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Details for MD simulation

In order to generate an initial structure of the cluster model 2_35H,0, MD simulation was run for an
NVT ensemble at 300 K with a time step of 1 fs and a cut-off distance of 12 A using the AMBER11 package®.
ESP charges and GAFF force field parameters® were used for the cation. A solvation sphere was generated with
a radius of 20 A from the center of solute, resulting in a simulation sphere containing one cation and 1012
TIP3P water molecules. During the MD runs, the cation was fixed and only water molecules were propagated.
Two independent trajectories were run and the atom coordinates of the cation and closest solvent molecules
were extracted from the snapshot at 2 ps for each run to obtain the initial structure of the cluster model.

The initial structure of cluster model 2Cl_26MeCN was also constructed from a snapshot of an MD
trajectory. ESP charges and GAFF parameters were used for the cation and MeCN molecules. The simulation
box contained one cation, one chloride ion and 520 MeCN molecules in a rectangular cell of 38.9 x 37.2 x 33.7
A2, The cation was fixed and chloride ion and MeCN molecules were propagated with the SHAKE constrain.
The periodic boundary condition was applied and the cut-off distance was set to 9 A. From the snapshot at 2 ps,
the atom coordinates of cation, chloride ion and 26 closest MeCN molecules were extracted to construct the
initial structure of 2Cl_26MeCN. In the initial model thus obtained, the distance between the cation and CI
was shorter than that obtained by the geometry optimization of the ion-pair with the CPCM method. The initial
model was hence modified so that the position of CI relative to the cation was the same as the
CPCM-optimized structure, and then the modified model was subjected to partial geometry optimization with
the ONIOM (MP2/cc-pVDZ:PM3) method in which only the MeCN molecules were optimized. The optimized
structure was used as the equilibrium point for the subsequent calculation for PES.
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Fig. S1 Wavefunctions for the lowest four states (v = 0, 1, 2 and 3) of the in-plane motion of the bridging
proton in 2 on the 2D PES shown in Fig. 7 (top). The abscissa and ordinate are the X- and Y-coordinates,
respectively, of the proton. The contours are given from 0.05¢max t0 0.95¢max for v =0 or from —0.45¢ .« to
0.45¢max for the others. The positions of the nitrogen atoms are (+1.283, 0, 0). The minimum of the potential
energy is located at (+0.335, 0.467, 0).
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Fig. S2 Wavefunctions for the lowest four states (v = 0, 1, 2 and 3) of the in-plane motion of the bridging
proton in 2ClI_26MeCN on the 2D PES shown in Fig. 7 (bottom). The abscissa and ordinate are the X- and
Y-coordinates, respectively, of the proton. The contours are given from 0.05¢max t0 0.95¢max for v = 0 or from
—0.45¢max 10 0.45¢max for the others. The positions of N1, N1' and Cl are (-1.311, 0, 0), (1.311, 0O, 0), and
(—0.266, 3.095, 0.026), respectively. The minimum of the potential energy is located at (—0.442, 0.590, 0).

Fig. S3 Molecular structure of ion-pair 2CI optimised with the CPCM

method (Solvent = MeCN). The chlorine atom is drawn in green.




