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Boron-based molecules featuring new structural motifs and bonding schemes have 
emerged and are promising in applications such as the activation of small molecules, 
homogeneous and heterogeneous catalysis, hydrogen production and storage, and 
materials for organic light-emitting diodes. To adequately describe these novel systems, 
high-level multireference approaches are usually required beyond standard density 
functional theory. In this work, we highlight recent developments in boron chemistry 
through the lens of computational chemistry and electronic structure theory. 
Particularly, we present studies on carbene-stabilised borylenes [1,2], diborylalkenes 
[3], boron-doped polycyclic aromatic backbones [4-6], molecules featuring boron–
boron multiple bonds [7,8], highly strained diborete biradicaloids [9], and analogous 
isoelectronic systems [10]. The results demonstrate that the reactivity, ground-state 
multiplicity, and bonding situation of these boron-based molecules are controlled by the 
electronic structure, which can be fine-tuned by e.g., systematic modifications on the 
carbene backbone structure and substituents. These boron-based systems hold great 
potential for the generation of a new class of transition metal-free catalysts and 
materials in various fields, including pharmaceutical, agricultural, renewable energy, 
and optoelectronic industries. 
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