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Abstract 
Cycloalkanes comprise a significant portion of petroleum-derived transportation fuel, and cyclohexane is a 
representative molecule from the hydrocarbon class. Chemical kinetics models developed for cyclohexane combustion 
consistently predict appreciable formation of cyclohexene as a primary intermediate from oxidation reactions at 
temperatures below 1000 K. However, despite sub-mechanisms for primary intermediates playing central roles in 
chemical kinetics models, detailed chemistry is often simplified (e.g. neglecting subsequent reactions of Ṙ + O2).  

Experimental identification of the species involved in the reaction of primary intermediates enhances the robustness 
of sub-mechanisms within the larger framework of chemical kinetics models. Accordingly, multiplexed 
photoionization mass spectrometry (MPIMS) coupled with tunable VUV ionization is used to examine the reaction 
mechanisms of Q̇OOH radicals derived from cyclohexene oxidation in order to assess how the reactions relevant to 
chain-branching are influenced by a C=C bond in a cyclic hydrocarbon. Products from Ṙ + O2 reactions were measured 
at 500, 600 and 700 K using Cl-initiated oxidation under pseudo-first-order conditions with [O2] ~ 1016  cm-3. 

Chain-branching in cyclohexene is evident despite the relatively lower concentrations herein, as indicated by 
temporally-resolved ion signal at the exact mass-to-charge ratio of ketohydroperoxide (KHP), m/z 128. The 
corresponding photoionization spectra are nearly identical to analogous species produced by n-butane and 
cyclohexane oxidation, where O2 concentrations were approximately 102  higher than the present experiments. Due to 
the presence of KHP at such lower [O2], it is postulated that the presence of a C=C bond promotes ROȮ → Q̇OOH 
isomerization while also inhibiting unimolecular decomposition compared to oxidation of cyclohexane under similar 
conditions; the net effect being facilitation of Q̇OOH + O2 reactions and subsequent ketohydroperoxide formation. In 
addition to potentially facilitating KHP formation, the presence of a single C=C bond in a cyclic hydrocarbon allowed 
for various Q̇OOH ring-opening pathways. Evidence of ring-opening products were observed including ethene, 
formaldehyde, 1,3-butadiene, acrolein, and 3-butenal.  
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