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1 Supporting figures and tables
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Figure S1: Initial set-up of system before compression. Arrows indicate movement of walls
due to an applied force equivalent to 1 bar to adjust fluid density.
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Table S1: Dangling oxygen PM, selectivity, number of adsorbed ions (if ad-
sorbed) and coordination number of adsorbed ions. Letters I, V and G stand for
Isolated, Vicinal and Geminal respectively. Left and right indicate the surface
of the dangling oxygen from figures 8 and S3

Loc. Type PM  Specificity Na® CNy+ Ca?* CNy 2+
left A% 1.04 0.34 1.04 3.57 1.00  5.67
left A% 1.02 -0.03 1.00 3.27 1.00 6.12
left A% 1.00 0.15 1.00 3.57 1.00 491
left A% 1.03 0.10 1.00 3.73 1.00 5.03
left G 1.01 0.61 1.00 3.83 1.00 5.04
left \Y 1.03 -0.55 1.00 4.01 1.00  5.19
left I 1.03 0.52 1.00 3.85 1.00 6.14
left A% 1.04 0.53 1.12 3.96 1.00  4.65
left A% 1.03 0.48 1.01 3.62 1.00 4.00
left 1 1.04 0.05 1.11 3.23 1.00 5.57
left 'V 1.04 0.73 1.29 3.63 1.00  3.80
left V 0.99 0.00 0.00 0.00 0.00  0.00
left G 1.03 -0.23 1.00 4.07 1.00 5.16
left A% 1.04 -0.62 1.00 4.71 1.00 5.13
left G 1.02 -0.35 1.21 4.16 1.00 5.17
left 'V 1.01 0.50 1.00 4.53 1.00 543
right I 1.05 -0.52 1.00  2.95 1.00  5.04
right V 1.08 -0.46 0.00 0.00 1.00  5.77
right G 1.01 -0.65 1.00 3.69 1.00 4.44
right G 1.00 -0.40 1.21 2.85 1.20 4.12
right I 1.06 -0.25 1.00 4.27 1.00 5.43
right G 1.03 0.18 1.00 2.89 1.00 4.31
right 1 1.03 0.03 1.00 3.22 1.00 5.10
right V 1.01 0.00 1.00 3.31 1.00 3.83
right G 1.02 0.55 1.83 3.38 1.00 5.06
right I 1.04 -0.37 1.00 4.31 1.00 5.38
right G 1.04 0.65 1.75  3.53 1.00  5.06
right G 1.01 -0.58 1.25 3.42 1.10 4.03
right 1 1.04 0.18 1.14 297 1.00 4.42
right V 1.03 -0.35 1.00 3.49 1.00 5.26
right V 1.00 0.09 1.33 2.68 1.00 3.35
right [ 1.07 -0.33 1.00  5.46 1.00 545
right I 1.56 -0.28 1.00 4.25 1.00 6.66
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Figure S2: Rdf of ion-water for Na™ and Ca?*
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Figure S3: Average adsorption location of Na™ (red in (a) and (b)) and Ca®*" (blue in (c)
and (d)) on the left ((a) and (c)) and right ((b) and (d)) walls from single species 0.3Na and
0.3Ca systems. Average Cl~ adsorption location is given in green.
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2 Computational details

The computations are split into two main stages: 1) obtaining a block of amorphous silica,
and 2) channel simulations. For all simulations, the Lorentz-Berthelot mixing rules, given

by equations S1 and S2, were used.

2.1 Creation of amorphous silica

Amorphous silica was created with a modified BKS! potential from Geske and Vogel,? with

exp (1—7s,ij)

0 ) to avoid a nonphysical jump in the potential energy

an added smoothing factor (
profile. The proposed modification from Geske and Vogel adds a Lennard-Jones (LJ) po-
tential, to eliminate the nonphysical attractive forces that originate from the Buckingham
potential when two atoms move too close to each other. The effect of the correction is shown
in figure S4. This figure shows how the attractive forces of the BKS potential are reversed
to repulsive forces when adding the LJ harmonic at distances below r;; = 1.09 for O-O in-

teractions and r;; = 1.50 for O-Si interactions. Force field parameters are provided in table

S2.

y by Gd o4 1 245 y
Ayjexp (=bijri;) — & + Ineo 14 for r > 7,
Epor = Z ( ) [c o©
;s exXp (T —Ts,ij ij ij Cij 1 4:iqj
ij — — Ajiexp (=bijrsij) + 5= — ——L  forr < g,
10 { ri2 = } i €xXp (—b;7s.i5) 0 Ameg Ta < Ts,ij
(S3)

In order to obtain amorphous silica, first the unit cell of S-cristobalite is replicated in the

x, y and z-directions with a spacing of 101% of the unit cell length. This adjusts the density
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Table S2: Force field parameters for the BKS force field and its modification.
Partial charges are assigned as follows: ¢o = —1 e and ¢g; = +2 e.

Ay [Keal/mol] b [A] ¢ [Kcal/mol Af] CZ-(JD) [KcalA'?/mol] Cgs) [KcalAS /mol|
O-O  32025.85802 2.76 175 281743 -2275.22
O-Si 415176.39808  4.87318 133.5381 13776 1127.08

of the crystal to be 2.21624 g/cc. Second the crystal is equilibrated, annealed, cooled and
equilibrated again in the NVT ensemble, as described in table S3. During equilibration at
4000 K the structure is seen to become fully liquid. The cooling rate used is 2.5 K/ps, which

is a compromise between accuracy and computational cost.?

Table S3: Simulation sequence for creation of amorphous silica with most im-
portant input parameters for MD code.

Equilibration 1 Anealing Equilibration 2 Quenching FEquilibration 3
ensemble NVT NVT NVT NVT NVT
runtime [ps| 100 1000 1000 23000 1000
dt [fs] 1 1 1 1 1
Tstart [K] 298 298 4000 4000 298
Tend [K] 298 4000 4000 298 298
Tdamp [fs] 100 100 100 100
tchain 3 3 3 3 3
drag 0 0 0 0 0
shift yes yes yes yes yes

2.2 Channel simulations

Channel simulations were performed with a combination of force fields. The interface
parametrization of Emami et al.* was used for silica, TIP4P /20055 for water, and ion param-
eters were obtained from Joung and Cheatham® for Na* and Cl~, and Mamatkulov et al.”
for Ca?t. Table S4 provides an overview of force field parameters. The potential energy is

described by equation S4.
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Figure S4: Potential energy of the BKS potential with and without LJ correction.

vJ %7

Epot = E Eij - -2 —

g ) T'ij Tij
ij,nonbonded 1-2,1-4 incl and 1-3 exl

1 q:4q;
+ 1 > (S4)

/r' ..
0 ij,nonbonded 1-2,1-4 incl and 1-3 exl R

+ Z krij (rij — To,ij)z + Z Ko ijr (Oijr. — eo,ijk)2

ij,bonded ijk,bonded

3 Amorphous silica characterization

Following the creation of amorphous silica as specified above, the final structure was analyzed
and compared to known experimental and previous MD results. A comparison for the rdf

peaks is provided in table S5. Furthermore, over- and undercoordinated structures are shown

to be below 0.2% in table S6.

Q(T)Z%N<ZZ5(T—\T¢—TJ‘|)> (S5)

Yhox =1 g7
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Table S4: Force field parameters for channel simulations.

Subscripts are as

follows: w-water, b-bulk, d-dangling, dd-dangling dangling, s-silanol, ss-silanol

silanol.

Tons o |A] €/ks K]
Nat6 2.1845  84.7616
Ca™T’ 2.8331 140.6332
C1=6 4.9178 5.8683
TIP4P/2005° o [A] ¢/kp [K]
O 3.1589  93.19685
H

M

Interface* o |A]l €/ks [K]
Sib 3.70 46.799
Sid 3.70 46.799
Sidd 3.70 46.799
Sis 3.70 46.799
Siss 3.70 46.799
Ob 3.09 27.174
Od 3.09 61.392
Os 3.09 61.392
H

q [e]
41
12

1

q [e]

+0.5564
-1.1128
q [e]
411
+0.725
+0.35"
+1.1
411
-0.55
-0.9
-0.675
+0.4

* partial charge was adjusted from original
force field to support doubly deprotonated

geminals.

IFF bonds* %, [Kcal/(mol A?)|
Si-O 285
IFF angles® ky [Kcal/(mol rad?)|
0-Si-0 100
Si-O-5i 100
Si-O-H 20

rog; |Al
1.68

0o [°]
109.5
149.0
115.0

Table S5: Location of first and second peaks in rdf for amorphous silica. Rdfs
for own simulations following equation S5 are given in figure S5.

Simulation [A] Vollmayr et al.? [A] Experiments [A]
Si-0 1.61 1.595 1.608P  1.6202
6.10 4.12 4.15
0-0 2.6 259 2.626P  2.652
5.02 5.01 4.95
Si-Si 3.14 3.16 3.077¢  3.122
5.09 5.05 5.18
aRef.8
PRef. o
CRef. 10
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Figure S5: RDF for O-O, O-Si and Si-Si for amorphous silica obtained in this study.

Table S6: Occurrence of structures in our amorphous silica.

Structures | % occurrence
SiO3 00.11
Si0y4 99.85
SiO5 00.04
OSi; 00.11
OSi, 99.82
OSis 00.07
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4 Uncertainty quantification

1.0( ) 1.14 (b)
[ ]
1.12
0.8
1.10
[ ]
__06 —~ 1.08
Ll X S
G %
04 1.06
L ]
104 .
[ ]
0.2 1.02 .
L ]
0.0 1.00
0 10000 20000 30000 40000 0.0 0.1 0.2 0.3 0.4 0.5
T [fs] 1/t [1/fs]

Figure S6: Correlation function of water (a) and inefficiency factor from block averaging of
water (b).

For each individual simulation, the standard error was evaluated ensuring each sample
was uncorrelated to the former sample. The correlation of water between frames was studied

following the approach described by Allen and Tildesley.!! The correlation function

o(r) = (049B) (S6)
gA0RB
with
0X =X —(X) (S7)
and
ox = (X?) — (X)? (S8)

was evaluated and block averaging was used yielding the same conclusion of uncorrelated
results as shown in figure S6. The correlation function drops to nearly zero at the immediate
next recorded time step showing no correlation and when using block averaging reducing
the size of the blocks does not increase the statistical inefficiency s(k) significantly above

1. Hence each sample was considered as fully independent. The standard error for each
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individual simulation was defined as:

Oindividual (89)

SEindividual = T
\ Nframes

with

U?ndividual = E<$2) - E(Z’)2 (Sl())

The error SE,,.;;; between simulations and from symmetrizing was computed following

Nsimulations
Omulti 1
SEmulti = - g (,LLX — ,LL)2 (Sll)
Nsimulations Nsimulati(ms X—1

where px represents the ensemble averages of each simulation and p the average between

simulations. The final uncertainty was obtained from the addition of equations S9 and S11.

4.1 Screening function

The uncertainty quantification for the screening function was carried out with the assump-
tions I'(y = 0) = 0¢ and I'(y = o) = 0. Consequently, equation 1 in the main article
was integrated from both directions to avoid cumulative additions of SE. This procedure is
highlighted by the following equation:

X / ' min(x) / /
r(x) 5 .

(S12)

5 Symmetrizing results

The density profiles p,, vs z are symmetrized with respect to the centre of the channel and
shifted by the average location of surface Oxygen atoms. Density profiles p, vs d do not

require symmetrizing. The effect of symmetrization is shown in figure S7, where the new
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mean is given by

oo = 5(on( < )+ pul= > 0) (513)

and the uncertainty is obtained from

1

SEpn = E

1
\/5 [(pn(z < O) - Mpn) + (pn(z > O) - MPn)] + SEpn(z<0) + SEpn(z>0)' (S14)

0 20 0.000 0 10 20
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=20

Figure S7: Unsymmetrized and symmetrized density profiles.

6 Additional density profiles

Density profiles of electrolyte compositions not provided in paper, but used in discussion are

provided in figure S8.
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Figure S8: Density profiles for compositions not shown in the main paper. (a) 0.1Na, (b)
0.6Na, (c) 0.9Na, (d) 0.15Ca, (e) 0.3Na0.15Ca.
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