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Under the action of an intense infrared laser field, polyatomic molecules will undergo
instantaneous dissociation which is shown by experiment to be not a thermal one but a
photo-dissociation induced by multiphoton absorption. We have worked out a theory
about this phenomenon, In the physical model suggested here the multiphoton photo-
dissociation process may be represented in the form of uni-molecular reaction i.e.

A (molecule) + W (many photons) —> A* (excited molecule) — B+4C (dis-
sociation).

After a molecule has absorbed photons, because of coupling between vibrational
modes this energy of the molecule is distributed on many vibrational modes but the energy
of each mode is not too great. After a certain time interval the “interference” between
the various modes of the excited molecule results in “‘deformation” of one of the bonds
beyond the breaking limit, hence giving rise to dissociation. The average length of this
interval determines the rate of disscoiation.

The excitation of a polyatomic molecule which is approximated by a multidimen-
sional anharmonic oscillator system includes two processes. In the first place, the ex-
ternal field excites a near-resonance mode. Secondly, this mode excites other modes thr-
ough anharmonic coupling with them.

The anharmonic oscillator in an external field has been calculated and its time ev-
olution operator U (t, o) is given below to the first approximation:

U (t,0) = UM (t, 0) =e"iwt(ata+1) eA(t) +E(D)a* et (t)a

This implies that the state of this one-dimentional oscillator is a “coherent state”, that
is to say the probability of the oscillator being in the state |n > at any instant t is

Py(t)=e7lal | £, |*/ny
This is a Poisson distribution, where &, (t) satisfies a non-linear equation and may be

solved by the Krylov-Bogoliubov asymptotic method. Digital calculation for a single
mode gives the following results:

(1) For the SF; molecule the calculation shows that the “threshold value” (i.e. the
value of light intensity under which the molecular dissociation rate increase rapidly) ac-
tually was close to a few tens of MW /cm? of light intensity (or a few of J/cm?® of ener-

gy)-
(2) Theoretical  calculation of the frequency “red-shift” is in agreement with ex-
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perimental observation; for SF, the peak of the curve representing the relationship be-
tween photodissociation and light frequency was shifted towards the long wavelength
end by several cm—1. :

(83) Theoretical calculation of the time required for an oscillator to be excited from
a very small (=0) amplitude to its maximum amplitude is 10~2°~10~1* second, which
explains the “instantaneous” nature of the experimental phenomena.

A further calculation has been made for the problem of forced coherent excitation

of multimode molecular system. So long as there is a near “Fermi resonance” (i.e. ?
njw; =~ 0, where n; is an integer), energy transfer between the various vibrational modes
is fairly rapid, of the order of 10 ps in our calculation. These excited vibrational modes
are also “coherent states”, and as a result of the lower order of Fermi resononce, the vi-
brational modes involved have already been effectively excited. In our calculations,
we have employed Slater’s uni-molecular reaction model to discuss the dissociation rate
of polyatomic molecules and have obtained results which are essentially in agreement with
experiments.
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