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Figure S1. (a) X-ray Rietveld refinement of VO, powder. Space group : C 2/m, a=12.065 (1) A,
b=3.690 (1) A, c=6.419 (5) A, p=106.99 (1)°. (b) SEM image of VO, powder.

@ s (b) o
30 °C 60 °C °
2
10F — 1stcycle — 1stcycle <. 100 F g @ ® ® 00 00 o000 09
= — 51 cycle % ¢
~ 05F  __ 4om ‘S 9Fr
e 10t cycle au:)
o}
g 00 £ sof
r— 5 30°C
05 F 1.0 mA cm™2, 1.0 mAh cm™2 3 or 1.0 mA cm™2, 1.0 mAh cm™2
Q
_10 1 1 1 1 60 " L " 1 i
0.0 0.2 0.4 0.6 0.8 1.0 0 5 10 15
Capacity / mAh cm™ Cycle number

Figure S2. Asymmetric cell test comparison employing Cu as a working electrode and Mg metal
as counter and reference electrode at 30 °C and 60 °C with a current density of 1.0 mA cm 2. (b)
The corresponding Coulombic efficiency at 30 °C.
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Figure S3. (a) Asymmetric cell test employing Cu as a working electrode and Mg metal as counter
and reference electrode at 60 °C with a current density of 0.1 mA c¢cm 2. (b) The corresponding
Coulombic efficiency of the asymmetric cell test.

Voltage / V vs. Mg/Mg?*

1.0 1.5 2.0 25 3.0 3.5 4.0 4.5
05 v 1 v ] v 1 ' 1 v 1 M L) v

0.4

0.3

0.2

|/ mA cm2

0.1

-1.5 10 -05 0.0 0.5 1.0 1.5 2.0

0.0 :
Voltage / V vs. Ag/Ag*

Figure S4. LSV profile of 0.3 M Mg[Al(hfip)4]2 in diglyme with carbon-coated Al foil as working
electrode.
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Figure S5. Galvanostatic discharge-charge profile of the full cell comprising VO, cathode and

0.3 M Mg[B(hfip)s]> in diglyme as the electrolyte with a current density of 10 mA g ! cycled at
different temperatures; (a) 30 °C and (b) 60 °C.
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Figure S6. SEM image of Mg metal anode surface cycled in three-electrode cell with VO as the
cathode (a) after 1% cycle and (b) after 10" cycle.
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Figure S7. (a) SEM-EDX mapping of Mg metal surface after 1* cycle in three-electrode cell with
VO, as the cathode. (b) ToF-SIMS analysis of V' spectra of Mg metal surface taken at two
different spots, indicates the presence of vanadium.

Table S1. Elemental ratios estimated from the ICP-OES analysis on VO, cathode

Mass Ratio (%) Relative Atomic Ratio

Sample
Mg \% Mg \%

Pristine <0.005 1.3 0.00 1.00
1* Discharge 0.019 1.3 0.03 1.00
15 Charge <0.005 1.4 0.00 1.00
10" Discharge 0.079 1.2 0.14 1.00
(0.3 Vvs.
Ag/Agh)
10" Discharge 0.074 1.8 0.09 1.00
(0.5 V vs.
Ag/Agh)
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Figure S8. ToF-SIMS analysis area on Mg metal surface cycled with 0.3 M Mg[Al(hfip)s]2 in

diglyme electrolyte in (a) symmetric cell and (b) in full cell with VO as a cathode, respectively.
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Figure S9. ToF-SIMS surface spectra of Mg metal cycled with 0.3 M Mg[Al(hfip)4]> in diglyme

electrolyte in (a), (b) symmetric cell and (c), (d) in full cell with VO, as a cathode, respectively.
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