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Polyoxometalates (POMs) represent an attractive class of redox-active molecular metal-oxide clusters due to their reversible multielectron charge-storage capabilities, structural tunability, and well-defined electrochemical behavior. However, translating these molecular properties into practical electrochemical architectures remains challenging, particularly in aqueous environments where the spatial organization, retention, and accessibility of redox centers strongly influence device performance.

Here, we investigate hydrated nanocellulose-polyoxovanadate (POV) hybrid hydrogels as sustainable electrochemical materials for aqueous charge-storage applications. Fully oxidized vanadium-based clusters, including species such as hexavanadate (V6) and decavanadate (V10), are incorporated into ionically conductive nanocellulose networks that provide a hydrated, mechanically robust, and renewable scaffold [1]. The resulting composites combine the redox activity of molecular vanadium oxide clusters with the efficient ion transport and structural adaptability of nanocellulose hydrogels.
The structure and interfacial organization of the hybrid materials are characterized using atomic force microscopy (AFM), scanning electron microscopy (SEM), vibrational spectroscopy (Raman and FTIR), and electrochemical methods. Particular emphasis is placed on understanding how the nanocellulose microenvironment influences polyoxovanadate distribution, redox accessibility, and ion transport within the hydrated matrix. Electrochemical measurements reveal pronounced pseudocapacitive behavior arising from the embedded polyoxovanadate clusters while maintaining the ionic conductivity of the hydrogel architecture when combined with conductive polymer additives such as polypyrrole added by vapor-phase polymerization [1]. Furthermore, spatially resolved electrochemical characterization using scanning electrochemical cell microscopy (SECCM) is explored to probe local charge-storage activity and heterogeneity across the composite interface [2].

These results establish nanocellulose-POV hydrogels as a promising platform for sustainable aqueous electrochemical energy-storage materials and provide insight into the design of redox-active soft matter architectures in which molecular charge-storage units are integrated within biomaterial-derived ion-conducting networks.
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