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Abstract 
Pressure-induced hydrogen bond symmetrisation (PIHBS) has been 
thoroughly studied in hydrogen halides HX (X= F, Cl, Br), mostly in 
relation to the search for metallic hydrogen and the high-temperature 
superconductivity in hydrogen-related systems [1-3]. In these 
molecular systems, the PIHBS occurs due to the pressure-induced 
polymerization of the HX molecules. Using ab initio calculations, we 
demonstrate that the resulting symmetric X‒H‒X bonds in dense HX 
halides form through a gradual redistribution of electron density, 
evolving from localized two-center bonds into delocalized multicenter 
interactions. A systematic bonding analysis reveals that this process 
does not result in the formation of electron-rich multicenter bonds 
(ERMBs), or three-center four-electron (3c-4e) bonds, as might be 
expected for a hydrogen bond according to the IUPAC definition, and 
as occurs in the biflouride anion, HF2‒ (Fig. 1a). Instead, electron-
deficient multicenter bonds (EDMBs), more specifically three-center 
two-electron (3c-2e) bonds concatenated in a zigzag arrangement, 
are formed in dense HX halides (Fig. 1b). The formation of EDMBs 
proceeds in several stages as already verified in other compounds, e.g. pnictogens and chalcogens [4], alkaline AX3 
halides [5], and AIO3 perovskites [6], as proposed in the Unified Theory of Multicenter Bonding (UTMB) [7,8], which 
enables the characterization of bonding regimes that challenge classical definitions and expand our understanding of 
molecular and solid properties. 
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Figure 1. Scheme of the PIP and PIHBS in HX 
hydrogen halides: (a) Process leading to ERMB 
formation. (b) Process leading to EDMB formation. 


