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Abstract

Using our ab initio configuration interaction potential energy surface for the C state of HCN,
we carried out classical trajectory calculations aimed at simulating the predissociation dynamics
of various vibronic states of HCN and DCN. Our results provide an interpretation of the experi-
mental photofragment excitation spectrum of this species. They also indicate that tunneling, which
had been postulated as a rate-determining step in the predissociation, is not substantial. Intramo-
lecular energy transfer seems to be the slow step. Finally, there is evidence that on a time scale up
to one rotational period, the predissociation kinetics is quite mode specific.

1. Introduction

An interpretation of the photofragment excitation (PFE) spectrum [1] of
C-state HCN has recently been put forth by our laboratory [2]. Our interpre-
tation was based on analysis of the experimental data together with an ab initio
configuration interation (C1) C-state potential energy surface which we com-
puted at more than 150 different HCN geometries (with the CN bond length
frozen). In this article we supplement this analysis via classical trajectory cal-
culations in an attempt to achieve a more quantitative understanding of the rate
and mechanism of predissociation of the various vibronic levels* (v;,v,) in the
C-state HCN. Because our desire is to address the predissociation of only those
vibronic states that do not involve excitation of the CN stretching mode, we have
not included the rcn degree of freedom in our potential surface. For situations
in which large amounts of energy reside in the CH stretching or HCN bending
modes, it is certainly likely that energy could flow into the CN mode. However,
even in such cases, our desire to study only the v3 = 0 lines in the PFE spectrum
allows us to restrict r¢n in computing our energy surface.

In the PFE experiment of MacPherson and Simons [1] (MS), light in the
wavelength range 130-155 nm is used to excite (linear) X 'Z HCN to various
vibronic levels (v,,7;) of the C!' 4’ state. The intensity and polarization of the
fluorescence of the B 2Z+ excited CN (produced by fragmentation of C-state

* The C-state’s CH stretching vibration frequency (labeled with quantum number »;) is ap-
proximately 2300 cm™'; the bending frequency (labeled »;) is approximately 800 cm™!. For the
DCN isotope, which MS also studied, the respective frequencies are 1450 and 650 cm~!. In generating
the CI potential surface, we froze the CN distance because we were interested in interpreting only
those lines in the PFE spectrum arising from »,»; excitation.
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