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1 Supplementary Material

1.1 Characteristics of the simulation slab

The calculated O-O radial distribution functions (RDFs) gOO of the bulk at 390, 300, and 212

K together with the latest experimental results by Soper1 are displayed in Figure S1 together

with the RDFs obtained from the bulk region of our water slabs at these temperatures. To

compare the two, the slab RDFs were renormalized by the normalization factor of the bulk

N2
bVs/N

2
s Vb where N is the number of atoms in the bulk or surface simulation and V is the
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volume of the simulation box. Out of the different RDFs, we chose to focus on gOO because

it is the least affected by nuclear quantum effects.2 When compared with the most recent

X-ray diffraction results from Skinner, where the first peak is located at about 2.80 Å and

has a height of 2.57 and the second peaks is found at 4.5 Å with a height of 1.12,3 it is seen

that BLYP-D2/DZVP still produces an overstructured RDF profile at 300 K, as expected.

Compared to the 300 K results, the 390 K results of both the slab and the bulk calculation

are significantly closer to the neutron diffraction results of Soper measured at 298 K,1 in

line with the melting point studies of Yoo and Xantheas.4 On the other hand, as can be

seen from Figure S1 at 212 K the peaks of both the bulk and the slab calculation become

significantly sharper when compared to 300 K indicating a more ice-like structure. While

the slab results are in qualitative agreement with experiment, there are clear differences

between the radial distributions obtained from the bulk region of our slab and the actual

bulk calculations, which indicate that the central regions of our slab show only approximate

bulk behaviour. Especially in the case of the 212 K slab, the second peak is shifted to the

left in line with the higher densities obtained from our calculations for the bulk region of the

slab at all temperatures.

The parameters ρl, zGDS, and δ obtained by fitting Equation (1) of the main text to

the density profile are in Table S1. Here, the 300 K δ parameter value is in agreement

with the values obtained by Kuo et al. with BLYP/TZV2P in their paper with a 216 water

slab.5 While BLYP alone generally yields lower densities than expected for water, which then

become a little too high after diffusion is accounted for by the Grimme correction , in our

results the shifting of the gOO function to the left seen in Figure S1 is reflected in the higher

density values obtained from the fit and confirms that the central regions of the slab behave

only approximately as bulk water due to the size of the slab employed in the calculations.
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Figure S1: The gOO -radial distribution function for the bulk and bulk region of the slab at
different temperatures compared with experiment. The bulk RDFs are represented by solid
lines, while RDFs in the bulk regions of the slab are given by dashed lines.

Table S1: Gibbs dividing surface locations, δ values and bulk slab densities at different
temperatures

T / K zGDS/Å δ/Å ρl/(g/cm−3)

212 4.15 0.98 1.22
300 4.45 0.86 1.14
390 4.48 0.81 1.14
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1.2 Additional Discussion on the Methods

In terms of the basis set size adopted in this study, the fact that our bulk gOO peak positions

are in close agreement with those obtained by Baer et al. using the same functional and the

larger TZV2P basis set in the bulk region of a 216 water molecule slab,6 indicates that DZVP

is a viable alternative when a large number of trajectories need to be calculated. In addition

to ours, several previous studies used dispersion-corrected BLYP with a DZVP-sized basis

set.7–11 For example, utilizing exactly the same BLYP-D2/DZVP method as us, Murdachaew

et al.9 found good agreement in terms of geometries and a tolerable 15 % difference in ad-

sorption energies per water molecule compared to BLYP-D2/TZV2P in their study on the

deprotonations of H2SO4 in an aqueous system. In their study on the dissociation of HCl

in the same aqueous system, they found that DZVP combined with BLYP-D reproduced

well the adsorption energies of a single HCl or water molecule to the dry, hydroxylated silica

surface and structures obtained with larger basis sets up to molopt-TZV2P.8 With regard

to the BLYP(-D2) functional used in this study, while generalized gradient (GGA) exchange

and correlation functionals (XCFs) have been widely used for studying proton transfer re-

actions,12–14 due to self-interaction error for these reactions GGA XCFs underestimate the

proton-transfer barrier.15–17 As a result, the obtained proton transfer rates are exaggerated

and can be treated at most semi-quantitatively correct. While hybrid functional methods are

available to overcome most of these shortcomings,15 the computational costs associated with

hybrid methods make them unattractive to proton transfer processes in extended systems.18

1.3 Scattering at 0◦ angle at 300 K

The scattering results with 4kT kinetic energy at a 0◦ angle with respect to the surface

anti-normal are shown in Figure S2. Two of the trajectories behave identically to the ones

depicted in panel (b) of Figure 3 of the main text, showing dissociation times below 2 ps,

signifying a dissociation virtually upon impact with the slab. This observation combined

with the fact that the trajectories that are most likely to dissociate rapidly in thermal
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collisions are the ones that have the largest amount of energy normal to the surface at the

beginning of the calculation indicate that the reaction on the surface is mostly dependent

on the energy normal to the surface. The third, blue trajectory shows a recoil where the

HCl molecule as a whole first penetrates almost into the bulk and then bounces back to

the surface where it dissociates after about 4 ps. This behaviour was not observed in our

45◦ scattering trajectories, although some small recoil is visible in few of the trajectories in

panels (a) and (b) of Figure 8 of the main text.
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Figure S2: The H-Cl bond distance and the z component of the Cl atom as a function of
time with an incidence angle of 0◦.
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