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The isomerization of methyl isocyanide to acetonitrile is a textbook unimolecular
reaction, which was experimentally studied in detail (for an extensive range of temperatures and
pressures in the fall-off region) by Rabinovitch and coworkers more than 50 years ago [1,2]. On
the basis of constructed models and statistical Rice-Ramsperger-Kassel-Marcus (RRKM) theory,
Rabinovitch and coworkers were able to satisfactorily reproduce their measured rate constants
in the fall-off region, thus validating RRKM theory [1]. However, such kinetics calculations (using
man-made models for transition state structural and vibrational parameters) are very empirical
and unsatisfactory. In 1980, Schaefer and coworkers [3] used SCF/DZ+P theory to obtain ab initio
rovibrational parameters for stationary points and an activation energy of 43.7 kcal/mol, 5.3
kcal/mol higher than the experimental value of 38.4 kcal/mol. Using these SCF rovibrational
parameters and the experimental activation energy, Hase [3] computed thermal rate constants
at the high-pressure limit with transition state theory (TST). The theoretical results were about
50% higher than the experiment [3]. Theoretical data in the fall-off region were not available for
comparison.

In this work, for the first time, thermal rate constants for the title reaction are computed
from first principles for a wide range of temperatures and pressures in order to construct fall-off
curves using high-level calculations. The potential energy surface was first constructed using the
HEAT-345Q protocol [4-6], followed by solving a two-dimensional master equation to obtain
k(T,P), where microcanonical rate constants, k(E,J), were computed using the SCTST/VPT2
approach [7-10]. The calculated activation energy is 38.25 * 0.25 kcal/mol, in excellent
agreement with the experimental value of 38.4 kcal/mol. Thermal rate constants calculated at
the high-pressure limit for three temperatures (199.4, 230.4, and 259.8 °C) agree well (within

10%) with experiment. The experimental fall-off curves can be reproduced nearly perfectly using



an average energy of 2000 cm™ transferred per collision in a downward direction [2,11] (see

Figure 1 below).
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Figure 1: Fall-off curves for the isomerization of CH3NC to CH3CN: symbols are experiment; dash-

dot lines are theory.



