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Supplementary material 1: Density functional theory (DFT)

The calcite surface (10-14) was initially relaxed using DFT for further molecular dynamics
(MD) simulations. Given that DFT is a quantum-mechanical based method, it allowed us to
obtain a very accurate starting geometry for later water molecule addition. As surfaces are
known to play a major role in a range of interfacial phenomena (adsorption, non-zero dipole,
local defects, etc.), we have used DFT to avoid spurious effects which are hard to be traced in
the later stages. DFT calculations were performed using a setup validated by King et al.”. DFT
calculations were performed using a linear combination of atomic orbitals (LCAQO) basis set as
implemented in the all-electron code CRYSTAL (2017 release)*® where the atoms were
described using basis sets from Valenzano et al.®. The global hybrid B3LYP exchange-
correlation functional®® was used without further modifications. The mixing of non-local Fock
and semi-local exchange provides a reliable representation of electronic and structural
properties of a range of oxide compounds’®. Long-range dispersion corrections were included
using the semiempirical D3 approach of Grimme et al. with Becke-Johnson damping'®'?. Bulk
calcite was described in the R-3c¢ (#167)" space group, as obtained from the American
Mineralogist Crystal Structures Database™. The Coulomb and exchange series are summed
directly and truncated using overlap criteria with thresholds of 10%, 108, 108, 1078, and 1076
as described previously*'®. The condition for the self-consistent field (SCF) convergence was
set to 10 au on the total energy difference per cell between two subsequent cycles. Reciprocal
space was sampled according to a regular sublattice with a shrinking factor (input IS) of 7.
Within DFT, the surface was modelled as a two-dimensional periodic slab, where no three-
dimensional periodicity was imposed. To characterize the surface, the surface energy (y),

indicative of thermodynamic stability, is calculated using the following equation:

_EMm) —nEpu
2A
where E(n) is the energy of the slab containing n-layers, E},,;x the energy of the bulk, and A

(ST)

the area of the slab. The calculated surface energy 0.49 J/m? for the calcite (10-14) surface,
corresponds well to earlier calculated values'. This surface geometry has been utilized as a

starting point for subsequent molecular dynamics simulations.
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Supplementary material 2: £, convergence

In one of our five simulation runs for the 3-nm channel and the highest investigated salt
concentration (¢ = 2 M), the system had not fully converged by 40 ns, prompting us to extend
the simulation to 70 ns. The convergence of €, over time is shown in Fig. S1. Interestingly, the
permittivity values between 40 ns and 70 ns differed by only 1.4%, indicating that the values
at 40 ns were already very close to the final stable state. All other simulations were fully
converged by 40 ns, so no further extension was needed (as illustrated in Fig. 2 of the

manuscript).
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Figure S1. Average £, as a function of time for one of five simulations with conditions H
=3 nm and ¢ = 2 M. We extended the simulation to 70 ns to ensure full convergence of the
perpendicular dielectric permittivity.
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Supplementary material 3: Dipole orientation inside the 1-nm channel

We analyzed the dipole orientation of water molecules within a 1-nm channel for pure and
saline (¢ = 2 M) water. No meaningful differences were observed due to salinity (Fig. S2). As
evident in Fig. 4c of the manuscript, water forms two dense layers near the calcite surface. We
examined the dipole orientation in these dense layers for both pure and saline water. The
orientation distributions for pure and saline water are extremely similar (Fig. S3). Dipole
orientations in the first and second interfacial layers are consistent with the findings reported
by Songen et al.".
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Figure S2. Water molecules' dipole orientation in the bottom half of a 1-nm channel for
pure and saline (c = 2 M) water. In both cases, the surface controls dipole orientations, and
no significant changes are observed due to salinity.
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Figure S3. Dipole orientation of water molecules in the first and second dense layers near
the calcite surface (H = 1 nm) for pure and saline (c =2 M) water. No significant changes
are observed due to the presence of salt ions in the solution.
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