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The role of non-covalent contributions to the origin of the molecular structure of benzene

Felipe Fantuzzi, Thiago Messias Cardozo and Marco Antonio Chaer Nascimento
Instituto de Química, Universidade Federal do Rio de Janeiro, Brasil

This work revisits the problem of the origin of benzene's structure using the GPF-EP (Generalized Product Function-Energy Partitioning) methodology, that allows the evaluation of interference (i. e. covalent) and quasi-classical (non-covalent) effects in different bonds and their role in the stability of the molecular system. The method was applied to investigate how these contributions vary along vibration modes that distort the ring, both in- and out-of-plane. The results show that, except for the symmetric breathing ring mode, covalent effects do not play a major role for the stabilization of benzene towards distortion. Furthermore, the particular bond pattern of benzene, which has been thought of as being exclusive of its planar D6h structure, has shown to be resilient to a number of geometry changes, including out-of-plane distortions, and therefore could be found in structures not usually associated with aromatic character. For the b2u mode, interference energy, E[INT], stabilizes a distorted structure (Figure 1A), while the partitioning of quasi-classical energy, E[QC], shows that the stability through this mode originates mostly from the nuclei-nuclei potential and from interactions between the σ and the π electrons, and interactions between these electrons and the core electrons (Figure 1B). Therefore, the σ and π electrons are, indirectly, equally important to the planarity and stability of the molecular structure of benzene – important aromaticity criteria – but by quasi-classical effects, and not covalent ones.
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