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Table S1 Energies (in kcal/mol) of low-lying structures of the indicated X~ (HyO)n=1_g
halide-water clusters, obtained from optimization of the i-TTM4 PESs.
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Table S2 Minimun potential energy, and average kinetic, potential and total energies (in
kcal/mol) computed from the classical MD and PIMD calculations at T=10 K for each
X7 (H20)n=1_s cluster using the i-TTM4 potentials. The anharmonic ZPE (in kcal/mol)
values from PIMC simulations, and harmonic &;pgma) estimates (in parenthesis) are also
listed, in comparisom with those from DMC calculations, ¢ from ref. 45.

N (H20)w MD PIMD
Ermin (E) (K) V) (E) (K) V) ZPE
1| -27.780 |-27.4605+0.0006]0.1556-£0.0002 | -27.616120.0003 |-12.5820.02 | 7.4920.02 |-20.073+0.007 | 15.20(15.58)/13.98°
2| -49.556 |-49.0333:£0.0009 |0.25540.0004 | -49.28874:0.0006 |-19.00-£0.02 | 14.9840.01 |-33.980-£0.009 | 30.56(31.75) /29.45¢
3| -67.956 |-67.253140.0007 |0.3429-£0.0004 | -67.596040.0005 |-21.62:0.02|22.67+0.01 | -44.29+0.01 |46.33(48.46)/46.10%
4| -85.360 |-84.475740.0009 [0.432040.0004 | -84.9077+0.0006 |-22.1740.03|30.89-£0.02| -53.0620.02 |63.19(65.69)/62.212
5| -101.786 | -100.72740.001 |0.5176:£0.0004|-101.24504-0.0006 |-22.64:£0.03 | 38.63+0.02 | -61.27-£0.02 |79.15(82.66),/78.29%
6| -116.780 |-115.539-£0.001 |0.60670.0004 |-116.145740.0006 |-21.69-£0.04 | 46.42+0.02 | -68.11£0.03 95.09(99.28)
7| -130.003 | -128.572:£0.001 |0.6959+0.0005 |-129.268040.0009 |-18.79+0.05|54.3440.02 | -73.14+0.03 | 111.21(116.10)
8| -142.461 |-140.86040.001 |0.7840-£0.0004|-141.644340.0008 |-16.12-0.05 |61.814+0.03 | -77.94+0.03 | 126.34(131.90)
NICL (H20)n MD PIMD
Emin (E) (K) ) (E) (K) V) ZPE

T[ -14.974 | -14.55140.001 |0.205420.0005 -14.7566-£0.0006 |-0.42%0.02| 7.09£0.02 |-7.51420.008 | 14.55(15.03)/14.33%
2| -30.037 |-29.4388:£0.0009|0.2910:0.0004 | -29.72980.0005 |-0.2440.02 [14.5340.01 | -14.77+0.01 |29.80(31.13),/29.78¢
3| -46.230 |-45.4739:£0.0009 [0.36930.0004 | -45.843240.0005 |-0.5120.02|22.3040.01 | -22.81+0.01 |45.72(47.85)/46.05%
4] -61.082 [-60.151520.0009 |0.4541:£0.0004 | -60.605620.0006 | 0.9520.03 [30.2940.02 | -29.34:£0.02 |62.03(64.56)/61.74°
5| -75.465 |-74.3703-£0.0009|0.5354:0.0004 | -74.905740.0006 | 2.2340.04 |37.9540.02 | -35.72+0.02 | 77.70(81.26)/77.60°
6| -89.279 |-88.006520.0009 0.6221:£0.0004 | -88.628740.0006 | 4.1840.05 [45.6340.02 | -41.44+0.03 93.46(97.68)

7| -103.088 |-101.6405:£0.0010.70860.0005 |-102.349240.0006 | 7.3540.05 |53.9340.02 | -46.58+0.03 |  110.44(115.27)

8| -115.358 | -113.732:£0.001 |0.7953+0.0004|-114.527040.0008 | 9.7840.04 |61.1340.02 | -51.35+0.02 |  125.14(130.83)
N[BT (H20)n MD PIMD

Evmin (E) (K) V) (E) (K) V) ZPE

T -12.731 | -12.030%0.002 |0.339520.0008 | -12.3699+0.0009 | 1.7920.02 | 6.97+0.02 | -5.17+0.01 |14.52(14.87)/14.267
2| -26.639 | -25.843+0.001 |0.387140.0005 | -26.2298-:0.0006 | 3.23+0.02 |14.5040.01 |-11.27+0.0129.87(31.01)/29.70
3| -42.525 | -41.620-£0.001 |0.4417+0.0005 | -42.0614:0.0007 | 3.38:£0.03 |22.33+0.01 |-18.96:£0.02| 45.91(47.91) /45.99%
4] -56.268 | -55.219+£0.001 |0.5117-0.0005 | -55.731140.0009 | 5.51-£0.04 |30.07+0.02 |-24.56-:0.02| 61.78(64.26) /61.75%
5| -70.581 | -69.385:£0.001 |0.5845:0.0005 | -69.969940.0008 | 6.84:£0.04 |37.75+0.02 |-30.91-£0.02| 77.42(80.95) /77.45%
6| -83.998 | -82.642:£0.001 |0.6632+0.0005 | -83.3055-20.0007 | 9.11:£0.04 |45.4440.02 |-36.33£0.03|  93.11(97.40)

7| -97.420 | -95.90140.001 |0.744040.0005 | -96.6450-£0.0008 |11.32+0.05|53.1940.02 |-41.88+0.03|  108.74(113.64)

8| -109.030 [-107.339:£0.001|0.8275:£0.0005 |-108.166440.0009 | 15.77-£0.05 | 61.010.02 |-45.2440.04|  124.80(130.25)

N (Hz20)n MD PIMD

Emin (E) (K) V) (E) (K) V) ZPE

T -10.662 | -9.63220.002 | 0.496£0.001 | -10.128+0.001 | 3.7420.03 | 6.79£0.02 | -3.0520.02 | 14.40(14.70)/14.12%

2| -23.399 | -22.388:£0.002 |0.491040.0008 | -22.8792::0.0009 | 6.33+0.02 |14.4040.01 | -8.07+0.02 |29.72(30.87)/29.59°

3| -38.958 | -37.895+0.001 |0.518240.0006| -38.4133-£0.0007 | 7.07+0.03 |22.3140.01 |-15.23+0.02|46.03(47.94) /45.92%

4| -52.773 | -51.600£0.001 |0.5727-0.0006 | -52.172540.0009 | 9.35:£0.04 |30.22+0.02 |-20.87-0.02|62.12(64.42) /61.69%

5| -65.783 | -64.485+0.001 |0.6344-£0.0005 | -65.119940.0007 | 11.63-£0.04|37.7120.02 |-26.08-20.03| 77.41(80.76) /77.21%

6| -79.142 | -77.6960.001 |0.7074:£0.0006 | -78.40294:0.0009 |13.93:£0.05|45.40+0.02|-31.4740.03|  93.07(97.20)

7| -91.494 | -89.896:£0.001 |0.781140.0006 | -90.6775::0.0008 |18.12+0.05 |53.4840.02 [-35.35:£0.03|  109.61(114.42)

8| -103.410 [-101.649+0.001|0.861140.0005 |-102.5101-£0.0008 | 21.00+0.05 | 60.8240.02 |-39.82+0.03|  124.41(129.96)




Table S3 Comparison of anharmonic ZPE values (in kcal/mol) obtained from the present
PIMD simulations at T=10 K with those reported previously from DMC and variational
quantum calculations. @ ref. 55, ® ref. 60, ¢ ref. 44, ¢ ref. 61, © ref. 45,  ref. 84, 9 ref. 85, "
ref. 86.

PES/MGthOd F_(HQO) Cl~ (HQO) Br~ (HQO) I~ (HQO)
i-TTM4¢/PIMD-This work | 15.20 14.55 14.52 14.40
TTM-ngr’/RV4 code® 15.40 14.73 14.57 14.39
MB-ngr?/RV4 code® 14.80 14.48 14.36 14.20
MB-ngr 4/DMC® 13.98 14.33 14.26 14.12
SLBCL/GENIUSH code’ 13.81 — - -
RBY/QC9" — 14.36 - -

Average energy values (kcal/mol

Average energy values (kcal/mol)
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Fig. S1 Convergence of kinetic (<K>), potential (<V>), and total (<E>) energy as a
function of the number of replicas (P) (left panels), and extrapolation of the total energy
in the P — oo limit (right panels), from the PIMD simulations for F~(H,O)y with N
= 1 (upper panel) and 8 (lower panel at T = 10 and 300 K (see solid and dashed lines,
respectively).



Table S4 Average kinetic, potential and total energies (in kcal/mol) computed from the
classical MD and PIMD calculations at T=300 K for each X~ (HyO)y=1_g cluster using the
i-TTM4 potentials.

MD PIMD
F Oy g (%) ) 5 (%) )
1 -18.0940.03 | 4.66+£0.02 | -22.754+0.02 | -7.10£0.05 | 9.58040.008 | -16.74+0.05
2 -33.89+0.04 | 7.67£0.02 | -41.56+0.03 | -11.224+0.06 | 18.224+0.01 | -29.5240.06
3 -45.10+£0.07 | 10.2840.02 | -55.38+0.06 | -10.61£0.09 | 26.924+0.02 -37.6+0.1
4 -53.61+0.1 12.994+0.02 | -66.6+0.1 -6.61+0.2 35.71+£0.03 -42.940.2
5 -61.84+0.2 15.544+0.02 | -77.3440.2 -3.1+0.3 44.21+0.03 -47.54+0.3
6 -68.5+0.2 18.20+0.02 -86.740.2 0.24+0.3 53.144+0.03 -52.8+0.3
7 -75.84+0.3 20.86+£0.02 | -96.740.3 4.1+0.3 61.8940.02 -58.00+0.2
8 -84.3+0.4 23.461+0.06 | -107.7+£0.4 9.1+0.3 70.90+0.06 -61.84+0.3
MD PIMD
O HO)y g (K) ) ) K) )
1 -1.940.1 6.15+0.06 -8.05+0.09 7.31+0.2 9.3440.03 -2.0+0.3
2 -10.8+0.1 | 8.80+0.06 | -19.60+0.08 | 9.1+0.2 | 18.024+0.03 | -8.9%+0.2
3 -18.5+0.2 | 11.21£0.06 -29.7+0.1 12.3+0.2 | 26.68+0.04 | -14.440.2
4 -25.84£0.2 | 13.74+£0.06 -39.540.2 15.3+£0.3 | 35.62+0.05 | -20.4+0.3
5 -31.5+0.3 | 16.19£0.06 -47.7+0.2 22.9+0.4 | 43.89+0.05 | -21.0+0.4
6 -38.14+0.3 | 18.72+£0.07 | -56.84+0.3 27.5+0.3 | 52.63+0.05 | -25.140.3
7 -44.84+0.4 | 21.294+0.06 -66.1+0.4 28.7+0.3 | 61.544+0.06 | -32.940.3
8 -51.8£0.5 | 23.96+£0.06 -75.8+£0.5 32.7+0.3 | 70.40+0.06 | -37.74+0.3
MD PIMD
Br (B0 75 (%) v (E) (%) )
1 11.54+0.4 | 10.01£0.09 1.4+0.4 13.3+0.3 | 9.19+0.03 4.21+0.3
2 2.3+0.4 11.87+0.07 | -9.5+0.4 | 15.44+0.2 | 17.914+0.03 -2.51+0.2
3 -9.1+0.2 | 13.43£0.09 | -22.6+0.2 | 18.5+0.2 | 26.56=+0.04 -8.0+0.2
4 -16.0+0.2 | 15.65+0.07 | -31.7£0.2 | 22.0+£04 | 35.47+£0.04 | -13.5+£0.4
5 -20.7+0.4 | 17.71£0.06 | -38.5+0.4 | 29.5+0.4 | 43.78+0.05 | -14.30+£0.4
6 -30.3+0.3 | 19.91£0.07 | -50.2+0.3 | 34.94+0.3 | 52.43+0.05 | -17.5+0.3
7 -34.6+0.4 | 22.424+0.06 | -57.0£0.4 | 38.1+£0.3 | 61.29+0.06 | -23.2+0.3
8 -40.6£0.5 | 24.95+0.07 | -65.6+=0.4 | 40.0+0.4 | 70.25+0.06 | -30.3+0.4
MD PIMD
PO gy (K) (B K) )
1 21.94+0.2 | 13.934+0.05 | &8.0+0.2 | 21.1+0.2 | 9.01+0.01 12.1+0.2
2 13.4+04 | 14.70+£0.04 | -1.3+£0.4 | 23.0£0.2 | 17.62+0.01 5.4+0.2
3 2.3+0.3 15.88+0.03 | -13.6+0.3 | 28.44+0.2 | 26.13+0.01 2.3+0.2
4 0.5+0.6 | 17.38+0.03 | -16.9+0.6 | 33.24+0.3 | 34.97+0.02 | -1.8+0.4
5 -13.0+£0.2 | 19.18+0.03 | -32.2+0.2 | 37.5+0.3 | 43.54+0.02 | -6.0+0.3
6 -19.5+0.3 | 21.31+£0.03 | -40.8+£0.3 | 43.2+0.4 | 52.15+0.03 | -9.0+0.4
7 -25.240.3 | 23.58+0.02 | -48.84+0.3 | 47.24+0.6 | 60.88+0.04 | -13.740.6
8 -32.5+£0.4 | 25.87+£0.02 | -58.3£0.4 | 52.8+0.3 | 69.57+0.03 | -16.84+0.3




Table S5 Average total, kinetic and potential energies (in kcal/mol) computed from the
classical MD and PIMD calculations at T=10 K for each X~ .- (Hy0)y—-1_g system using

the i-TTM4 potentials.

MD (X - (H;0)»)

PIMD (X~ --- (H,0)y)

N (E) i) ) ) i) )

1 0.25404-0.0007 | 0.155940.0004 0.09814-0.0003 12.9640.02 | 6.3840.02 | 6.588-+0.002
2 | -4.49144-0.0008 | 0.254140.0004 | -4.74554-0.0005 | 22.7340.02 | 13.484-0.01 | 9.2524-0.008
3 | -14.263340.0008 | 0.341040.0004 | -14.604340.0005 | 28.8640.02 | 21.2340.01 7.6340.01
4 | -26.33984-0.0008 | 0.4311£0.0004 | -26.770940.0005 | 32.8540.02 | 29.244-0.01 3.614+0.01
5 -34.81040.001 0.516740.0004 | -35.326340.0008 | 38.5740.03 | 36.3440.02 2.2340.02
6 -44.9294-0.001 0.605140.0005 | -45.53454+0.0008 | 44.8740.03 | 44.3340.02 0.544-0.02
7 -56.9874+0.001 0.69434-0.0005 | -57.68144-0.0007 | 48.6740.05 | 52.2540.02 | -3.58+0.04
8 -66.07840.001 0.783040.0005 | -66.86084=0.0009 | 54.534-0.04 | 59.6740.02 | -5.154+0.03
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Fig. S2 Radial (left panel) and angular (right p7anel) distributions from the PIMD simulations
for the indicated X~ (H30),, with n = 1 to 8 water molecules (X= F-I from upper to lower
panels) at T = 10 (solid lines) and 300 K (dashed lines and shadow/pattern curves).
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Fig. S3 Dependence of mean <HOH> angle values in the X~ (HyO)y clusters, with X=F—,
Cl~, Br7, and I, from PIMD (solid lines) and classical MD (dashed lines) simulations at
the indicated temperatures, as the number of the N water molecules increases.
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Fig. S4 Ion-cluster solvation energies as a function of the cluster size N from classical MD
(dashed lines) and PIMD (solid lines) calculations at T=10 and 300 K for the indicated
X~ (Hz0)n clusters.



