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Radical kinetics and energetics at elevated temperatures continue to be vexing 
problems even after many years of study. Heterogeneous reactions, harsh conditions, 
complex product distributions and species with only transient lifetimes all contribute to 
make free radical 
conditions. 

kinetics difficult to study under many chemically interesting 
Laser Powered Homogeneous PIyr;plysis (LPHP) affords the opportunity to 

alleviate a number of these difficulties ’ allowing new insight into free radical 
kinetics to be obtained. LPHP avoids hot 'surfaces 
conditions. The short residence times produced by 

maintaining homogeneous heating 
{ulsed CO 

product distributions, making them more tractable for detailed mo d 
laser heating simplify 

eling. 

LPHP combined with detailed kinetic modeling has been used to elucidate the 
kinetics of 1,3-butadiene (1,3-C4H6) pyrolysis over the temperature range of 800-1500K. 
Reaction temperatures are calculated from measured energy deposition into the sample (1,3- 

C4H 
a c emical thermometer . k' 

SF5 and He), the2heat capacity of the mixture and calibrations using cyclobutanone as 
Residence times are estimateg from the calculated temperature and 

known kinetics of cyclobutanone under these conditions . The predominant reaction products 
are C2H4, C2H2 and C4H4 (vinyl acetylene). with significant quantities of C6H6. The basic 
mechanism used to understand 1,3-C4H6 pyrolysis is presented in Fig. 1. 

Fig. 1 Basic mechanism for 1,3-C4H6 
pyrolysis. Initiation also occurs via 
1,3-C4H6 + CH3 +C3H3. 

Initial unimolecular decomposition of 1,3-C.4H6 produces C2H3, CH3 and C3H3 radicals4-6. 
The ensuing important radical reactions in the LPHP experiment are either hydrogen 
abstraction to produce butadienyl radicals 
cyclohexadiene and ultimately C6H6. 

(C4H ) or C2H3 addition to 1,3-C4H6 to give 
Alternative y, l5 

also gives C6H6 as the major product. In either 
subsequent reaction of.C4H5 with CZH2 

dynamics of high temperature exothermic reactions y 
route .to CfHt the chemical activation 

ust be lnclu e to correctly account for 
C6H6 formation on the time scale of the experiment . 
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These competing reaction pathways are modeled, and found to be especially 
sensitive to the heats of formation of the vinylic radicals. 
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Measured product ratio of C2H2/C2H4 
from laser powered homogeneous 
pyrolysis of butadiene (solid 
squares). Shown for comparison are 
model calculations for butadiene 
pyrolysis which are seen to depend 
critically on the thermodynamic and 
kinetic parameters of vinylic species 
(See text). 

Fig. 2 shows the product ratio C2H2/C2H determined experimentally and compares these 
measurements to model calculations varying 

When the usually Bccepted value heat of formation for vinyl radical is 
used (70 kcal/mole. curve A1 
of formation as suggested by 'recent shock tube data to 63 kcal/mole (curve B) leads to a 

a very poor fit to the data is obtainfd. Reducing the heat 

better fit, and the best fit is obtained with both a lower heat of formation and a reduced 
pre-exponential factor for vinyl radical dissociation8 Th$ opy;;~ r:-exponential factor 
determined in this work is in-the range 0.3 - 3 x 10 set . 
than the value 3 x 10' 
pressure value of 1.2 x 101~eetsec-f*t(curve cf* 

s#bstantially lower 
s imated rom a fall-off calculation assuming a high 
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