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Abstract

Halogen bonding is a directional noncovalent interaction established between a
halogen atom possessing an electrophilic region, known as the c-hole, and an
electron-rich species (nucleophile). It is commonly represented as R—XeeY, where
X denotes the halogen atom bearing the c-hole, R is the substituent group
covalently bonded to X, and Y is the nucleophilic moiety. This interaction plays a
fundamental role in drug design and crystal engineering. This study aimed to
review the role of the o-hole in determining the stability and strength of halogen
bonding, drawing on evidence from reliable sources. The findings indicate that the
strength and stability of halogen bonds depend on several factors, including the
polarizability of the halogen atom, the type and nature of substituent groups, the
distribution of the electrostatic potential, as well as the bond angle and geometry.
Among these, the role of the c-hole (i.e., the localized positive electrostatic
potential) is particularly critical. Heavier halogen atoms, such as iodine, generate
larger and more positive c-holes due to their higher polarizability, thereby forming
stronger halogen bonds. Moreover, electron-withdrawing substituents enhance the
positive potential of the o-hole, thus increasing the bond strength and stability. The
results further demonstrate that, in addition to the electrostatic attraction arising
from the o-hole, charge-transfer interactions and polarizability effects play
significant roles in reinforcing halogen bonding. Collectively, these features make
halogen bonds a key tool in drug discovery, crystal engineering, and the
development of advanced molecular systems. Despite notable progress, further
rigorous theoretical and experimental investigations are still required to provide a
comprehensive understanding of the mechanisms governing halogen bonding.
Keywords: halogen bonding, electrostatic potential, sigma-hole
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