Dual Mg²⁺/Li⁺ Intercalation in 1T-MoS₂ Nanoflowers for Rechargeable Magnesium-Anode Batteries
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ABSTRACT
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Figure 1. GCD profile for 1T and 2H
phase at 100 mAg™!.
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To advance sustainable energy storage technologies, this study investigates phase‑engineered 1T‑MoS2 nanoflowers as efficient cathodes for rechargeable magnesium batteries utilizing a hybrid Mg²⁺/Li⁺ electrolyte. The dual‑ion system enhances ionic conductivity and facilitates synergistic cation diffusion, enabling reversible intercalation of Mg2+ within the 1T-MoS2 framework. Structural characterization through XRD and Raman spectroscopy confirms the formation of the metallic 1T phase, characterized by expanded interlayer spacing and improved electrical conductivity relative to the semiconducting 2H counterpart. Electrochemical testing reveals superior performance of the 1T phase, achieving stable reversible capacities of 242 mAhg-1 and 130 mAhg-1 for the 1T and 2H phases, respectively, over 100 cycles with nearly 100 % coulombic efficiency at 100  mAg-1 as shown in Figure 1. The enhanced storage capability arises from the unique electronic structure and extended interlayer spacing of the 1T phase, which collectively promote efficient Mg2+/Li+ transport and charge transfer. Further, XRD, EDS and XPS of the discharged state of the 1T-MoS2 cell confirm the dual ion intercalation. These results demonstrate that coupling phase‑engineered MoS₂ with a tailored dual‑ion electrolyte offers a promising strategy for developing high‑rate, durable, and environmentally benign multivalent energy storage systems.
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