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Figure S1. Different orientation of considered ionic liquid. RE (in eV) is the relative energy. 
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   Table S1. Cathodic and anodic potential value (vs. Al/Al3+).

Electrolyte Cathodic limiting 
potential (VCL)

Anodic limiting 
potential (VAL)

EMIM-AlCl4 -2.0 2.341

PMIM- AlCl4 -2.2 2.52

BMIM- AlCl4 -2.1 2.63

DMPI- AlCl4 -1.4 2.234

BMP- AlCl4 -0.1 0.155

Urea- AlCl4 -1.4 1.76

AcAm-AlCl4 -1.25 0.857
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Figure S2. NBO charges on nitrogen atoms of (a) EMIM-AlCl4 and (b) BMP-AlCl4.
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Table S2. Viscosity and density of the considered ionic liquid electrolytes at room temperature.

Ionic Liquid Viscosity (P) Density (kg/m3)

EMIM-AlCl4 0.18 12948

PMIM-AlCl4 0.19 12629

BMIM-AlCl4 0.24 123810

DMPI-AlCl4 0.32 117011

HMIM-AlCl4 0.40 119512

OMIM-AlCl4 0.42 119312

Urea-AlCl4 0.25 150013

AcAm-AlCl4 0.59 145013
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Table S3. Cationic radii of the considered ionic liquid electrolytes. The anion (AlCl4
-) radii is 

2.84 Å.

Cation (R+) vdW volume (Å3) Radii (Å)
EMIM 115.53 3.02

PMIM 132.53 3.16

BMIM 149.49 3.29

DMPI 149.43 3.29

HMIM 183.42 3.52

OMIM 217.33 3.73

Urea 154.21 3.32

AcAm 165.83 3.4
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Figure S3. Optimised structure and corresponding total energy (TE) of Cation+Al2Cl7
- systems, 

(a) EMIM+Al2Cl7
-, (b) PMIM+Al2Cl7

-, (c) BMIM+Al2Cl7
-, (d) DMPI+Al2Cl7

-, (e) BMP+Al2Cl7
-, 

(f) HMIM+Al2Cl7
-, (g) OMIM+Al2Cl7

-, (h) AlCl2(U)2
+Al2Cl7

-, (i) AlCl2(AcAm)2
+Al2Cl7

-
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