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Differential reaction cross sections have been measured as a function of initial translational energy for the I atom ab-
straction reactions of Clatoms with Clizl, CoHs 1, C3H,1 molecules. At lower initial translational energy. long-lived col-
lision dynamics are observed which persist at higher initial translational energy for smaller impact parameter collisions but
a direct stripping component with a higher product translational energy appears for collisions at the largest impact param-

eters.

1. Introduction

The breakdown of long-lived collision dynamics
with increasing collision energy provides a direct
means of studying the extent of energy randomisation
in a polyatomic system. The osculating complex mod-
el [1] 2+ .Lmes a distribution of collision fifetimes
which decays exponentially with time and thusassumes
that a statistical description of the collision complex
behaviour may be applied when the mean lifetime of
the complex becomes comparable to its rotational
period. Indeed the osculating complex model has been
used to describe the exoergic abstraction of 1 atoms
from CH31 molecules by F atoms [2] as a function of
collision energy. In contrast the endoergic abstraction
by Br atoms [3] shows rebound behaviour. The near
thermoneutral abstraction of I atoms from alkyl iodide
molecules by ClI atoms might therefore be expected.
to exhibit transitional behaviour with the extent of
energy randomisation being influenced by the num-
ber of internal degreesof freedom of the alkyl radical.
Here the abstraction of iodine from a homologous
series of aixyl iodides by chlorine atoms has been
studied as a function of collision energy in order to
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test this expectation:

Cl+RI—~ICI+R, R=CH; C,Hs.C3H;. (1)

2. Experimental

The apparatus was the same as that employed in a
previous study of Cl + I, reactive scattering [4] using
a supersonic Cl atom beam produced from a high-
pressure microwave discharge source [3]. The velocity
of the Cl atom beam was varied over the range 1150—
1950 m s~ ! by varying the proportion of Cl, diluted
in excess He buffer gas and also by using Ne buffer
gas. The highest velocity corresponds to =55 Cl, in
in He and the lowest velocity to =107 Cl, in Ne.

The reactively scattered ICl product was measured

by a rotatable mass spectrometer detector using cross-
correlation time-of-flight analysis [6] 10 determire
the product velocity distribution at each laboratory
scattering angle.

3. Results
The laboratory angular distributions of ICl reaciive
scattering from Cl + CH3land C5Hsl are shown in

figs. 1 and 2. In both cases the right-hand-most disiri-
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Fig. 1. Laboratory angular distributions (number density) of
reactively scattered IC1 from Cl + CH3 1 as a function of ini-
tial translational energy £ = 56 k) mol™? (inverted open trian-
gles), £ = 41 kJ mol™! (open diamonds) and £ = 22 kJ mol™1
(open squares).
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Fig. 2. Laboratory angular distributions (number density) of

reactively scattered ICI from Cl + CaH;1 as a function of
initial translational energy.
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bution, shown by open squares and a broken line, cor-
responds to the lowest collision energy £ = 22 kJ
mol—!, the left-hand-most distribution, shown by
open inverted triangles and a solid line, to the highest
collision energy £ =~ 55 kJ mol—!, and the centre dis-
tribution, shown by open diamonds and a broken line,
to intermediate collision energy £ = 40 kJ mol—!,
Product velocity distributions have also been measured
at each laboratory scattering angle for each of these
angular distributions. A contour map of the laboratory
flux distribution for ICl product from Cl + C,Hgl at
the highest collision energy is shown in fig. 3 together
with the nominal Newton diagram. The kinematic
analysis of these data has been carried out using the
stochastic method of Entemann [7] with a two-com-
ponent mechanism consisting of a long-lived collision
complex with mild forward and backward peaking
and a sharply forward peaked stripping component.
The centre-of-mass angular distributions 7{#) and
product translational energy distributions A(E") ob-
tained from the analysis of the CI + C,Hs1 data at

the highest collision energy are shown in fig. 4. The
product translational energy distribution obtained
from the RRKM AM model {8] for the long-lived
complex component, shown by a solid line, lies at
lower energy than that for the stripping component
shown by a dashed line. The contribution of the strip-
ping component to the total reaction cross section at
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Fig. 3. Contour map of laboratory flux of ICl product from
Cl + CoH3! at an initial translational energy £ = 56 kJ mol™!
as a function of laboratory angle © and velocity v,
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Fig. 4. Centre-of-mass angular distributions 7(8) and product
translational energy distributions P(£") obtained for Cl

+ CyHs I at an initial translational energy E = 56 ki mol™!.
Solid lines for the longdived complex component, broken
lines for the stripping component and dot-dashed line for
the distribution of initial transhitional energy.

this energy is estimated to be =210%%. Scattering at the
lowest collision encrgy for Cl + C,Hs I showed only

a long-lived complex, while the stripping component
is just apparent at intermediate collision energy and
becomes quite pronounced at the highest collision en-
ergy, as may be judged from the increasing asymmetry
of the laboratory angular distributions shown in fig.
2. Similar centre-of-mass angular distributions 7(8)
and product translational energy distributions P(£")
to those shown in fig. 4 were used in the analysis of
the data for Cl + CH31. The long-lived complex alone
fitted the data at lower and intermediate collision
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Table 1
Reaction energetics: transiational threshold energy Eyy, and
reaction exoergicity ADg

Engergy CHjl CaHsl Callql
(k¥ mol™)

Ew 1923 =I5 ~10
ADy ~15:3 10 -5

energy for Cl + CH;1 with the stripping component
appearing only at the highest collision energy, as may
be judged from fig. 1. Similar measurements have also
been made on the Cl + C;H4I reaction. Both the
long-lived complex and the stripping component are
required to fit the data for Cl + C3H;1 at all the col-
lision energies but the stripping component becomes
more prominent with increasing collision energv. The
threshold function for Cl + CHyl was determined [9]
by measuring the total yield of ICl product as a func-
tion of collision energy. The resulting threshold energy
Ep islisted in 1able 1 together with estimated values
for the C1 + CyHgl. C5H4 1 reactions and the reaction
exoergicities ADy.

4, Discussion

The long-lived collision dynamics observed at lower
collision energy for each of these reactions is adequate-
ly described by the RRKM AM model [8] assuming
that energy is randomised over all the internal modes
of the complex allowing for the small quantum weight-
ing of the H atoms [10]. However the osculating com-
plex model [1] does not give a good description of
the breakdown of the long-lived complex dvnamics.
since a sharply forward-peaked component emerges
with a product translational energy distribution which
lies well above that of the long-lived collision complex.
It thus appears that direct stripping dvnamics occur
for collisions at the largest impacit parameters where
the high angular momentum of the collision impedes
the reactive trajectory from exploring the well on the
poteniial energy surface at small internuclear distances
due to centrifugal repulsion. Energy exchange with
internal modes of the collision complex. other than
motion along the reaction coordinate, is thereby im-
peded and direct stripping dynamics results. However
collisions at smaller impact parameters. which involve
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trajectories reaching the potential energy well, result
in long-iived collision dynamics. This is very similar to
the two-component mechanism proposed for the O
+ Cl, reaction [11] but the distinction between the
stripping and long-lived complex components is more
pronounced in the present case due to the larger num-
ber of internal modes provided by the alkyl radicals.
Thus the distinction between the osculating complex
model [1] and the two-component mechanism, though
modest for the Cl + CH;l reaction, is quite pro-
nounced for Cl + CoHgland C3HL

The high product translational energy of the direct
stripping component may be attributed to the effect
of a high centrifugal barrier for dissociation of the col-
lision intermediate with a large initial orbital angular
momentum L. If we assume that the long-range attrac-
tion varies as V(r) —1/r6 then the maximum barrier
is given {9,12] by

By~ (uL' i’ L2PE, @

where u, ¢’ denote the reactant and product reduced
masses, £ the initial translational energy and L’ the
final orbital angular momentum. Applying this for-
mula to the peak product translational energy for Cl
+ CoH;1 shown in fig. 4 indicates that L' ~3L and a
similar value applies to Cl + C3H41. However for ClI
+ CH;1 a lower fraction of the intitial orbital angular
momentum is disposed into final orbital angular mo-
mentum L’ = L. As a consequence of the light mass
of the CHg radical, a roughly equal fraction will be
disposed into ICl product angular momentum J*
%-;-L. However the scattering remains sharply forward-
peaked because it arises from a near collinear transi-
tion state [4] and the vectors L' and J' both lie near-
ly parallel to L.

Indeed it is remarkable that ICI product scattering
from a long-lived coriple: should be observed so close
to the energy threriold for the endoergic Cl + CH;1
reaction. Applicziion of RRKM theory [13] would
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indicate ihat the more energetically favourable disso-
clation of the collision complex back to reactants
should be the dominant pathway. If however disso-
ciation back to reactants disposes angular momentum
primarily into orbital angular momentum while disso-
ciation to product yields significant ICl product angu-
lar momentum, then a minimum angular momentum
barrier may be raised in the exist valley and compen-
sate to some extent for the endoergicity of the CI

+ CH;l potential enerzy surface.
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