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Abstract: The practical application of manganese dioxide (MnO,) in supercapacitors is limited
by the difficulty of concurrently achieving high energy and power density. This study
addresses this limitation through a "bottom-up" structural tuning strategy in which [MoQ,]
units, whose octahedral parameters closely match those of the host [MnO,], are introduced
into the MnO, lattice during hydrothermal synthesis to perturb [MnO,] octahedral assembly
and enable precise structural modification. The [MoO,] concentration proved to be a critical
parameter governing the resulting morphology, crystal phase, and defect density. Scanning

s HER: 2026-02-03; f&XFmHAHA: 2026-03-09.

WA EEKASRRIEES (22105164 7122379112); LA HARIAESE (B2025203011), WALARHLTHH (C20230506 F1BJ20260701) .
F—1EE: WFER (2000—), B, WLeFsid, EEHFURMEIOLA SRR L, E-mail: 13011570629@163.com; BIE1EE: L,
B, FEMF R LB TR LK R A R 2, E-mail: wangjr@ysu.edu.cn; =R, #0%, FEHFCHEALSE ARG S H AR b
)51, E-mail: fmgao@tust.edu.cn.

SIRARS: MR, LEW), kW . 852 UL AP RL R 2 S G HL MR RERIT TE[J]. i RERT S S HOR, 2026, 15(5): 1704-1715.

Citation: YANG Tianshuo, WANG Jianren, GAO Faming. Synthesis and supercapacitive performance of molybdenum-doped manganese
dioxide electrode materials[J]. Energy Storage Science and Technology, 2026, 15(5): 1704-1715.



%5 MRERSE: HB A% B FAPD R i & S FLHE e PR eI 5 1705
electron microscopy (SEM) and transmission electron microscopy (TEM) confirmed

pronounced morphological changes upon [MoQO,] incorporation, while X-ray photoelectron
spectroscopy (XPS) and high-resolution TEM (HRTEM) revealed the formation of additional
oxygen vacancies and a disordered local structure. Electrochemical measurements showed
that the optimally doped sample (Mo, ,.-MnQ,) achieved a specific capacitance of 158.9 F/g at
5 mV/s and retained 68% of this value at 200 mV/s. The role of [MoQ,] in charge storage was
further investigated by in situ electrochemical impedance spectroscopy, from which ion
diffusion coefficients were determined for electrodes across a range of doping levels. Finite
element analysis indicated that moderate [MoO,] doping produces a defect-rich yet locally
ordered structure that optimally balances active-site density and ion diffusion relaxation time,
thereby enhancing both energy and power density simultaneously. These findings establish a
viable route for synthesizing high-performance Mo-doped MnQO, electrodes and clarify the
underlying structure-performance relationship, offering design guidelines for advanced
pseudocapacitive materials.
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Fig. 1 (a) Schematic illustration of the effect of different Mo addition amounts on the growth of MnO,; SEM
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Fig. 2 (a) HRTEM image of Mo, ,.-MnO,; (b) XRD patterns, (c) Raman spectra, XPS spectra: (d) Mn 3s,
(e) O 1s, and (f) Mo 3d of Mo,-MnO,, Mo, ,.-MnO,, and Mo, .-MnO,
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