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SURFACES

The mechanisms of the photodissociations of single-isolated methanol
(CH30H) in the lowest singlet-excited (S;) state were systematically studied using the
complete active-space second-order perturbation (CASPT2) theory with the aug-cc-
pVDZ basis set. This theoretical study focused on nonradiative relaxation processes
that bring the So-S; vertically excited molecule to the products in their respective
electronic ground states. The relax-scan potential energy curves confirmed that the O—
H dissociation is the predominant exothermic process and that the formation of
formaldehyde (CH20) is the second preferential process, in which the O-H
dissociated species are the precursors for the reaction in the Sg state. For the C-O
dissociation, the relax-scan potential energy curves suggested a thermally excited
precursor in the So state, from which the vertical excitation leads to a transition
structure in the S; state, as well as the [CH3]" and [OH]" products in their electronic
ground states. The CASPT2 results also revealed a possibility for the
[CH30OH]-»[CH20H2] isomerization dissociation, in which another thermally excited
precursor is vertically excited and the C-O dissociation and intermolecular proton

transfer lead to the singlet and triplet [CH2]-[H20] H-bond complexes in their showed



v

that the C—H dissociation, which generates [CH,OH]" and [H]", is unlikely to be
electronic ground states. Analysis of the correlation interaction (CI) coefficients
unimolecular because of the lack of the electronic configuration inversion and
intersection of the So and S; states. The theoretical study concluded that the O-H
dissociation and the formation of CH;O and H> are kinetically controlled, whereas the
C-O and [CH3OH]-[CH20H2] isomerization dissociations are thermodynamically
controlled, and with the exception of the C—H dissociation, photons with
approximately the same energy can generate all of the products in their electronic

ground states.

These findings provide insights into the thermal selectivity and the roles
played by the multiconfigurational characters in the covalent bond dissociation, which

can be used as guidelines for further theoretical and experimental studies.
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