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A Method for Studying the Ground State Unimolecular
Dissociation Channels of Polyatomic Radicals
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* Allyl Iodide used as photolytic precursor to the
allyl radical

» Allyl radical dispersed as a function of
translational energy and therefore as a function of
internal energy

— We can study the 1somerization and dissociation
channels of the allyl radical as a function of internal
energy

— Allyl radical 1s produced with an internal energy range
that spans the barriers of the channels of interest



Allyl Radical Reaction Paths

H
" " 193nm l

Covyy
" Y

Direct allene
Isomerization to formation

N H 2-propenyl radical 60 kcal/mol
H"--)C—CZC 48.6 or 63.8 kcal/mol barrier barrier

2-propenyl radical

H
oH

Propyne formation ~ Indirect Je=c=cy s m

1 H H
. allene formation allene

HIII}'C C—C—H + H
4

propyne



Allyl radical dissociation/isomerization processes
when photoexcited near 240 nm (Peter Chen and YT Lee)
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Competing C-H bond fission channels
of the 2-propenyl radical
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Measure the Kinetic Energy E imparted to the
Halogen atom + Nascent radical to disperse the
radicals by internal energy. Then determine product
branching as a function of internal energy in the

radical.
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Figure from D. E. Szpunar, Ph.D. Thesis, University of Chicago, 2003



C-Cl fission gives 2-propenyl radicals
dispersed by internal energy
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Reprinted with permission from Reference
E 4, Fig. 5. Copyright 2001, ACS.
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Reprinted with permission from Reference 1, Fig. 1 (top), copyright 2000, AIP and
from Reference 4, Fig. 4 (top), copyright 2001, ACS.
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Reprinted with permission from Reference 1, Fig. 1 (top), copyright 2000, AIP and

The radical co-fragments of the slower
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Reprinted with permission from Reference 1, Fig. 1 (mddle), copyright
2000, AIP and from Reference 4, Fig. 7 (middle), copyright 2001, ACS.

Expt’l vs. RRKM branching ratio as a
function of internal energy in the radical
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RRKM prediction is 2.2 times higher.
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Expt’l vs. RRKM branching ratio 0.043

Data shows higher internal
energy onset for allene + H
and 1s fit well using RRKM
prediction k,(E)/(k (E)tk (E))
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Allyl radical dissociation/isomerization (allyl iodide precursor)
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Allyl radical dissociation/isomerization (allyl iodide precursor)
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Allyl radical dissociation/isomerization (allyl iodide precursor)
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A minor I(*P,,) channel produces near-threshold allyl radicals
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A minor I(*P,,) channel produces near-threshold allyl radicals
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How can allyl radicals be stable with internal energies over
15 kcal/mol 1n excess of the C-H bond fission barrier?
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Reprinted with permission from Reference 3, Figs. 3 and 6. Copyright 2003, ACS.
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Nascent allyl radicals stable due to a centrifugal barrier
to loss of an H atom from the central carbon atom
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* High translational recoil and long lever arm to the C;H; center of
mass results in significant partitioning of energy to rotation in the

nascent allyl radical (19 kcal/mol when E(C-I fission) = 24 kcal)

* Much of this rotational energy must appear in rotational energy of
allene because the orbital angular momentum of the H + allene
product recoil, | L | = Ul | Vel | b, is small due to the near zero
impact parameter, b and the small reduced mass, p

e Thus the barrier to unimolecular dissociation is higher than
expected
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Alter the centrifugal barrier by using allyl-d2 radicals

Larger u gives smaller centrifugal barrier, but what about b vs. b’?
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