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Table S1: Gibbs energy of attachment (ki mol™) of 'H, and separation factors (unit: 1) of interest between different

isotopologues.
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Table S2: Wavenumbers (cm+1) of characteristic high-frequency vibrations for different B1zX11H;~ species (see Figure 4 of the
article) at the PBEO-D3(BJ)/def2-TZVP level.
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Table S3: Zero-point energy differences (ki mol™), Gibbs free energies (k) mol™) and equilibrium constants (unit: 1) for the
exchange of the H nuclei in the global minimum structures of Bi2X;1H.~ with heterolytically dissociated heteronuclear H,.
Energies are positive (equilibrium constants < 1) when the heavier nucleus is preferred in the positively polarized position.
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Figure S3: Electron density along z axis if the center of H is placed at the origin and B° s placed on the z axis (at
approximately z = -1.25A depending on z). Excluding X = F, the B:,X;;™ electron density is consistently lowest for X = CN and
highest for X = H for all distances, which is in line with the weakest and strongest Pauli repulsion, respectively. For X = F, the
H-H bond is more elongated (resulting in a more delocalized and overall lower electron density), but H, is also much closer
to B°resulting in a different shape of the electron density with more overlap between Bi;X;~and H,, leading to an overall
high Pauli repulsion.
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