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Table S1. Contributions to the interaction energy (kcal mol~!) using SAPTO0. Dist is
the distance of the minimum interaction energy between the CM, Egje. is the electrostatic
contribution, Egyep is the exchange contribution, Epg is the induction contribution, Epjgp, is
the dispersion contribution, Eryt is the total interaction energy in SAPTO and Eccgp(t) is
the interaction energy with DLPNO-CCSD(T)

Molecule DiSt(A) Eglec Egxen  Ema EDisp Eot ECCSD(T)
[Bmim][FeCl4](C4fC5) 5.341 —65.19 1789 —5.50 —-7.91 —60.71 —58.82
[Bmim][FeCl,](Chain) 9.599  —35.11 5.63 —244 —240 —34.32 —33.79

Table S2. Charge of the MIL anion according to Mulliken and Natural Population Analysis
(NPA) at the minimum geometry.

MIL | Quan Qnpa
[Emim][FeCL] | —1.0620 —0.95775
[Bmim][FeCl,] | —1.1317 —0.94044
[Bmim]|[FeBr,] | —1.1196 —0.93520
[Bmim][ZnCly] | —1.0517 —0.93843
[Bmim],[SnCl] | —2.1194 —1.79151

Table S3. Comparison between minimum distance and energies between SAPT0 and LED-
DLPNO-CCSD(T).

MIL | Method | Dist (A) E (kcal mol™!)
[Emim][FeCl,] [ LED 4.108 —73.441
SAPT 4.017 —76.282
[Bmim][FeCl,] | LED 4.341 —71.634
SAPT 4.273 —73.955
[Bmim|[FeBry] | LED 4.426 —71.343
SAPT 4.342 —74.596
[Bmim][ZnCl3] | LED 4.640 —70.364
SAPT 4.574 —72.251
[Bmim],[SnCly] | LED 3.680 —260.076
SAPT 3.513 —270.503
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Figure S1. Distance between the centre of mass of the different monomers.
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Figure S2. Comparison between SCF calculation and promolecular calculation in NCIPLOT.
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Figure S3. Distance between the centre of mass of the different additional configurations of
[Bmim|[FeCly]
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Figure S4. SAPT decomposition for an increase distance between the monomers in
[Bmim|[FeCly] with different dispositions.
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Figure S5. Relationship between SAPT energy and the experimental melting points for
different MILs. Relationship between SAPT energy and the experimental melting points for
different MILs.

Experimental data taken from Refs. [1,2,3].
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Figure S6. The LED-DLPNO-CCSD(T) decomposition for an increase distance between
the monomers. The SAPTO energy is included with the purpose to compare the results. a)
[Emim][FeCly], b) [Bmim]|[FeCly], ¢) [Bmim|[FeBry], d) [Bmim]|[ZnCls], ¢) [Bmim]s[SnCly]
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Figure S7. The LED-DLPNO-CCSD(T) decomposition for an increase distance between the
monomers in [Bmim|[FeCly] with different dispositions.
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Figure S8. NCI two-dimensional plots for the MILs. The dark scale is obtained for the
[Bmim]|[FeCly] and the other MIL is displaced 0.1 a.u. in s for clarity.
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Figure S9. (top) Data fitting between the integral 12.5 and the SAPT interaction energy for
the most stable MILs studied. (bottom) Data fitting between the integral 12.5 in the range
values for VAW interactions (—0.02 to 0.02 sign(A2)p) and the SAPT dispersion energy for the
most stable MILs studied. EF = [Emim|[FeCly], BF = [Bmim]|[FeCly], BFB =[Bmim|[FeBr,],
BZ = [Bmim|[ZnCl3] and BS = [Bmim]|3[SnCly]



