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Methodology ResultsPurpose and Overview

The demand for clean, efficient energy is constantly 

increasing, and current technology does not provide the 

necessary capacity to meet the needs of an energy-

dependent world. Magnesium-sulfur batteries are a high 

energy density alternative to Li-ion batteries. 

• Both Mg and sulfur, a recent cathode material of 

interest, have high innate capacity. Coupled they 

promise a next-generation, high energy density battery.

• Mg and sulfur are naturally abundant resources, 

whereas Li is highly limited.

• Determining the dissociation mechanism between Mg-S 

discharge species, called polysulfides, will progress the 

development of advanced battery technologies.

Conclusions and Future Work

To enhance the capacity and lifespan of these batteries, 

this self-discharge phenomenon must be mitigated. 

Proposed future actions:
• Develop a class of electrolytes that are stable against 

self-discharge

• Characterize discharge mechanism and reduction 

pathways of polysulfides in Mg-S batteries

A major problem is 

capacity fade and 

limited lifespan, as 

demonstrated by the 

decrease in capacity 

with cycling. 

References

Quantifying the total amount of sulfur 

in these 9 cells using HPLC shows 

that the sulfur in the cell reacts outside 

of the implemented electrochemical 

reaction. The area under the curves in 

this plot of chromatograms gives the 

total amount of sulfur in one set.

Coin cells were used to analyze the 

composition of sulfur in a cell post 

discharge under varying conditions.

The polysulfides were derivatized so 

that they could be separated by 

species using high performance liquid 

chromatography (HPLC). 

HPLC quantified higher total 

amounts of solid sulfur with 

both increased capacity and 

increased aging time showing 

simultaneous electrochemical 

and non-faradaic reduction.

UV-VIS analysis of the 

electrolyte shows 

dynamic processes 

govern the concentration 

and stability of 

intermediate polysulfide 

species. In general, these

batteries are seen to undergo non-faradaic self-discharge, where 

sulfur converts to polysulfides which further react and precipitate 

irreversibly from solution. Of the four popular and chemically 

distinct Mg-S electrolytes tested, all of them exhibit this self-

discharge behavior.
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