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ABSTRACT

MXenes, a novel class of two-dimensional materials, have garnered significant attention since their
discovery in 2011 due to their exceptional tunable physicochemical properties, making them
promising candidates for electrocatalysis and energy storage. This thesis details the design, synthesis,
and application of Cr2CTx MXene obtained from the Cr2AIC MAX phase, aiming to modulate its
structural and functional features. A scalable fabrication strategy enabled the production of
well-defined, accordion-like Cr-MXene, which was systematically characterized through
comprehensive spectroscopic and microscopic analyses. Electrochemical studies revealed that soft
chemical modifications using different etching media, including HF, LiF/HCl, and NaOH,
significantly influence both hydrogen and oxygen evolution performance, as well as supercapacitive
behavior. Further enhancement was achieved by integrating carbon nanofibers (CNFs), where the
interconnected fibrous network in the Cr2CTx/CNF composite improved both electrochemical and
clectrocatalytic activity. To hamess synergistic effects, a heterojunction was engineered with spinel
NiFe204, forming Cr2CTx/NiFe204, which exhibited bifunctional catalytic activity toward both
HER and OER along with notable pseudocapacitive performance. In addition, a
double-transition-metal MXene, Cr2MoC2Tx, was synthesized, introducing dual active sites and
bimetallic functionality that further enhanced its electrochemical and electrocatalytic properties.
Overall, this work advances MXene research by addressing key challenges related to scalability,
structural stability, and multifunctional performance.
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