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The role of reactive intermediates in the vacuum ultraviolet photolysis and gamma radiolysis of phenol in aqueous solutions

Decontamination of waters by using vacuum ultraviolet (VUV) or gamma (γ) radiation is an emerging technology. Using these methods the mineralisation of the target compounds takes place without addition of chemicals, by reacting with free radicals (hydroxyl radicals (•OH), hydrogen atoms/hydrated electrons (•H/eaq-), hydroperoxyl radicals/superoxide radical ions (HO2•/O2•-)). For the optimization of the degradation pathways proper knowledge of the mechanisms, for example the role of low reactivity radicals is needed. In this study the effect of different reactive intermediates on the VUV photolysis (Xe excimer lamp: H2O→•H and •OH) and γ radiolysis (60Co source: H2O→eaq- and •OH) of a model compound (phenol) was investigated. The radical set was affected by changing the reaction conditions.
During our experiments 10-4 mol dm-3 aqueous phenol solutions were irradiated by VUV or γ photons in the presence of different dissolved gases (N2, O2) and in some cases by adding either 0.50 mol dm-3 tert-butanol as •OH scavenger or 0.05 mol dm-3 formic acid/sodium formate as •OH transfer to the solutions. The degradation of phenol was followed by HPLC separation. The reactive oxygen containing species (ROS) partly transform to H2O2. Therefore, concentration of the latter refers to the concentration of ROS. The H2O2 concentration was measured spectrofotometrically with the method based on the reduction of CuII.
In O2 free solutions •OH, •H or eaq-, generated from water induce the degradation of phenol. The higher degradation rate (r) in case of using O2 could be caused by the increase of the •OH concentration and the transform of the reductive •H/eaq- to oxidative HO2•/O2•-. Additionally, the cyclohexadienyl radicals formed during the reaction of •OH in the presence of dissolved O2 transform to peroxy radicals, hindering the possible back reactions.
In the presence of additives the r decreased. In O2 free solutions the dominating reactive species, •H/eaq- might contribute to the degradation moderately, the effect of •H being more considerable. In the presence of O2 the formed HO2•/O2•- also show low reactivity against phenol, the effect of HO2• being more significant. Using our results the order of magnitude of the unknown value of the rate constant of the reaction between phenol and HO2• could be estemated (1.2×106 mol-1 dm3 s-1).



