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ABSTRACT

A Theoretical Studies on Kinetics and Dynamics of Reaction of

Methyl Radical with Ethyl Radical

By

Zahra Homayoon

Association reaction of methyl radical and ethyl radical and
hydrogen abstraction from ethyl radical by methyl radical theoretically,
were studied. Ab initio calculations were carried out using the Gaussian 98.
Geometries of reactants, transition states and products were optimized at
HF/6-31G[D,P] and HF/6-311G[D,P] level of theory. Single point
calculations at MP4SDTQ level of theory carried out to calculate the
potential energy changes along the reaction coordinate.

The spin contamination has been taken into account in the
calculation of the energies in the Gaussian program and noted in the results
as PMP2. A harmonic force filed frequency calculation establishes the
nature of each stationary point. The barrier height, were calculated at the
UHF/6-31G(D,P), (P)MP2/6-31G(D,P), MP4SDTQ/6-31G(D,P), and
MP4SDTQ/6-311G(D,P) levels of theory corrected for zero point energy.

Kinetic parameters were calculated by canonical transition state
theory (CTST) two reactions and variational transition state theory (VIST)
for association reaction of ethyl radical and methyl radical by using two
Fortran programs. There is no barrier height in potential energy surface of
association reaction of ethyl radical and methyl radical. CVTS was used to
determine the position of bottleneck for this reaction. Barrier height for
hydrogen abstraction from ethyl radical by methyl radical was obtained
64.9 kJ/mol. The rate constant was calculated over the temperature range

100-3000 K. CTST was used with some modification such as tunneling
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effect and hindered rotations. The tunnel correction for hydrogen
abstraction from ethyl radical by methyl radical was calculated by two
expressions. The first method introduced by Shavitt and the second method
suggested by Brown. The tunneling factor is related to the frequency of an
imaginary vibration, v', in a well created by inverting the barrier. Hindered
rotation is one of reasons of curvature in Arrhenius plots. To calculate the
partition function for hindered rotations.we used two methods introduced

by Leblance and Pacey and by Pitt, Gilbert, and Ryan.
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Chapter One

Introduction

Gas phase radical-radical reactions have been activly studied for
more than 60 years. These reactions are the reverse of unimolecular
decomposition, and so their rate constants can be used to quantitavely test
theories of unimolecular reactions. In addition, the rate constants are
valuable in understanding the chemistry of combustion, hydrocarbon
cracking and air pollution.

Most experimental work has focused on the rates of radical self-addition,
with CH; + CHj receiving the most attention. Reactions between unlike
radicals have been studied less thoroughly, in part due to additional
experimental complexities involved.

One of the reactions, which have been studied several times experimentally,
is the decomposition of propane into ethyl radical and methyl radical. Only
a few investigations of the reverse of this reaction have been done.

Teng and Jones in 1972 studied kinetics of the reactions of hydrogen atoms
with ethylene and vinyl fluoride. He reported the rate constant for the
combination of ethyl radical and methyl radical in a chain reaction
mechanism for hydrogen atoms with ethylene as k=41.7x10'" exp (-
1.67kJ/RT) (1/mol s)."

In 1975 Lifshitz obtained the rate constant for the combination of these
radicals as 2.4x10'° (1/mol s) at 1050-1250 K. *

Thermal decomposition of propane in 1980 was studied by IR laser
absorption Kinetic spectroscopy. The rate constant for combination of these
radicals was 7.24x10° (1/mol s) at 1300-1700 K.

In 1982 propane thermal dissociation over the temperature range 1300 to

1700 K was investigated experimentally and theoretically. The rate constant

for the reverse reaction was 8x107 exp (47 39kJ/RT).*




In 1987 Anastasi and Arthur investigated the rate constant for the reactions
of CH, radical with C,Hs, i-C3H; and t-C4Hy radicals. The rate constants
obtained at 308 K were ( mol's™) 9.91x10%for hydrogen abstraction from
ethyl radical by methyl radical and 2.7x10' for combination of CH; and
C,Hs.”

In 1984 rate constant for association of these radicals was obtained at 300-
2500 K as 7x10° (1/mol s).°

The other results obtained for association of ethyl radical and methyl radical
are as: (1/mol s) k=2.72x10'" (T=308 K )', 8.91x10%exp(7.11kJ/RT)
(T=773-793 K )}, 2.75x10"(T=308 K ', 1.93x10"(T%**)(T=773-2300 K
)°, 2.83x10'%(T=300-800 K )'°, 4x10'°(T=290 K )"".

Also in 1962 Thynne studied hydrogen abstraction from ethyl radical by
methyl radicals at 351-521 K and reported the rate constant as k=5.5x10"."?
This reaction investigated also by Tsang and Hampson in 1986 at 300-2500.
They obtained the rate constant as k=1.95x 10"°(T)%* 1/(mol 5)."?

Because of the different results obtained in these studied the importance of
theoretical study become obvious. It is the goal of this work to investigate
the reaction between ethyl and methyl radicals in the two different

pathways. The first is the combination of these radicals
CH3 + C2H5"'C3Hg (1-1)

The second reaction is hydrogen abstraction from ethyl radical by methyl

radicals
CH3 + C2H5_'CH4 + C2H4 (1-2)

Radical combination reactions ar¢ more difficult to understand than the

other types of reaction. These reactions do not have a potential barrier; it
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has been difficult to choose a position for the transition state along the
reaction coordinate. In this work at first we used computational chemistry
to investigate association of ethyl and methyl radicals and then_the less
important reaction of these radical, hydrogen abstraction from ethyl radical

by methyl radicals was investigated.
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