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Free radicals like NO3 and CH3O often exhibit significant vibronic couplings. Past experimental and theoretical works
on both these molecules have indicated the need for higher order potential energy surfaces than those available at the time
of study, to enable a better understanding of the experimental results e.g. studying the vibronic structure of the Ã 2E′′ state
of NO3 radical1 and the spin-vibronic structure in the C-H stretch region of the X̃ 2E state of CH3O radical2 . A typical
problem with generating such potentials is the extremely high number of parameters required to represent them accurately.
In this presentation, we talk about generating up to sixth order potential energy surfaces for molecules with three-fold
symmetry. Molecular symmetry properties have been used to significantly reduce the number of independent parameters
in the potential part of the corresponding spin-vibronic Hamiltonian matrices. Machine-learning-based methods have been
developed to fit adiabatic potential energy surface data that have been obtained using electronic structure calculations. The
improved quality of the new potentials is evidenced by comparing the predicted and observed values of spectral parameters.
Improvements to the SOCJT3 software3 used for solving the vibronic and spin-vibronic problems will also be discussed.
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