
Abstract 

Na-ion batteries (NIBs) are at the forefront of energy storage technologies due to larger 
abundance of raw materials and enhanced cost-effectiveness compared to Li-ion 
counterparts [1]. Despite the great advances achieved, identification of efficient, stable and 
cheap component materials still hinders convenient NIB commercialization.  

Following previously investigated TM combinations in P2-cathode materials [2], we herein 
present a combined experimental-computational investigation on Zr-containing NaxTMO2 
(TM = Zr, Ni, and Mn), chosen for the reduced amount of critical raw materials (CRM) and for 
its enhanced structural stability and electronic properties [3].  

Our theoretical findings based on DFT+U calculations shed light on the crucial role of 
TM/Navac anti-site defects (AS) that can be formed at high voltages (12.5% – 25% Na 
content), with major effects on structure stability. Experimental analysis (e.g., Cyclic 
Voltammetry, X-ray diffraction) further demonstrates that enhanced stability and efficiency 
can be achieved with 3% Zr doping.  

Furthermore, we investigated the stability of this class of materials in an aqueous 
environment and the role of intercalated water on their electrochemical properties, towards 
water-based formulations of cathodic electrodes.  

Altogether, these outcomes pave the route towards the rational design of safe and durable 
high-energy cathodes to be employed in next-generation NIB technologies. 
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