Radiochimica Acta 28, 215-220 (1981)
©Akademische Verlagsgesellschaft, Wiesbaden 1981

Quasiclassical Trajectory Study of Hot-Atom Reactions of C(1 D) with HI*
By P. M. KROGER* and J. T. MUCKERMAN++, Brookhaven National Laboratory, Upton, New York 11973, U . S . A .
(Received March 17,1980)

the detailed dynamical behaviour of a model system with
novel chemical properties. Previous quasiclassical trajectory
studies of 0 ( ' D) and C(' D) reactions with isotopie hydroAbstract
gen molecules [3,4, 5], which also employed VB-DIM
potential energy surfaces, showed that at low collision
Extensive quasiclassical trajectory calculations using a valence
energies the reaction proceeds primarily by "insertion" of
bond diatomics-in-molecules potential energy surface indicate
that in reactions of CO D) with HI the products CI + H should be
the 1 D atom into the H—H bond to form an intermediate
slightly favoured over CH +1, the more exothermic products, at
H2 O or CH2 1 A' complex, which subsequently decomcenter-of-mass collision energies below ~ 2.5 eV. Above that enerposes to products. At higher energies the importance of
gy, CH is the only diatomic product formed, but this high-energy
CH product may dissociate upon subsequent collisions in a hota direct "abstraction" process to form the same OH + H
atom experiment with a neon moderator. At the lower energies,
or CH + H, products increases. In the case of 0 ( ' D) + HD,
nearly all the reactive collisions proceed via an insertion/decompoat a relative collision energy of 2.0 kcal mole - 1 , it was
sition mechanism. At higher energies, direct abstraction processes
increase in importance.
found [5] that of the products formed via the intermediate
HDO complex, OD is favoured over OH by a factor of 5.6.
Since classically the OH and OD bond energies are equal,
this strong preference for the OD molecular product must
Introduction
reflect only a mass effect. In the present study, the mass
difference between the two possible "leaving groups" (H
Recent experimental work [1 ] on the reactions of enerand I compared to H and D) is greatly exaggerated. The
getic carbon atoms in gas phase hydrogen halide systems
bond strength effect, however, would be expected to ophas led us to carry out a quasiclassical trajectory study on pose the mass effect, favouring the formation of the most
such a system. Using a valence bond diatomics-in-moleexothermic set of products (CH +1). It is of considerable
cules (VB-DIM) potential energy surface [2], we have ana- interest to ascertain the relative importance of these oplyzed the attributes of reactions (1), (2), and (3) at several posing factors in the "unimolecular" decomposition of
relative collision energies between 0.1 and 10.0 electron
collision complexes.
volts:
The electronic Hamiltonian for the present study is constructed from the diatomic and atomic potentials accordCODJ + HI-'-CH^rrç + I
(1)
ing to the formula
—*• CI( 2 n) + H
(2)
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calculations

- > C ( 3 P ) + H + I.

(3)

In formulating our set of valence bond basis functions
for the C—H—I system, the carbon atom (with electronic
configuration ls 2 2s 2 2p 2 ) is treated as a two electron
(p 2 ) atom, not allowing for any hybridization of the
atomic orbitals. We also have chosen to ignore the directional character of the p-orbitals on iodine and to treat it,
as far as electronic configuration is concerned, in precisely the same manner as the hydrogen atom. As we are only interested in the qualitative features of the reaction
dynamics, we do not believe this to be an unreasonable
approximation to make.
There is, in fact, a dual motivation for the present study.
The first is to investigate the qualitative features of the
reaction dynamics of the C(' D) + HI system for comparison with the results of experimental studies. It should
be noted, however, that the experimental work to date
[1 ] has dealt with an uncharacterized mixture of C(' D)
and C(3P), and perhaps even C(* S) reactions. Here we
consider only those of C(' D). The second is to elucidate

c d>c

c

where Hcd is the Hamiltonian matrix for the cd diatomic
molecule and Hc is the Hamiltonian matrix of atom c.
Once the appropriate diatomic and atomic data have
been obtained, the potential energy surface is calculated
by solution of the secular equation
\H~ ES| = 0

(5)

where E is the potential energy (here we consider only
the lowest-energy 1 A' electronic state) and S is the overlap matrix.
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