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Due to the ever-increasing demand for high capacity energy 

storage systems, beyond lithium-ion (Li-ion) batteries have 

gained significant attention. Among these chemistries, the 

theoretical specific capacity of a lithium-oxygen (Li-O2) 

battery is 3-4 times higher than that of a Li-ion battery [1]. 

However, practical capacities of Li-O2 batteries are much 

lower than their theoretical capacities and their cycle lives 

and round-trip efficiencies are very limited. These can be 

attributed to various side reactions taking place inside the cell 

as well as inadequate materials and cell design [2]. Hence, it 

is very critical to determine key cell design factors and 

effective materials that should be utilized in a Li-O2 cell. 

Since there are many variables that can affect the Li-O2 cell 

performance, it is not straightforward to determine the 

relation between materials and cell design with the battery 

performance and select the promising ones among these 

factors. In this respect, machine learning is a powerful tool to 

reveal the complex variables leading to high battery 

performance [3]. In this work, two machine learning 

techniques, association rule mining (ARM) and decision tree 

(DT) are used to determine the promising materials and 

design factors in Li-O2 batteries that lead to high peak 

discharge capacities (PDC) and cell voltages.  

 

To apply machine learning techniques, a dataset is collected 

using the Web of Science platform. Experimental articles 

published after 2010 are sorted according to the relevance 

and 157 papers are collected from the top. 774 of data points 

provide constant-current discharge capacities and these data 

are labeled as the capacity testing group. On the other hand, 

242 data points report the cut-off voltages obtained at a 

specified capacity and they constitute the voltage testing 

group. The analyses are performed separately for discharge 

specific capacity and cut-off voltage as the desired output for 

the capacity and voltage testing groups, respectively. 13 

variables that are widely reported in the literature are 

determined as the inputs to the analyses. Since the amount of 

cycling data is limited in the literature, cycle life analysis is 

not included. ARM analyses are used to reveal the single 

factor effects on high PDCs and voltages by comparing the 

lift values of the individual categories of a variable. Lift value 

indicates the ratio of the fraction of a category in high PDC 

cells to the fraction of that category in the total data. 

Apparently, for a category to be promising it should have lift 

values higher than 1. Finally, DT analysis is used to study the 

multi-factor effect that can give rules to get high PDCs. To 

do that, the dataset is divided into training and testing groups, 

which constitute 75% and 25% of the total capacity testing 

group, respectively. 5-fold cross-validation is used in the 

training set to determine the most successful DT model and 

this model is tested with the testing group. 

 

Figure 1 shows a bubble graph where bubble size indicates 

the number of data points obeying the rule. It represents the 

change of lift values with respect to PDCs ranging from 3000 

to 10000 mAh g-1 for different cathode materials. As can be 

seen in the figure, N-doped carbons, graphene, graphene 

oxide and porous carbons are proposed to be promising for 

high PDCs with increasing lift trends.  

 

Figure 1. Lift vs PDC for the cathode material type in a Li-O2 

battery 

 

ARM and DT analyses show similar results for high 

performance Li-O2 batteries. Cathode materials, cathode 

ingredients and electrolyte solvents are found to be the most 

critical variables. LaFe oxides, Ni oxides and Ru are 

suggested to be used as cathode ingredients, whereas DME, 

DMSO, triglyme and tetraglyme without a salt or with 

LiClO4 salt are suggested as promising electrolytes for Li-O2 

batteries. 
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