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Introduction
Polycyclic aromatic hydrocarbons (PAHs) are important precursors to soot 

formation. The goal of this experiment is to investigate radical-radical reactions as 
candidates for the formation of PAHs. Specifically, this experiment looks at the 

reaction between phenyl and cyclopentadienyl radicals. This reaction may be a good 
surrogate for reactions between larger 5- and 6-member ring radicals. These 

reactions create a loosely bound H atom, whose loss produces a larger radical.

Phenyl (C6H5) Radical and Cyclopentadienyl (C5H5) Radical Reaction

The cyclopentadienyl and the phenyl radicals 
react together to form C6H5-C5H5. This 
decomposes into the C6H5-C5H4 radical, in 
either a stabilization reaction or a well-skipping 
reaction. 
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Benzyne Chemistry
• Study the implications of the benzyne 

radical as an intermediate in soot 
formation

• React benzyne with other probable 
precursors to soot such as 
• Phenyl (C6H5)
• Propargyl (C3H3)
• Cyclopentadienyl (C5H5)
• Benzyl ( C7H7)

• Similar set up and simulations will be 
used

The radical reaction creates a PAH radical 
that had the potential to continue 
molecular weight growth to eventually 
form soot. Comparison between 
experiment and simulation reveals the role 
of well-skipping.
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Methods

+ -H

Matlab numerically solves 
the slip flow equations and 
chemical kinetic equations 
to simultaneously determine 
flow properties and 
chemical mole fractions at 
every point within the tube 

Results
Precursors Break Down Into Radicals

Reactants produced in situ. 
C6H5NO  C6H5 + NO

C6H5OCH3  C6H5O + CH3
C6H5O  C5H5 + CO

Decomposition of Products

The C6H5-C5H4 
radical is not very 
stable, so it will 
either continue to 
react and 
contribute to 
weight growth 
that will form 
larger PAHs, or it 
will decompose. 

Radical Reaction

My Contribution
Simulation Comparison

• Updating the chemical kinetic 
mechanism in the simulation 
using more carefully calculated 
rates for important reactions

 

C6H5 + C5H5 <=> C6H5-C5H4 + H
C6H5 + C5H5 <=> C6H5-C5H5

• Running the simulation at each 
temperature that was studied 
experimentally

• Creating a figure comparing the 
simulation and the experiment  

Trends of C6H5-C5H5 and C6H5-C5H4 are the same in the simulation and the experiment. When the 
well-skipping reaction was removed from the mechanism file, much less C6H5-C5H4 radical was 
formed which implies that the well skipping mechanism is significant.
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