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ABSTRACT

The rise in energy consumption, driven by technological advancements and industrial activities, has led to
environmental challenges such as water contamination and pollution, pesing threats to hnnan health and
ecosystems. This highlights the urgent need for sustainable energy solutions. Hydrogen, as a renewable energy
source, holds promise in addressing the energy crisis, with electrochemical water splitting. Supercapacitors,
with their rapid charge/discharge, long life cycle, and high-power density, excel as energy storage devices.
MXenes, derived from MAX phases, have gained recognition for their unique properties in energy and
environmental applications. However, challenges such as self-oxidation and layer restacking limit their broader
use. To overcome these issues, MXenes are integrated with heteroatoms, carbon nanomaterials, metal oxides,
and sulfides as interlayer spacers. This study highlights the significant improvements in energy generation,
storage, and environmental applications achieved through such strategic combinations, paving the way for
sustainable solutions,
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