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Fig. S1: (a) S2p XP spectra of bulk sulfur and (b) S2p XP spectra of Mg polysulfides adsorbed

on carbon matrix.
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Fig. S2: (a) Evolution of the overpotential with respect to the cycling numbers for symmetric
Mg|Mg cells in Mg electrolyte with low and high amounts of polysulfides additives. (b)
Comparison of stripping/plating profiles for Mg electrolyte with low and high amounts of

polysulfides additives after 300 cycles.
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Figure S3: XP surface spectra for fresh Mg metal anode after soaking (30 minutes) in different

electrolytes. The XPS data clearly show the deposition of MgS, species on Mg metal surface

along with MgO and MgF,, for PS containing Mg electrolytes. Meanwhile the formation of

Mgl, species on Mg metal surface is confirmed in iodine containing Mg electrolytes.
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Fig. S4: XP spectra recorded on a Mg electrode, cycled for prolonged time in Mg electrolyte,

after different sputtering times.
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XP spectra recorded on a Mg electrode

Fig. S5:

Mg electrolyte, after different sputtering times.
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Fig. S6: XP spectra recorded on a Mg electrode cycled for prolonged time in Mg electrolyte

with a low polysulfide concentration, after different sputtering times.
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Fig. S7: Development of the atomic concentrations of different elements at the surface of Mg

electrodes, which were cycled in (a) pure Mg electrolyte, and (b) in iodine containing Mg

electrolyte, as a function of the sputtering time.
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Fig. S8: Comparison of Mg 2s XP spectra recorded on a Mg electrode cycled in (a) pure Mg
electrolyte, (b) Mg electrolyte containing iodine as additive, (¢) Mg electrolyte containing
polysulfide species as additive, (d) Mg electrolyte containing both polysulfide and iodine as

additive, after different sputter times.



Fig S9: Scanning electron microscopic (SEM) images of an extensively cycled (700 h) Mg

electrode in Mg electrolyte with a high amount of polysulfides additive.
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