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Lithium-sulfur (Li-S) batteries are one of the most promising 

battery chemistries that can replace Li-ion batteries with their 

high specific capacity of 1675 mAh g-1. However, their 

commercialization is hindered by severe problems such as the 

insulating nature of sulfur and the discharge product, high 

reactivity of the anode, polysulfide shuttle mechanism and 

the cathode volume change during discharge/charge. These 

phenomena increase the cell resistance and significantly 

reduce the specific capacity and cycle life of a Li-S battery. 

Consequently, there has been a great research effort on 

maximizing the discharge capacity and cycle life of Li-S 

batteries. Yet, the system-level energy density and specific 

energy should also be determined to compare the 

performance of the Li-S batteries with the Li-ion batteries. In 

order to increase the system-level energy density of a Li-S 

battery, inactive materials mass in the battery pack should be 

minimized. Electrolyte constitutes a big portion of the 

inactive materials mass [1]. Hence, the selection of 

electrolyte materials that work in lean electrolyte conditions 

can lead to high performing batteries. In this respect, ionic 

liquids have gained significant attention recently as 

promising electrolyte solvents that can increase the specific 

capacity of the Li-S cells [2]. However, the amount of data 

reporting the system-level performance of Li-S batteries 

using ionic liquid electrolytes is very limited. 

 

In this work, we reviewed most of the Li-S literature to 

extract the articles that utilize ionic liquids as liquid 

electrolytes in their cells. A dataset including widely reported 

materials and design parameters as well as their reported 

specific capacities was constructed for Li-S cells with ionic 

liquid electrolytes. Then, we developed a system-level 

performance model (based on BatPaC model [1]) that can 

predict the system-level energy density and specific energy of 

these cells. Finally, machine learning methods were used to 

determine the most critical ionic liquid properties and 

materials and cell design factors that can result in high Li-S 

battery performance. 

 

First, association rule mining (ARM) was applied to the 

dataset to determine factors leading to high specific 

capacities. ARM provides single factor effects and can show 

the promising categories of a variable [3]. The results are 

compared through the lift value. Lift value indicates the ratio 

of the fraction of a category in high performing cells to the 

fraction of that factor in the total data. Hence, lift values 

greater than 1 shows that this category will provide high 

specific capacity with high probability. In the dataset, 93% of 

the ionic liquids contains TFSI as the anionic part. On the 

other hand, 20 different cationic groups are investigated in 

the literature. The ARM results of the top 15 ones are given 

in Figure 1. As can be seen in the figure, these ionic liquids 

have similar lifts when high capacity class is defined for the 

specific capacities higher than or equal to 800 mAh g-1. 

However, this is just the half of the theoretical specific 

capacity of a Li-S cell and not enough for the future energy 

needs. Hence, higher capacity limits are defined. When the 

limit of the high capacity class is further increased to 1000 

mAh g-1 and to 1200 mAh g-1, the promising cationic groups 

become more apparent. Having the highest lift values at high 

specific capacities, n-methyl-n-allyl-pyrrolidinium (P1A3), n-

methyl-n-propyl-pyrrolidinium (MPP), n-methyl-n-butyl-

piperidinium (PP14) and 1-ethyl-3-methyl-imidazolium 

(EMI) are shown to be promising for high specific capacities. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The change of lift values with respect to specific 

capacity (mAh g-1) for cations of the ionic liquids. 

 

Similar ARM analyses were conducted in the second part of 

the work; this dataset was fed to the system-level 

performance model to assess the effect of ionic liquid type 

and properties on the system-level energy density of the Li-S 

battery. In addition, the effect of critical design parameters 

such as electrolye-to-sulfur ratio and ionic liquid to organic 

solvent ratio on the energy density are also investigated. 
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