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Background
There is very little information available about the dynamics of radical+radical

interactions. These processes are important in combustion being chain termination steps as
well as generating new molecular species. To study these processes, anew experimental
apparatus has been constructed to investigate radical-radical dynamics. The f~st radical or
atomic species is produced with a known concentration in a microwave discharge flow
system. The second is produced by pulsed laser photolysis of a suitable photolyte. The
time dependence of individual rovibrational states of the product is followed by absorption
of a continuous infrared laser. This approach will allow the reaction of interest to be
differentiated from other radical reactions occurring simultaneously. The experimental
approach is highly versatile, being able to detect a number of molecular species of particular
interest to combustion processes such as water, methane, acetylene etc. at the state specific
level. State specific infrared absorption coefficients of radicals can be measured in situ
allowing for the determination of the absolute concentrations and hence branching ratios for
reactions having multiple reaction pathways.

Recent Results
(a) Radical Spectroscopy

An important aspect of determiningg branching ratios for radical-radical or radical-
molecule reactions is the need for the measurement of absolute concentrations of radicals
or transient species and stable molecules. To this end, transition moments for several
transient species, CN, HNC and Br are under investigation.

In order to determine the branching ratio for the CN + HD reaction it was necessary
to determine the yield of HCN from the initial concentration of ~, hence, the absolute
concentration of the CN radical must be determined. The CN radicals were monitored
using the CN “red” system, A 2H + *V (2-O) band near 790 nm. The simultaneous

measurement of the concentration of HCN (001) + (000) infrared band at 3.0 microns was
used to calibrate the observed absorbance of the CN radical.

Work is also in progress to measure the vibrational transition moment for the HNC
H--N VI, stretching vibration. This information is valuable both from a theoretical view
point as well as from a practical one. Vibrational transition moments are sensitive to basis
set size and electron correlation effects and provide important information as to the quality
of the electronic wave function. There has been no previous determinations of vibrational
transition moments for this molecule; however, there are theoretical predictions at various
levels of theory.

For future work, it was felt that the determination of the magnetic dipole transition
moment between the spin-orbit states of the Br atom, ‘Pln -2P~nat2.71 microns would
be usefid. Bromoalkyl molecules, RBr, photolzed at 193 nm are a potential source of alkyl
radicals, R. By monitoring the Br atom concentration, the R radical concentration can be
determined. Again, the unknown Br absorbance was calibrated by comparison with the

known absorption of HCN (001) + (000) at 3.0 microns.
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(b) Reaction Dynamics
The reaction CN + Hz is prototypical of a fou~atom reaction system and as such

has attracted much theoretical interest. However, there is still some uncertainty in the
thermal rate constant near room temperature, although several recent measurements are in
excellent agreement with each other for the CN + & / D2reaction systems. It was felt
usefil to remeasure these rate constants using a different technique than previous workers.
In the present study, the CN radical was monitored using the CN “red” system using the A
2H *‘~ (2-O) band near 790 nm and the CN concentration followed using time-
resolved absorption spectroscopy.

Work has been completed on the accurate measurement of thermal rate constants for
the CN + H2/ Dz and HD systems over a modest temperature range 20-100 OC. Part of
this effort has been to measure the branching ratio for the formation of HCN and DCN
from the CN + HD reaction. These results provide a solid basis in order to compare
experimental measurements with theoretical calculations. In particular the complete
determination of all the possible kinetic isotope effec~~n this system will be useful in-
evaluating the influence of quantum mechanical tunnehng in this reaction system.
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