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When low-energy electrons interact with molecules, they can give rise to transient anion states, commonly known
as resonances. These states are formed through vertical electron attachment processes and have the potential to
induce various forms of DNA lesions, including base damage, single- and double-strand breaks, crosslinks, and
clustered lesions that are challenging to repair. So far, most experimental and theoretical studies have investigated
the formation of resonances of (bio)molecules in gas phase or in microsolvated environments.

Since cellular environments are mainly composed of water molecules, it is crucial to understand how bulk water
affects the resonances of (bio)molecules. Given the existing gap of studies on resonances of bulk-solvated
molecules, we propose a novel theoretical-computational approach ! to address this void, in the framework of DFT
and TDDFT, which were recently shown to be able to describe the attachment of an extra electron whether it is
located in a valence state 2 or in a long-range state 2, and a QM/MM scheme taking into account solvation effects.
Our approach combines the Multi-Basis-Set (TD-)DFT 2 and self-consistent sequential quantum
mechanics/molecular mechanics polarizable electrostatic embedding (scPEE-S-QM/MM) 4 methods.

We apply this combined methodology to predict the vertical electron attachment energies of 1-methyl-5-
nitroimidazole (LM5NI), a well-known radiosensitizer model, in bulk water. We analyze the rapid mutual
polarization between the resonances (both shape and core-excited) of 1M5NI and the surrounding bulk water
environment. Overall, while the polarization of the environment is clearly sensitive to the solute charge, causing a
significant impact on the vertical electron affinity and consequently on the attachment electron energies, it does
not have a significant impact on the excitation energies of the anion.

Electron attachment on bulk-solvated 1M5NI
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Figure 1. Depiction of the vertical electron attachment energy (VAE) computed with the combination of the
Multi-Basis-Set (MBS) and scPEE-S-QM/MM methods.*
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