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Abstract 

As compared to O3 and P2 layered structures, birnessite MxMnO2·nH2O (M = Li+, Na+, K+) 

possesses expanded interlayer distance of about 0.7 nm, making it promising as intercalation host for 

various cations. Besides the large interlayer, crystal water can function as interlayer pillars to further 

stabilize the layered structure. Due to these structural features, birnessite has been widely 

investigated as electrode materials for various electrochemical energy storage systems, such as 

supercapacitors and batteries. However, previously reported birnessite by traditional chemical 

synthesis usually has low interlayer alkali ion content together with many structural defects, such as 

Mn disorder and Mn vacancies, which compromise its structural stability, resulting in limited 

specific capacity and inferior cycle performance. In this study, we disclose that a highly ordered 

layered structure of birnessite can be obtained from Mn3O4 via an unusual spinel-to-layered phase 

mailto:xiahui@njust.edu.cn


   

© International Association of 
Advanced Materials 

Vid. Proc. Adv. Mater., Volume 2, Article ID 2103155 (2021) [2 of 2] 

 

www.iaamonline.org www.proceedings.iaamonline.org 

 transition. By using hydrothermal alkali ion preinsertion, we can effectively control the interlayer 

alkali ion content and crystal water content for the birnessite. It is found that the high alkali ion 

content in the birnessite is critical to improve its structural stability and charge storage capability. 

Especially for Na-Birnessite, a high Na/Mn ratio of 1:1 is achieved, and this birnessite can retain the 

large interlayer spacing of about 0.7 nm even when removing all crystal water. Without crystal water, 

the large interlayer of the birnessite is realized by forming a new polymorph of Mn(OH)8 

hexahedron in the layered structure, resulting in ultrastable layered structure for Na+ storage. This 

study provides new insights and effective strategy to develop superior birnessite and its derivatives 

for advanced energy storage. 
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