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Nucleotides protect DNA from the harmful effect of ultraviolet light by dissipating the absorbed energy incredibly fast. Easily accessible, low-energy crossings between the potential energy surfaces of the electronic states are crucial for the ultrafast non-radiative deactivation processes as they enable the system to relax to the ground state energy minimum.
In this study, we investigate the decay paths of 5-fluorocytosine in order to get a more detailed picture of the ultrafast deactivation of cytosine itself. Previous experimental results indicate that 5-fluorocytosine has an excited-state lifetime notably longer than cytosine (by a factor of 100 in solution [1], and 2 in gas phase [2]), thus, it is assumed that after substitution at the C5 atom, the same path can no longer be accessed that easily.
Three low-energy decay paths, which were able to explain the short lifetime of cytosine, were studied in the case of 5-fluorocytosine by CASSCF, CASPT2 and CCSD methods.
The first path, which involves an nO-[image: ]* state, is characterized by the elongation of the C-O bond and pyramidalization at the C6 and N1 atoms.
For the second path, the out-of-plane distortion of the N3 atom and the amino group are dominating. At the conical intersection with the ground state, the amino group is nearly perpendicular to the ring plane. At the CASSCF level, from the minimum of the experimentally excited [image: ]-[image: ]* state, a 0.36 eV high barrier leads to this conical intersection.
On the third decay path, a twisting around the C5-C6 bond can be observed along with the torsion around the C5 and C6 atoms leading to a rotation of the substituents in the opposite direction. Between the [image: ]-[image: ]* minimum and the conical intersection with the ground state an additional minimum was found. As this minimum lies 0.4-0.5 eV higher in energy than the [image: ]-[image: ]* minimum at both CASSCF and CCSD levels, the barrier corresponding to this path must be even higher. In the case of cytosine, considerably lower energy (about 0.1 eV) was needed to approach this intersection.
So far, our results indicate that decay along the second path is favoured. The barrier along the second path is still higher than the lowest barrier for cytosine, which can explain the difference in the lifetimes.
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