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Combustion involves many short-lived, excited state species and highly reactive radicals; 
one such species is the methylidyne radical (CH). The CH radical is extremely reactive due to 
the presence of one singly occupied and one vacant non-bonding orbital on the carbon. This 
radical has been detected in combustion environments in myriad studies1,2 and plays a critical 
role in kinetics of NOx formation and destruction.1 The primary formation mechanism for CH in 
non-premixed fuel flames is the reaction between CH2 and OH yielding CH and H2O.1 With 
regards to reactivity, the CH radical is known to undergo very rapid insertion-elimination 
reactions with unsaturated hydrocarbons, often close to the diffusion-limited rate.3 Insertion of 
the CH radical into either π or σ molecular sites followed by H- or H2-elimination contributes to 
molecular growth. Alternatively, CH3-elimination proffers a route to functional group change. 

There is currently a growing shift away from petroleum-based fuels towards biofuels 
derived from biomass and micro-algal oils.4 World biodiesel production for transport fuel 
expanded eleven-fold between 2000 and 2007 from 1 billion to almost 11 billion litres.5 
Biodiesel comprises highly oxygenated unsaturated species, predominantly esters. It is the 
presence of these oxygenated functional groups that dramatically reduces particulate and soot 
emissions.6 Currently, our understanding of how functional groups are interchanged by reaction 
with CH is almost non-existent. Studies of several reactions of this type have been carried out 
employing the synchrotron radiation from the Advanced Light Source in conjunction with a 
multiplexed photoionization mass spectrometer. Specifically, CH + acrolein, CH + oxirane and 
CH + dimethylether have been investigated. Where unsaturated bonds are present the chemistry 
is very complex and in the case of acrolein, the CH readily inserts into either the C=O or C=C 
bonds, resulting in a wide variety of reaction products. The mechanisms of such reactions have 
been elucidated via selective deuteration of the reactants, thus a deep understanding of the 
dynamics has been achieved. These insights may help to predict the chemistry that will occur 
during combustion between molecules that cannot be experimentally investigated. Moreover, 
employing the tunable synchrotron radiation has yielded quantitative branching ratios, obtained 
for the first time for these reactions and which are invaluable for combustion modeling.   
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