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The cross section of the process (AB)* + M* — A + B + M, where (AB)* and M* are molecules in ex-
cited electron states, is computed. The desired cross section is expressed in terms of experimentally

known effective cross sections of the photodissociation of molecules and is of the order of 107" e¢m

in the range of thermal energies.

LET us consider the collision of two slow molecules
in excited electron-vibrational states. If the total en-
ergy of excitation of the molecules is greater than the
dissociation potential of one of them, then a process is
possible with decay of one of the molecules:

(AB)* +M* > A+ B + M. (1)

Here the molecule M can generally be found in an arbi-
trary final state. If the molecules (AB) and M are the
same, then the process that has been described is known
as autodissociation.

We shall assume that the excitation in the process
(1) is transferred from the molecule M* to the molecule
(AB)*, as a result of which the molecule M* goes over
into a much lower energy state (for example, the ground
state), and the molecule (AB)* goes over into a repul-
sion term and dissociates. Inasmuch as the Franck-
Condon principle in this case does not impose any strict
limitations on the energy of transition, then one can
consider the process (1) as the analog of the ionization
process of Penning.'’*! Here the probability of dis-
sociation in the collision of two colliding slow molecules
will be determined by the probability of spontaneous
emission of a quantum by molecule M (M* — M) and
the probability of absorption of this quantum by the
molecule AB ((AB)* — A + B). This makes it possible
to express the cross section of the process (1) in terms
of the experimentally observed quantities of the photo-
dissociation cross section and the lifetime of the excited
state of the molecule M*.

We now proceed to specific cases.

In collisions of slow molecules, when their velocity
of relative motion v is much less than the velocity of
motion of the electrons in the molecule, the process (1)
can be regarded as an adiabatic approximation. Further-
more, we shall assume that mv > 1, where m is the
reduced mass of the molecules AB and M. This allows
the relative motion of the colliding molecules to be re-
garded as classical motion in a rectilinear trajectory:
R’*(t) = p? + v&?, where p is the impact parameter, R the
distance between the molecules. .

Let the initial electron-vibrational state of the mole-
cules (AB)* and M* be described by the wayve function
@o. The function ¢, satisfies the equation He, = Eq@o.
After the collision, the system transforms into another
state and is characterized by the wave function ¢
(Hogk = Exgk). We shall seek a solution of the
Schrédinger equation

DWe shall use the atomic system of units: h=e=m=1.
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in the form
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with the initial conditions
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If the basic contribution to the collision cross section
is determined by the large distances (which is confirmed
by subsequent calculation), then we can write down Vp (t)
as the operator of dipole-dipole interaction

co(—o0) =1,
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where d, and d.; are the operators of the dipole moments
of the considered molecules, R the distance between
them and n = R/R. For simplicity, we shall assume that
the dipole moments of the molecules ‘‘follow’’ one
another during the time of collision (the ‘‘rotating
model’’). This approximation simplifies the writing
down of the interaction operator and adds only an unim-
portant error in the numerical coefficient in the expres-
sion for the cross section.

With account of the remarks made above, we have

2dlz dIZZ , (53.)
(pz + vztz)%
where dy,, is the projection of the dipole moment on the
axis joining the molecules. Substituting the function (3)
in Eq. (2) and reducing the latter to matrix form, it
must be taken into account that, by virtue of the form of
the operator Vp(t), only the matrix elements
<<po|vp |gk) differ from zero. We then get the following
equations for co and cy:
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With account of the initial conditions (4), we find
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It follows from (5a) that the matrix elements Vi (t)
differ appreciably from zero in the region |t| g p/v.
Therefore, the product Vi (t")V (t) gives the funda-
mental contribution in the interval tt' —t"| < p/v,
which, for thermal energies, amounts to |t' —t"|

~ 107" sec. The exponent in (7) makes a decisive con-
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tribution in the region |(Eo— Ep)(t” —t’)| < 1. Conse-
quently, for thermal energies, [E,— Eg| < 107 eV.
Inasmuch as the energy of the electronic transitions is
a quantity of the order of 1 eV, we can set Vko(t")

= VEo(t”)’ where Ep = Eo. Then _
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where pp is the density of levels of the final state.
After this, Eq. (7) is materially simplified:
1
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The solution of this equation has the form
t
¢y (t) = exp {— TP, S [ Vi (1) dz'] .

We get for the dissociation probability
w(p) =1 — [co(o0) [> =1 — exp{—3a®pz| (d1.d2:) i |* / vp®}.

Then the dissociation cross section is equal to
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In the integration over the impact parameter p in (8),
we take zero as the lower limit, since the important
contribution to the integral is made by large p.

In ordinary units, Eq. (8) takes the form

2/
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Equation (9) is sufficiently general and does not contain
the characteristics of specific molecules. We express
the matrix elements in (9) in terms of the photodissocia-
tion cross section and the probability of dipole radiation.
For the photodissociation cross section, we have

2
2
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while the probability of spontaneous dipole transition is

equal to
_— 4 3 i 2
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where w is the frequency corresponding to the energy of
the transition M* — M. Then, we finally get, in place of

©),
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Dissociation is possible in the collision if the total
dissociation energy of the molecules AB and M is larger
than the dissociation energy of the molecule AB. There-
fore, the molecule AB can be found both in the ground
and in the excited initial states. In the first case, the
cross section of the process (1) is expressed in terms
of the photodissociation cross section of the ground
state of the molecule AB. Knowledge of the photodis-
sociation cross sections of the ground state can be found
both in the experimental and theoretical literature (see,
for example,®”*!). If the molecule AB in the ground state
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is excited, then the photodissociation cross section of
this excited state appears in (10). This state is generally
unknown. However, if in the dissociation process, the
molecule AB transforms by the repulsive term, then one
must expect that the difference between the photodis-
sociation cross sections in the first and in the second
cases will be unimportant. Furthermore, this difference
is weakly revealed in the value of the dissociation cross
section, inasmuch as o ~ 6;/3. This allows us to obtain

the next characteristic estimate for the dissociation
cross section. It is known that the value of A for opti-
cally allowed dipole transitions in the molecules changes
in the range 10°—107 sec™, while the photodissociation
cross section changes in the range 107%°—107"® ¢cm®. For
the estimate, we take A = 10" sec™ and 0,4 = 107*° cm?®.
Then, for the velocity corre§ponding to tl?ermal motion
(m ~ 100) and fiw = 1 eV, we get o ~ 107 cm®. This
quantity confirms the initial assumption on the interac-
tion of the molecules at large distances and allows us
to draw the conclusion that the cross section of the
process considered is much greater than the gas kinetic
process.

Along with the basic interest, there is also practical
interest in the process (1). In recent years, so-called
chemical lasers have achieved wide circulation; in
them, the dissociation of molecules with subsequent
combination of the resultant radical and of an impurity
atom in a molecule with an excited vibration spectrum
is employed. For example, an infrared laser is ob-
tained with HF by photodissociation of the UFs molecule
with production of atomic fluorine (UFs + fiw — UF; + F),
which forms an excited HF molecule with hydrogen. tsd
The value of the photodissociation cross section for
uranium hexafluoride lies within the range (4—6)

x 107" ¢cm®.®! Since the dissociation cross section for
collisions of slow excited molecules is much greater
than this quantity, it is obviously more suitable to ob-
tain the atomic fluorine by another scheme, by introduc-
ing the resonant light absorber M in the reaction vol-
ume, i.e.,
M4+ ho— M,
M* L+ UFs—~ M+ UF; - T,

The considered process can probably be used in
other photochemical applications.
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