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Figure S1: Relaxed scans along the angle Oxon for (a) F~(H20), (b) C1~(H20), and (c) Br~ (H20).

In-

teraction energies (Ei,) are obtained from SAPTO+ § Egr/jun-cc-pVDZ calculations and HoO relaxation
energies (Eyx) are computed at the CCSD(T)/aug-cc-pVQZ level. These energies are then combined to
obtain Fping = Ein + Frix. For each system, the minimum of Ej; — Ecr lies at the Cy,, geometry, providing
an unambiguous demonstration that CT drives the preference for hydrogen bonding. The Ey;,q — EcT curves
exhibit shallow minima away from the Cs, geometry but at angles Oxoy that are quite compressed compared
to normal, quasi-linear hydrogen bonds. The Ei,; and Ej, — Fcr data here are the same as those plotted

in Fig. [f
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Figure S2: Relaxed scans of 6xon for (a) F~(H30), (b) Cl~(H20), and (c) Br~(H20), illustrating energy
components computed at the SAPTO + ¢ Eyr/jun-cc-pVDZ level. Ball-and-stick models in (a) show the
asymmetry of the O—H bond lengths that emerges in the hydrogen-bonded minima. The sum of the five
components equals the total interaction energy, Fi,. Panel (a) is the same as Fig.
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Figure S3: Relaxed scans along 6xon for (a) F~(H20), (b) Cl7(H20), and (¢) Br~(H20O), illustrating
sequential construction of the SAPT0+ §Exp interaction potential, Ein:(6xomn). In each panel, the full
interaction potential (Fiy) is assembled term-by-term, as indicated by the common legend that is shown
in (b). The CT energy is not included here but can be surmised from the difference between Ei, and

Eexen + Eelst + Edisp + Epol. As compared to the analogous plots in Fig. these plots add together the
energy components in a different order.
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Figure S4: Contour plots of the chloride—water interaction potential and its sequential construction from
SAPT energy components, scanning the position of C1~ in the plane of a fixed-geometry HoO molecule.
Shown are (a) the full interaction potential, Eing; (b) Eing — Find = Eexch + Felst + Edisp, where the entirety
of the SAPT induction energy (Eing = Epoi+EcT) has been removed, and which (for a given Cl- - - O distance)
is rather flat for |0cion| < 0(H20)/2; (¢) Ein—Ect; and (d) Ein,— Epol. The potentials in (¢) and in (d) each
include one part of the SAPT induction energy (Epo1 or Ect but not both). The HyO geometry is indicated
(with oxygen at the coordinate origin) and corresponds to the isolated-monomer geometry optimized at the
MP2/aug-cc-pVTZ level. Energy components were computed at the SAPTO + 6 Epr /jun-cc-pVDZ level on
a grid of points extending to +6.0 A in both z and y, with Az = 0.25 A = Ay. Regions more repulsive than
+10 kcal/mol are shaded in gray.
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Table S1: Energies (in keal/mol) for X~ (H50).

Hydrogen-Bonded Minimum C5, Saddle Point AE“
CCSD(T)? Ei(SAPT) CCSD(T)? Ei(SAPT) CCSD(T)? Ei(SAPT)
Ebind Eint SAPTO® -)EE/E?BP]):)TC{ Ebind Eint SAPTO® —)ii/;ABf]):;I; Ebind Eint SAPTO® _)E;IABP]):)Td
F -276 -32.9 —34.2 —-314 —20.3 —23.8 —24.0 —22.9 7.3 9.1 10.2 8.5
Cl —15.0 —15.7 —14.8 —17.6 —13.5 —14.8 —14.2 —16.0 1.5 0.9 0.6 1.6
Br —14.0 —14.6 —-12.6 —15.0 —12.8 —13.9 —12.5 —-14.1 1.2 0.7 0.1 0.9
I -119 —-12.3 — — —-11.3 —12.2 — — 0.6 0.1 — —

2AFE = E(C2,)—E(H-Bond). Paug-cc-pVQZ(-PP) basis with a frozen core for F, Cl, and O, and an effective core potential for Br and I. ¢All-electron SAPTO + § Egp/
jun-cc-pVDZ. ¢XSAPTH+MBD+6Eyrl/def2-TZVPPD with CM5 charge embedding,2 using the LRC-wPBE functional (with WaDpD tuning®) to describe the

monomer wave functions.
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