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Rechargeable Li-air (Li-O2) batteries, which have a theoretical 

energy density almost ten times higher than their Li-ion 

counterparts, are bearing the hope in development of high-

performance power sources.[1] In this battery the cathode reaction 

is not the formation of an intercalation compound but the 

reduction of oxygen gas in the presence of Li+ ions forming 

lithium peroxide Li2O2.[2] Among different cathode catalysts, 

transition metal oxides are generally utilized as an air cathode for 

lithium-air (Li-air) batteries.[3] Manganese dioxide (MnO2) has 

been widely investigated as a cathode material in Li batteries, 

due to their Li intercalation capacity (forming LixMnO2 phases), 

low toxicity, and relative low cost compared to oxides of other 

metals like Co or Ni. In Li-O2, MnO2 also play an important role, 

it has been shown that nanostructured MnO2 in different 

polymorphic states are able to catalyze Li+ and O- for the 

formation and decomposition of Li2O2, which effects the 

overpotentials and operation of the Li–air cell. Therefore, the 

surface of the manganese oxide controls the function of the 

cathode.[2] 
 

Understanding the behavior of the cathode catalysts is the key for 

improving the function of Li–air batteries. In this study, we have 

investigated the adsorption of lithium and oxygen at the surface 

of α-MnO2 using Vienna Ab-initio Simulation Package (VASP). 

The DFT+U calculation was used to improve the accuracy of the 

electronic property prediction for transitional metal oxides. The 

cutoff of the plane-wave kinetic energy was 520 eV. 4 × 4 × 1 

Monkhorst k-point was used for the geometry optimization of 

bulk system.  

 

To define the stability of surface, plane surface energy (211) was 

calculated using the below formula. 

 

 

 

The adsorption energies of Li and O atoms were calculated by 

the following formula 

 

 

 

 

The preferred site for the lithium and oxygen atoms and adsorbs 

site was investigated as shown in Figure 1. The result shows that, 

Li atoms are preferred for adsorption on (211) α-MnO2 plane. 

 

 

 

 

 

 

 

 

 

 

Figure 1. The value of adsorption energy for Li and O on α-

MnO2 (211). 
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