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Computational details.

The exchange-correlation potential was parametrized using the Perdew—Burke—Ernzerhof (PBE) [1] functional
within the generalized gradient approximation (GGA). The projector-augmented wave (PAW) [2] approach
was utilized to portray the pseudopotentials of the elements. To expand the electronic wave function, a plane-
wave basis set with a kinetic cutoff energy of 400 eV was utilized. The cell size is 22.97808 A x 23.35127 A
x 42.20633 A. A vacuum space of ~15 A among the slabs was included in the nonperiodic dimension of all
calculations involving oCB layer, to hinder the unrealistic interactions among adjacent images. The electronic
relaxation convergence threshold between consecutive steps in total energy calculations was less than 107 eV.
The truncation criteria for structural optimization (ionic loops and lattice constants) were set to 0.01 eV/A. The
reciprocal space sampling was limited to the Gamma point, given the large size of the adopted supercell.
Additionally, long-range dispersion effects were considered based on the D3 approach from Grimme,
incorporating the Becke-Johnson damping function.[3-4] The magnetic configuration was left to change
during the self-consistent field iterations. Ab Initio Molecular Dynamics (AIMD) simulations were performed
using a microcanonical ensemble approach at a constant temperature (100, 200 and 300 K) for a total
simulation duration of 1 ps in the case of T= 100 K or 200 K and 1ps in the case of T= 300 K, employing a
time step of 1 fs. We explored the impact of solvation method using a self consistent continuum solvation
approach within VASPsol++, choosing the water as solvent of reaction as experimentally obtained. We added
the entropy effect using the values reported in the literature. [5-11]

Table S1. Adsorption energies in solvent phase (water) of the different species reported in Figure
5 and Figure 6.

AG in Solvent | oCB layer N(CH,),ClI* | NaSCN CeHsCH,Br | CeHsCH,SCN NaBr

-92.0576 -24.6178 -91.0354 -109.784 -5.93643

Energy (eV) | -1832.10038086

Table S2. The adsorption energies in solvent phase (water) of the different species reported in Figure
5 and Figure 6.

Adduct in Adduct in Figure | Adduct in Figure

AG in Solvent | Figure 5a 5b Sc Adduct in Figure 5d | Adduct in Figure 5e
-1924.823185

Energy (eV) -1924.68042162 -1924.60586598 - 1924.77036634 -1924.33396299




Table S3. The adsorption energies in solvent phase (water) of the different species reported in Figure

5 and Figure 6.

AG in Solvent

Step 1

Step 2

Step 3

Step 4

Step 5

Energy (eV)

-1924.82318545

-1949.66948855

-2041.19855419

-2040.62150891

-2040.92546948

Table S4. Comparison of the C-N distances and C-N-C angles of the two quaternary ammonium ions.

C-N distances (A)

C-N-C Angles (°)

Tetramethylammonium ion

1.51,1.51,1.51,1.49

108.69(2), 108.65(5), 110.23(0), 113.02(2)

2HTion

1.50,1.52,1.50, 1.53

108.57(3), 109.60(2), 106.86(8), 113.50(7)

Adsorption of tetramethyl ammonium chloride (N(CH;) ;/*CI).







Figure S2. Optimized atomic structures for the initial intermediate of N(CH;)," ion over a carboxylate
species.

The oCB/2HT adducts.

Adduct3
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Figure S3. Optimized atomic structures for the initial intermediate 2HT over oCB. The energy costs

of the adduct 2HT/oCB/CI- formation in gas phase are reported in eV. The distances are reported in
A.
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Figure S4. DFT-calculated Sx2 substitution nucleophilic reaction in gas phase. The inset shows the
structure of each intermediate. Binding energy variations are reported in eV for each step, (gray atoms
represent carbon, red atoms represent oxygen, cyan represent sulfur atoms, yellow represents sodium
atoms magenta represent bromine atoms, green represent chloride atoms and light gray atom represent
hydrogen atoms).

It must be noted that the neglection of the solvent effect in the present model leads to an
overestimation of the actual desorption barrier, compare the free energies reported in the main text
(Figure 6) with the energies here reported.
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