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I. EXPLANATION OF THE TERNARY PHASE-DIAGRAM

In the manuscript, Figure 8 is a projection of the four dimensions Mg-Al-Cl-charge phase
diagram, where the fourth axis (out-of-plane axis) represents a charge neutralizing species.
Therefore in Figure 8 some of the tie-lines connecting charged specie, such as Mg?™ (5THF) —
AICI?*(2T), belong to a tie-surface shared with a negatively charged species in the full phase
diagram. In the MACC electrolyte the condition of charge-neutrality must be respected
solely by Mg-Al-Cl species, which are enclosed only in the orange part of Fig. 8. Thus only
MgCly and AlCl3 or MgClt and AICI; can coexist in MACC.

II. IONIC CONDUCTIVITY

The ionic conductivity o (in mS em™') for an unconditioned MACC electrolyte is derived

from AE of Eq. 1 using Kohlrausch’s law for weak electrolytes of Eq. 2.

MgCl,(2THF) + AICL;(1THF) 225¢ MgCI* (3THF) + AICI; (1)
oc=a-C-Asg (2)

where C'is the concentration of the electrolyte, « is the degree of dissociation of MgCly (2THF)
and AlCl3(1THF) according to the equilibrium constant K4 regulating Eq. 1. Note that
the maximum concentration of MgClsy in solution is dictated by the solubility of MgCl, in
THF, and correspond approximately to 0.78 mM. Given that the solubility of MgCly(s)
also depends on the THF concentration (see reaction (a) in the manuscript) we set this to
~ 12.33 M. Thus, a depends on K,; = ﬁ, and Ky =~ exp(—AFE/RT). Ay (in S cm? mol ™)
is the limiting molar conductivity and depends on the cation and anion species in the solvent

as indicated by Eq. 3.
Aoo _ AggClJr + )\?{}Clz (3)

Using the AE of reaction 1 (~ —0.085 eV) for a concentration of 0.5 M AlCl3 and 0.78 mM

2

MgCl,, respectively, we can re-write as Ky = (0.5_a)(0;_8X10,4) ~ 27.00 —by solving the

quadratic equation we computed a ~ 0.092. 0.092 is also the maximum concentration
of MgCI* in solution as dictated by the low MgCly solubility in THF (see reaction (a) in

the manuscript).



TABLE I. Concentration for each species at equilibrium set by reactions (a), (b) and (c) in the

manuscript. Brackets indicate the reactions settings the concentration values (see manuscript).

Species THF® AICI3(1THF)  MgCly(2THF) AlCLf MgCIl* (3THF)

Concentration 12.33 (a) 0.5 (b) 7.8 x 107 (a) 0.092 (c) 0.092 (c)

2The concentration of THF is calculated from its density ~ 889.2 g L' and its molar mass

~ 72.11 g mol~!.

For a 0.5 M solution of unconditioned MACC electrolyte in THF the o is approxima-
tively 1.96 mS cm™! which is in very good agreement with the experimental conductiv-
ity for a MACC electrolyte (~ 2 mS cm™!) measured experimentally by Doe et al.® Ay
(~ 21.25 S cm? mol™!) is obtained from Agggc“ that is approximated by the experimental
value for ZnBr" in THF (~ 18.34 S cm? mol™!),! while A by the experimental value for
AICI; in diglyme (~ 2.91 S cm? mol™'), respectively.? Note that we could only find these

AL, AL values in the literature.!?

ITII. CONVERGENCE NMR ISOTROPIC SHIFT

In Fig. 1 the convergence of the 3*Cl NMR isotropic shift as function of basis-set accuracy.
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FIG. 1. Convergence of the 3°C1 NMR isotropic shift as function of basis-set accuracy. Augmented

Dunning’s correlation consistent aug-CC-pV'TZ basis-set as a reference for benchmark.

IV. GEOMETRIES OF RELEVANT MACC SPECIES

z, 3, and z coordinates for relevant MACC species obtained from structural relaxation using

DFT with B3LYP and 6-314+G(d) basis-set.
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+3.357014 +0.797449 -1.377715
+3.912841 +1.342098 +0.217512
+3.905366 -1.333274 -0.275029

=== = R = = i = o)

+3.234809 -0.767253 +1.265869

F. AICI;

Al +0.009756 +0.007267 +0.000887
Cl +0.326400 -1.978600 +0.838088
Cl -1.731933 +0.905586 +0.953060
Cl -0.361819 -0.178015 -2.136324
Cl +1.759927 +1.245498 +0.344501

V. BASIS-SET AND FUNCTIONAL CONVERGENCE

Table II shows the convergence of the reaction energy (AFE) for the reaction in Eq. 4 with

different basis-set and functionals.

MgCI* (3THF) 4+ MgCly(2THF) — Mg,Clj (4THF) + THF (4)

TABLE II. Computed AE (in eV) for reaction in Eq. 4.

Basis-set (B3LYP) AFE

6-31+G(d) -0.2456
6-31+G(d,p) 0.3776
6-311+G(d,p) -0.3954
aug-CC-pVDZ —0.4282

The AEs of Eq. 4 vary as function of the basis-set quality form 6-31+G(d) to aug-CC-pVDZ,
not showing substantial convergence within chemical accuracy. For this reason the minimal

basis-set 6-314+G(d) is chosen easing the large computational effort of this study.

VI. RADIAL DISTRIBUTION FUNCTIONS

Radial distribution function as obtained with the Classical molecular dynamics setup ex-

plained in the methodology section of the manuscript.
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FIG. 2. Mg-C(THF) radial distribution functions (in A) for a) MgCly , b) MgCI* (monomer), c)
MgoCl3 (dimer) and d) MgzCly (trimer).
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FIG. 3. Mg-H(THF) radial distribution functions (in A) for a) MgCly , b) MgCI* (monomer), c)
MgoCl3 (dimer) and d) MgzCly (trimer).
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FIG. 4. Cl-O(THF) radial distribution functions (in A) for a) MgCly , b) MgCIl* (monomer), c)
MgoCl3 (dimer) and d) MgsCly (trimer).
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FIG. 5. C-C(THF) radial distribution functions (in A) for a) MgCly , b) MgCl* (monomer), c)
MgoCl3 (dimer) and d) MgsCly (trimer).
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FIG. 6. CI-H(THF) radial distribution functions (in A) for a) MgCly , b) MgCIl* (monomer), c)
MgoCl3 (dimer) and d) MgsCly (trimer).
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