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1 Tables

Table S1: Errors in ion—water interaction energies AFE;y for F~(H20)15, computed using DFT/
aug-cc-pVDZ in various quadrature grids and referenced to a benchmark using EML(250,974).

M E a
Functional Grid ean Error

kcal /mol® %
SCAN SG-2 —0.01 £0.02 0.01
SG-3 —0.10£0.01 0.09

EML(75, 302) 0.01 +£0.01 —-0.00
EML(99, 590) —0.06 £+ 0.01 0.05
r’SCAN SG-2 —0.03 £0.02 0.03
SG-3 —0.12+£0.01 0.11
EML(75, 302) —0.01 £ 0.00 0.01
EML(99, 590) —0.00 £ 0.00 0.00
“With respect to the EML(250,974) value for the same func-

tional, averaged over 11 geometries. °Uncertainty represents
one standard deviation.
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Table S2: Errors in ion—water interaction energies AEy, for C1~(H20)15, computed using DFT/
aug-cc-pVDZ in various quadrature grids and referenced to a benchmark using EML(250,974).

Mean Error®
kcal /mol® %
SCAN SG-2 0.05+0.09 —-0.07
SG-3 0.02+0.03 —-0.03
EML(75, 302) 0.08+0.02 —-0.10
EML(99, 590) —0.03 £0.01 0.04
r’SCAN SG-2 0.02+0.09 —-0.03
SG-3 0.00 + 0.03 0.00
EML(75, 302) —0.01 £0.01 0.01
EML(99, 590) —0.00 £ 0.00 0.00
“With respect to the EML(250,974) value for the same func-

tional, averaged over 11 geometries. ?Uncertainty represents
one standard deviation.

Functional Grid

Table S3:  Combinatorial coefficients for the subsystems arising for MBE(n) calculations with
n = 1-5 and N = 16 monomers.*

2 n

2 3 4 5
1 —14 91 —-364 1001
2 1 —-13 78 —286
3 1 12 66
4 1 -11
) 1

®According to eq. 4.

Table S4: MBE(n) errors ion—water interaction energies at the HF /aug-cc-pVTZ level, n = 1-5.

Mean Error®
Cluster

(kcal/mol)
F~(H20)15 2 —20.7£38
F_(H20)15 3 2.7 £ 0.8
F7(H20)15 4 —-0.7 £ 0.3
F_(H20)15 9 1.4+ 0.2
Cl"(H20)15 2 —-99+15
Cl"(H20)15 3 1.5+ 0.5
Cl~(H20)15 4 —0.8 £0.2
ClI"(H20)15 5 1.7 £0.2

“Averages across cluster geometries.
Uncertainties represent one standard de-
viation.
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Table S5: MBE(n = 1-5) errors in ion—water interaction energies for F~(H0)15 using DFT/
aug-cc-pVDZ calculations with various quadrature grids.
Mean Error (kcal/mol)*

Functional n

SG-1 SG-2 SG-3 EML(50, 194) EML(75, 302) EML(99, 590)
PBE 2 —388+41 -386+42 —40.0+42 —388+42 —388+42  —388+ 4.2
PBE 3 3924+18 368+25 428 +21 39.2 £ 2.1 39.4 £ 2.0 39.4 £ 2.0
PBE 4 —719+53 —61.7+90 —81.9+56 —T20+56 —73.3+54 —T73.4+53
PBE 5 1155+ 152 89.74+25.6 139.34+ 152  116.1 + 155  120.6 + 14.6  120.7 + 14.2
SCAN 2 —31.8+42 -31.9+42 -—325+42 —31.8+42  —321+42  —321 442
SCAN 3 1474+13  138+20 165+ 15 148 + 15 152+ 15 152 + 1.5
SCAN 4 —154+32 —111+68 —206+22 —157+26 —174+20 —174+ 1.9
SCAN 5 82+81 —24+189  21.3+4.0 9.1 +6.1 14.2 + 3.9 142 + 35
r’SCAN 2 ~ —315+£42 —321+42 ~ 316442  —316+42
r’SCAN 3 ~ 137420 163+15 - 15.1 + 1.5 15.1 4 1.4
r2SCAN 4 - —11.0+£6.8 —204+21 - —172+20 —17.2+ 19
r’SCAN 5 - —254190 209+ 3.9 - 13.8 + 3.8 13.9 + 3.5
WwBITM-V 2 ~  —26.6+40 —27.3+40 - —265+£40  —26.5+ 4.0
wBITM-V 3 - 75+13 101 +12 - 81+ 12 81+12
wBITM-V 4 - —25+35 —98+1.1 - —5.6 + 0.9 —5.6 + 0.8
wBITM-V 5 - —774+101 8.4 + 2.0 - 0.9 + 1.2 1.0 £ 1.0
wBITX-V 2 ~ —25.74£40 —25.7+40 —25.7+40 —258+40  —258+4.0
wBITX-V 3 - 5.9+ 1.4 6.2+ 1.1 6.0 + 1.2 6.2+ 1.1 6.2+ 1.1
wBITX-V 4 - 30439 —46+0.9 —35+ 1.1 —4.4 + 0.8 —4.4 + 0.7
wBYTX-V 5 - =20+ 111 2.9 + 1.7 —1.0 £ 2.8 2.0+ 1.0 2.1+ 0.8

“Averages across cluster geometries. Uncertainties represent one standard deviation.

S5



Table S6: MBE(n = 1-5) errors in ion—water interaction energies for Cl~(H20)15 using DFT/
aug-cc-pVDZ calculations with various quadrature grids.
Mean Error (kcal/mol)*

Functional n

SG-1 SG-2 SG-3 EML(50, 194) EML(75, 302) EML(99, 590)
PBE 2 —224+28 —213+£27 -226+29 —225+£29  —226+29  —226+29
PBE 3 104 +22 1.0+35 115+ 1.9 11.1 + 2.2 11.6 & 2.0 11.7 £ 2.0
PBE 4 —49+52  320+18.0 —84+49 —7.3 £ 3.2 -9.3+ 1.3 —9.6 + 1.3
PBE 5 —374+150 —93.6+530 54+ 157 1.9 + 8.2 8.3+ 18 9.2 + 1.7
SCAN 2 ~ —167+22 —17.7+25 - 177 +£25 177 +£25
SCAN 3 -~ —31+36 51+15 - 52+ 1.2 524 1.1
SCAN 4 - 295+188 —3.1+5.9 - —3.3+0.7 —3.6 + 0.6
SCAN 5 ~  —80.6+550 22+ 17.9 - 2.9 + 1.2 3.9 + 0.8
r’SCAN 2 ~ —1624+21 172424 - 172424 172424
r’SCAN 3 -~ —32+36 50+ 15 - 5.0 + 1.1 50 + 1.1
r’SCAN 4 ~ 2944187 —3.1+6.0 - —3.3+0.7 —3.6 + 0.6
r’SCAN 5 ~ —802+549 224181 - 31+ 1.2 4.0 + 0.8
WwBITM-V 2 - —139+1.9 —145+20 ~  —145+420  —145+20
wBITM-V 3 - —09+1.9 3.9+ 1.2 - 41+ 1.0 41+ 1.0
wBITM-V 4 - 164 4+92  —2.0+ 3.2 - —2.9 + 0.6 —3.0 £ 0.5
wBITM-V 5 —  —43.7+26.6 124094 - 3.6 + 0.8 41+ 0.7
wBITX-V 2 ~ —141420 -144+21 - —144+21 -144+21
wBITX-V 3 - 0.3 +2.1 3.3+ 1.2 - 3.3+ 0.9 3.3+ 0.9
wBITX-V 4 ~  104£102 —25+35 - 2.5+ 0.5 —2.6 + 0.4
wBITX-V 5 ~ =306 £295 3.9+ 10.1 - 3.9+ 08 4.4 +0.7

“Averages across cluster geometries. Uncertainties represent one standard deviation.
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Figure S1: MBE(n) errors in ion-water interaction energies for 10 configurations of Cl1~(H20)15
computed at the HF /aug-cc-pVDZ level. The solid line connects mean errors at each value of n
and the shaded region highlights the range of the data.
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Figure S2: MBE(n) errors in ion-water interaction energies for 11 geometries of F~(H20)i5
computed using (a) SCAN and (b) r?2SCAN with the aug-cc-pVDZ basis set and various quadrature
grids. Errors are relative to a benchmark using EML(250,974).
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Figure S3: MBE(n) errors in ion-water interaction energies for 10 geometries of Cl17(H20)15
computed using (a) SCAN and (b) r?SCAN with the aug-cc-pVDZ basis set and various quadrature
grids. Errors are relative to a benchmark using EML(250,974).
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Figure S4: MBE(n) errors in AEiy (circles) for 11 configurations of F~(H20)15, computed at
the SCAN/aug-cc-pVDZ level using various quadrature grids: (a) SG-1, (b) SG-2, (c¢) SG-3, (d)
EML(50,194), (e) EML(75,302), (f) EML(99,590). The red shaded region and solid line connect
the range of the errors and their mean, for each value of n. In blue are the HF /aug-cc-pVDZ errors
from Fig. 1.
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Figure S5: MBE(n) errors in AFEjy (circles) for 11 configurations of F~(H20);5, computed at the
wBI97X-V /aug-cc-pVDZ level using various quadrature grids: (a) SG-1, (b) SG-2, (¢) SG-3, (d)
EML(50,194), (e) EML(75,302), (f) EML(99,590). The red shaded region and solid line connect
the range of the errors and their mean, for each value of n. In blue are the HF /aug-cc-pVDZ errors

from Fig. 1.
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Figure S6: MBE(n) errors in AFEjy (circles) for 11 configurations of F~(H20);5, computed at the
wBI97M-V /aug-cc-pVDZ level using various quadrature grids: (a) SG-1, (b) SG-2, (c¢) SG-3, (d)
EML(50,194), (e) EML(75,302), (f) EML(99,590). The red shaded region and solid line connect
the range of the errors and their mean, for each value of n. In blue are the HF /aug-cc-pVDZ errors

from Fig. 1.
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Figure S7: MBE(n) errors in AFjy, (circles) for 10 Cl17(H20)15 cluster geometries, computed at
the SCAN/aug-cc-pVDZ level using various quadrature grids: (a) SG-1, (b) SG-3, (¢) SG-2, (d)
SG-3, (e) EML(50,194), (e) EML(75,302), and (f) EML(99,590). The red shaded region and solid
line connect the range of the errors and their mean, for each value of n. The blue line and shaded
region represent the HF /aug-cc-pVDZ error distribution from Fig. S1.
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Figure S8: MBE(n) errors in AEjy (circles) for 10 CI™(H20)15 cluster geometries, computed at
the SCAN /aug-cc-pVDZ level using various quadrature grids: (a) SG-2, (b) SG-3, (c) EML(75,302),
and (d) EML(99,590). The red shaded region and solid line connect the range of the errors and
their mean, for each value of n. The blue line and shaded region represent the HF /aug-cc-pVDZ
error distribution from Fig. S1.
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Figure S9: MBE(n) errors in A Ejy, (circles) for 10 C17(H20);5 cluster geometries, computed at the
r2SCAN /aug-cc-pVDZ level using various quadrature grids: (a) SG-2, (b) SG-3, (c) EML(75,302),
and (d) EML(99,590). The red shaded region and solid line connect the range of the errors and
their mean, for each value of n. The blue line and shaded region represent the HF /aug-cc-pVDZ
error distribution from Fig. S1.
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Figure S10: MBE(n) errors in AEjy (circles) for 10 C17(H20)15 cluster geometries, computed
at the wB97X-V/aug-cc-pVDZ level using various quadrature grids: (a) SG-2, (b) SG-3, (c)
EML(75,302), and (d) EML(99,590). The red shaded region and solid line connect the range
of the errors and their mean, for each value of n. The blue line and shaded region represent the
HF /aug-cc-pVDZ error distribution from Fig. S1.
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MBE(n) errors in AEiy (circles) for 10 Cl7(H20);5 cluster geometries, computed

at the wB97M-V /aug-cc-pVDZ level using various quadrature grids: (a) SG-2, (b) SG-3, (c)
EML(75,302), and (d) EML(99,590). The red shaded region and solid line connect the range
of the errors and their mean, for each value of n. The blue line and shaded region represent the
HF /aug-cc-pVDZ error distribution from Fig. S1.
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Figure S12:  Histograms of grid-induced subsystem errors Aeg;..., for MBE(n) corrections in
F~(H20)15 clusters computed at the SCAN /aug-cc-pVDZ level with various quadrature grids.
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Figure S13:  Histograms of grid-induced subsystem errors Aeg;..., for MBE(n) corrections in
F~(H20)15 clusters computed at the r2SCAN /aug-cc-pVDZ level with various quadrature grids.
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