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Introduction Electronic Structure

Fermi Level Energy (eV)

System Na1NbO3 Na1MoO3 Na1TcO3 Na1RuO3 Na1RhO3 Na1PdO3 Na1AgO3

Voltage (V) 4.94 2.62 2.90 3.72 3.63 4.08 4.66

O–O (Å) 2.58 2.53 2.49 2.51 2.53 2.59 2.64

System Na1VO3 Na1CrO3 Na1MnO3 Na1FeO3 Na1CoO3 Na1NiO3

Voltage (V) 5.91 4.24 4.53 5.18 3.49 3.98

O–O (Å) 2.40 2.28 2.35 2.32 2.29 2.40
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• O’s 2p states actively participate in redox reaction in 
hexagonal ilmenite type Na1TMO3 compounds facilitating 
higher capacity and higher electrochemical potential.

• Detrimental structural features such as loss of O or TM 
migrations were no detected.

Density of states. Black, blue and red lines correspond to total TM 4d and O 2p states.

The structure of (a) 
sodiated conventional 
unit cell of ilmenite 
Na1TMO3 and (b) the 
desodiated 
Na0.5TMO3.

Computational Settings

Electrochemical Performance

1. The exchange-correlation functional was treated with GGA+U 
formalism for 4d elements. U term was particularly fine-tuned 
to reproduce the electrochemical potential of Na extraction in 
NaxRuO2 compound for which measurements exist [4].

2. For 3d elements hybrid functional was used to account for 
strong localization effects. 

3. High symmetry primitive cells and supercells were fully 
optimized.
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Conclusions

We present a comprehensive density functional study surveying 
the full range of ternary hexagonal layered Na1TMO3 compounds 
of ilmenite type structure (space group 148, Rത3) that consist of 
Na, O and 4d transition metal (TM) elements in search for 
candidates with high potential and large capacity for sodium ion 
battery cathodes based on O redox [1-3]. 
The availability of O electrons for redox reaction in these 
compounds originates from the local coordination environment; 
O ions are coordinated by two TM ions and two Na ions. O 
under-coordination elevates some of un-hybridized or orphaned 
O 2p states closer to the Fermi level and thus facilitates 
continuous O redox over a wide range of Na concentrations. 

1. According to calculated charge densities, 
there is no electronic charge in the space 
between tow adjacent O ions of the same 
octahedra.

2. As a result, these two oxygen ions do not 
form any sigma bond.

3. Large O–O separation was also found to 
prevent the detrimental O2 evolution in 
these compounds.

4. Lack of Bonding among O ions prevents 
the evolution of O2 gas that has 
detrimental effect on the cathode 
performance.

The extent of the O participation in the redox reaction is 
reflected in the fact the O states generally gravitate towards 
the valence band maximum in all NaTM1O3 compounds.

Our results indicate oxygen’s significant participation in 
the redox reaction in a number of compounds such as 
Na1VO3, Na1MnO3, Na1FeO3, Na1NbO3 and Na1AgO3

that results in a voltage larger than 4.5 V.
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