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Experimental Details of the Computational Methods

The quantum chemical calculations have been performed with the Gaussian 09 package.®!
The geometry of [(CeFs)2(CsCls)B—H][H-TMP] has been fully optimized without symmetry
constraints (C; symmetry), using tight convergence criteria (keyword opt=tight in
combination with int=ultrafine). These calculations were done at the DFT level using
Grimme’s B97-D functional, which includes an empirical correction for intramolecular
dispersion interactions.>* Ahlrich’s triple-{ valence basis set extended by one polarization
function (TZVP) was used on all atoms.>® The presence of the crystal environment was
approximated by embedding the FLP pair into a polarizable continuum model (in the default
integral equation formalism variant, IEF-PCM).%* The chosen dielectric constant (¢ = 78.4)
corresponds to that of water. Subsequent calculation of the Hessian at the geometry of the
optimized stationary point and using the same level of theory (B97D/TZVP/PCM) confirmed
the presence of a true minimum (no imaginary frequencies). Initial coordinates were taken

from the single-crystal neutron diffraction experiment.
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Figure S1. Optimized geometry of [(CsFs5)2(CsCls) B—H][H-TMP] in sideview (top) and
rotated view (bottom), including selected bond lengths (A) and angles (deg) as well as the
crystallographic labels.
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The Wiberg bond index for the dihydrogen bond in 2 of 0.011 (Table S3) is indicative of significant interaction
between the two participating hydrogen atoms. This value is larger compared to the bond orders of the closest
H---X interactions between fragments in the dimer. The bond index can also be compared to the (H;NBHj3),
dimer, a prototypical example for dihydrogen bonding interactions (see J. Am. Chem. Soc., 1995, 117, 12875 and
J. Phys. Chem. 4, 1998, 102, 1873), schematically shown in Figure S2. For the latter we calculate a bond index
of 0.022 for the stronger (H-H 1.72 A) of two interactions present in this dimer, using a MP2-optimised
geometry with C; symmetry. The dihydrogen bond in 2 therefore is of the same order of magnitude as in the
dimer.

Table S1. Wiberg Bond Indices for selected bonds / interactions omparing both gas phase and
solution phase optimised geometries.

Bond Wiberg Bond Order
[(CsF5)x(CsCls)B—H] [H-TMP]
B-H(11) 0.8955
N-H(301) 0.7713
N-H(302) 0.7361
H(11)---H(302) 0.0109
shortest H---X contacts 0.0030 — 0.0500
(H3;BNH3),
H---H 0.0220
H*...-H* 0.0036

" 1.72A

v, H-=---- H S H

H

Figure S2. Schematic structure of the (H;NBHj3), dimer (with C; symmetry). Bond distances are given for the
geometry obtained from a MP2/TZVP optimisation. Bond metric data are identical to the ones reported by
Popelier (J. Phys. Chem. A, 1998, 102, 1873). Dihydrogen bonds are highlighted.

Table S2. Selected bond metric data of the optimized product complex (B97-D/TZVP), comparing both gas
phase and solution phase optimised geometries.
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[(CeF5)o(CeCls)B-H][H-TMP]

Distances | A exp (X-ray) exp (neutron) PCM(water) gasphase
H(11)-H(302) 1.844(2) 1.8047(12) 1.867 1.698
N-H(301) 0.897 1.030(8) 1.024 1.025
N-H(302) 0.882 1.038(9) 1.032 1.040
B—H(11) 1.353 1.203(9) 1.223 1.228
Angles | °

B—H(11)-H(302) 136.43(5) 139.5(8) 127.5 127.1
N-H(302)—H(11) 174.95(5) 174.4(9) 152.1 147.7

Table S3. Cartesian coordinates of the optimized geometry of [(C¢Fs)2(CsCls)B—H][H-TMP]
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