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A diatomic molecule is considered as two hard spheres connected by a spring. It is imbedded
in a gas of hard-sphere atoms, which is assumed to be in thermal equilibrium at all times. Only
a one~dimensional model is considered, and the possibility of multiple collisions during an encounter
is neglected. The molecule is assumed to dissociate immediately whenever its vibrational energy
exceeds E. The density in the phase space of the diatomic molecule is described by the Liouville
equation for the isolated molecule with an added collision integral for collisions with the gas atoms.
Since the gas is assumed in equilibrium this integral equation is linear. The rate constant for dis-
sociations is found directly from the integral equation and (for small mass of the gas atoms) after
its reduction to a Fokker-Planck equation,

We consider the dissociation of a symmetrical diatomic molecule in a chemically
inert gas of monatomic particles. The gas is assumed to be in thermal equilibrium
at all times. As an illustration one may think of a dilute solution of iodine molecules
in an inert gas. The molecule is assumed to be two hard spheres connected by a
spring and the gas atoms are assumed to be mass-points. The problem will be dis-
cussed classically and quantum-mechanically, using Bohr-Sommerfeld quantization.
In order to simplify the calculations we shall treat only the one-dimensional case, so
that the molecule would more correctly be described as two pistons connected by a
spring. The criterion for reaction is taken to be that the vibrational energy of the
molecule reaches a certain value E, which is assumed to be identical with the spectro-
scopic dissociation energy.

The reason for choosing this model is that the weak interaction theories, which
have been the main centre of interest recently 1+ generally give rate-constants
which are much lower than the experimental values. The hard-core potential we
have chosen here is certainly not realistic, but it will probably reveal the more im-
portant features of a strong interaction theory.

Although the present theory by the choice of interaction potential is a strong
interaction theory, we can, by letting the concentration ¢ of gas atoms go to infinity
and the mass of the gas atoms go to zero (so that ¢,/m is finite), obtain a Fokker-
Planck equation for the motion of the diatomic molecule in phase-space. In this
way the present theory makes contact with weak interaction theories.

CLASSICAL THEORY

Let M be the mass of the atoms in the molecule, m the mass of the gas atoms and
p(p.q;t) the density in oscillator phase-space. Let us furthermore in the beginning
assume that the centre of gravity of the diatomic molecule is fixed in space so that
we consider the motion of one piston of mass M, cross-sectional area 24 and co-
ordinates in phase-space p,q. The motion takes place in a harmonic potential (for
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energies smaller than E) and under the influence of bombardment by particles of mass
m coming from a gas at equilibrium.

For the density in phase space we then have

dplot+(p,H) = [K(p.q,p’sa")p(p'sa' )dp'dg’ —p(p.g,0IK(p'.q",p,q)dp'dq’ (1
as derived by Bergmann and Lebowitz.5 Here (p,H) is the Poisson-bracket and the
kernel K(p.q.p’.q') is
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where 7 = m/M and B = 1/kT. Since the colliding particles are hard spheres, the
co-ordinates of the particles do not change during an encounter and the kernel
therefore contains d(g—¢g’).

In the derivation of this equation, multiple collisions in the sense of Widom 6
have been neglected. Since most cases amenable to an experimental investigation
correspond to y<1, for which multiple collisions are of minor importance, this is
presumably a reasonable approximation.

If, in the above equation, we change to energy-angle variables and assume the
density in oscillator phase-space to be angle-independent, we get

a r ’ ! 1

3 tﬂ(s,t) jK{c,b )p(e',)de’ — - g)p(e,t). (3)
where & is the vibrational energy of the oscillator and (g) = [[K(¢',6)de’]~! is the
relaxation time for change of energy of the oscillator. The kernel K(g2) is related

to K(p.q.p',q") by
. [K(p.g.p,q)[H(p,q)—elo[H(p',q")—¢']dpdgdp'dg’
K(ee') = AV (e)de : “4)

where V() is the volume of phase space for which the energy of the oscillator is less
than e.

The rate constant for escape is now determined by summing p(e")K(e.e") over all
initial energies &' <E and all final energies e> E. This leak of particles out from the
potential well will of course change p so that it is not the equilibrium distribution,
but if the well is sufficiently deep we can, to a first approximation for p, use the
equilibrium distribution Z(E)™! exp (— fe'), where Z(E) is the partition function for
the bound states. This is essentially a perturbational approach, and the resulting
rate constant will therefore approximate the true value of the rate constant better
than the equilibrium distribution approximates the correct distribution. This
argument leads to the following expression for the rate constant,

_ [, [Fexp(=pE) dve, ,
k= J.z dﬂ_[o Z(E) K(e,g") 3 de’, (3

and we shall see later in connection with the quantum case that the value of the rate
constant obtained from this expression is identical with the one obtained by a more
orthodox perturbation method.

The expression for k can be thought of as merely stating the rather obvious fact
that the particles which escape from the potential minimum will not all jump from
the bottom of the well. Rather there is a distribution of particles on the possible
energy levels in the well, and from all these levels there is a possibility of leaving the

























