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The rechargeable Li-air battery utilizing non-aqueous electrolytes, in which the active positive electrode, O2, is accessed from the atmosphere (1,2), has received significant attention recently as it is the highest energy density battery theoretically possible after the Li/F2 couple. The specific energy of the battery calculated for a discharge reaction involving the reduction of O2 to O22- at an average voltage of 2.9 V is 5200 Wh/kg. The presently available data suggest that this battery is rechargeable although only a limited number of cycles have so far been demonstrated. The four-electron reduction of O2 required to achieve the full energy capability of the Li/air battery suggests that the multi-step O2 reduction processes involved in the discharge and charge processes must be elucidated in order to transform it into a long cycle life practical battery. To this end, we have studied the electrochemistry of O2 in a series of organic electrolytes in order to determine the kinetics and mechanism of O2 reduction, the products thus formed, and their rechargeability. We have found that O2 reduction reactions in organic electrolytes are unique and different from those observed in aqueous electrolytes. The first product of oxygen reduction in non-aqueous electrolytes is superoxide, O2- (equation 1). In electrolytes containing tetrabutyl ammonium (Bu4N+) salts, the superoxide, is extremely stable as Bu4NO2, whereas in Li ion-conducting electrolytes, the LiO2 formed is unstable and decomposes to Li2O2 and O2 (eqn.3). The LiO2 that survives decomposition is reduced to Li2O2  (eqn.4). These finding can be explained using the Hard Soft Acid Base theory of Pearson (3).

     

 O2 + Li+ + e-   
=  LiO2                    


 [1]
   

 2 LiO2  
= Li2O2 + O2                                   

  [2]

    

 LiO2 + Li+ + e-   =  Li2O2 
           


  [3] 

Li2O is probably formed as the ultimate reduction product of O2 via the reaction in equation 4. 

Li2O2 + 2Li+ + 2e- = 2 Li2O               


 [4]

We have identified the main discharge product of the Li-O2 battery to be Li2O2 from the Raman Spectrum, and X-ray diffraction pattern and SEM-EDX analyses of the discharged electrodes. Factors affecting the rechrgeability of the Li-air battery, as we presently understand, will be discussed. 
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