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Frequency-domain and time-domain transition state spectroscopy
for the cyclooctatetraene
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[Abstract] One of the most successful methods for observing the transition state of a
chemical reaction is to use a photodetachment process of a molecular anion. When the
geometry of a stable anion is similar to the transition state structure of the neutral reaction, the
photodetachment of the anion can be used to directly access to the transition state region.
However, detailed theoretical calculations should be performed to interpret the experimental
spectrum. In this work, we analyze the two types of transition state spectroscopy experiments;
frequency- and time-domain studies, of the cyclooctatetraene (COT) unimolecular reaction by
using the reduced-dimensionality quantum dynamics and the full-dimensional classical
dynamics calculations. The simulated frequency-domain spectrum was found to agree with
experiment, where the observed progression was associated with the bond-alternation mode.
On the other hand, we found that time-domain experiment provides the information on the
ring-inversion dynamics.
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Fig. 2. The simulated and experimental spectra. el
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Fig. 4. The calculated ionization efficiency
(a) the reduced-dimensionality quantum dynamics

calculations.

(b) full-dimensional classical dynamics calculations.
Fig. 3. The wavefunctions at the transition peaks.
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