Electrosynthesis of MnO₂ Films: Linking Deposition Parameters, Morphology and Electrochemical Performance
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Abstract
Manganese dioxide (MnO₂) is a leading candidate for energy storage systems (batteries, supercapacitors) due to its high theoretical capacitance (1387 F·g⁻¹), eco-compatibility, and low cost [1,2]. The synthesis pathway chosen for manganese oxides is a critical determinant of their ultimate characteristics and functionality. Distinct physical and chemical methods, each defined by specific parameters, precursors, and formation mechanisms, exert precise control over the resulting MnO2's structure, morphology, and electrochemical performance [3]. Electrodeposition represents a versatile and low-cost approach for producing MnO₂ films, offering precise control over morphology and thickness through the adjustment of deposition parameters [3,4].
This work investigates the influence of the electrosynthesis parameters on the electrochemical and structural properties of MnO₂ electrodes Three key parameters were systematically explored: the manganese ion source (manganese acetate vs. manganese sulfate), the applied synthesis potentials, and the total electrical charge passed during deposition.
Morphological and structural analyses were performed using atomic force microscopy (AFM) and Scanning Electron Microscopy (SEM). Optical properties and film thickness were characterized by Ellipsometry. Electrochemical performance was assessed through cyclic voltammetry (CV), Galvanostatic Charge–Discharge (GCD), Electrochemical Impedance Spectroscopy (EIS), and Electrochemical Quartz Crystal Microbalance (eQCM).
The results showed that the surface morphology of the synthesized material is strongly governed by both the manganese ion precursor and the applied electrodeposition potential. These synthesis parameters alter the shape and spatial distribution of the resulting MnO₂ clusters, which in turn significantly affect the material's physicochemical properties and charge storage performance.
By correlating synthesis conditions with the resulting material properties, this study provides a comprehensive understanding of how each parameter influences the performance of MnO₂-based electrodes for energy storage applications.
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