorbing organic matter and aerosols.

Key words: electrospray ionization time-of-flight mass spectrometry (ESI-TOF-MS); phenol; aqueous-phase

reaction; photodegradation product; light-absorbing organic matter
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Fig.1 Mass spectra of aqueous samples under direct photolysis (a) and photo-oxidation (b) with a reaction time of 1 h, respectively
(signal derived from the average of 100 iterations)
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Table 1 Proposed molecular formulas for some photochemical products based on mass spectrometry analysis
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Fig.3 Absorption spectra of phenol solution under 1 h direct
photolysis and 1 h photo-oxidation, respectively
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