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Abstract 
Nanotechnology, with its ability to manipulate matter at the atomic and molecular scale, has significantly influenced the development of advanced 

materials. This mini-review explores the synergistic relationship between nanotechnology and 2D MXenes, a family of two-dimensional transition 
metal carbides, nitrides, and carbonitrides. The review encompasses the synthesis methods of 2D MXenes, emphasizing the role of nanotechnology in 
achieving precise control over material properties. The structural characteristics of MXenes at the nanoscale are elucidated, showcasing their unique 
electronic properties and the tools, such as scanning tunneling microscopy and atomic force microscopy, that enable their detailed investigation. 
The integration of nanotechnology in the manipulation of electronic properties is discussed, emphasizing the tunable conductivity of MXenes and 
their potential applications in electronic devices. The energy storage applications of MXenes, particularly in supercapacitors and batteries, are 
highlighted, showcasing how nanoscale engineering enhances their electrochemical performance. The catalytic and sensing capabilities of MXenes, 
augmented by nanotechnology, are explored, underscoring their potential in diverse chemical and sensing platforms. The review extends into the 
realm of biomedical applications, where the combination of nanotechnology and MXenes opens new possibilities in drug delivery, imaging, and 
theranostics. The challenges in the field, including scalability of synthesis methods and long-term stability of nanocomposites, are addressed. 
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Introduction
Nanotechnology, the manipulation of matter at the atomic 

and molecular scale, has emerged as a groundbreaking field with 
vast applications in various domains, ranging from medicine to 
electronics. One particularly exciting development within the 
realm of nanomaterials is the discovery and exploration of 2D 
MXenes. The discovery of graphene marked the inception of the 
2D materials era, sparking immense interest in exploring novel 
materials with exceptional properties. MXenes, a family of 2D 
transition metal carbides, nitrides, and carbonitrides, have gained 
significant attention for their tunable physicochemical properties 
and versatility in applications [1]. This mini-review delves into the  

 
synergistic relationship between nanotechnology and 2D MXenes, 
highlighting their synthesis methods, structural characteristics, 
and diverse applications.

Synthesis Methods
Nanotechnology plays a pivotal role in the synthesis of 2D 

MXenes, offering precise control over material properties. One 
of the most widely used methods is the selective etching of MAX 
phases, where the A layer (typically aluminum) is removed from 
the precursor MAX phase, leaving behind the 2D MXene. Advanced 
nanoscale techniques, such as chemical vapor deposition and 
liquid exfoliation, further contribute to tailoring MXene properties. 
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The integration of nanotechnology in MXene synthesis ensures 
scalability, reproducibility, and the ability to fine-tune the material 
for specific applications [2].

Structural Characteristics
The nanoscale dimensions of 2D MXenes impart unique 

structural and electronic properties. The most common MXene, 
titanium carbide (Ti3C2), exhibits a layered structure with a 
high surface area, providing abundant active sites for various 
interactions. Nanotechnology tools, such as scanning tunneling 
microscopy (STM) and atomic force microscopy (AFM), enable the 
detailed investigation of MXene layers, elucidating their electronic 
and mechanical properties at the nanoscale. This structural insight 
is crucial for optimizing MXene-based materials for applications 
ranging from energy storage to catalysis [1,3].

Electronic Properties
Nanotechnology facilitates the manipulation of electronic 

properties in 2D MXenes, opening avenues for tailored applications. 
The tunable electronic conductivity of MXenes, stemming from 
their transition metal carbide composition, positions them as 
promising candidates for electronic devices. Quantum dots and 
nanostructures embedded within MXene layers further enhance 
their electronic capabilities. The synergistic interplay between 
nanotechnology and MXenes in modulating electronic properties 
holds immense potential for the development of efficient sensors, 
conductive materials, and next-generation electronics [4].

Energy Storage Applications
The combination of nanotechnology and 2D MXenes has 

revolutionized the landscape of energy storage materials. MXenes 
exhibit high capacitance, excellent electronic conductivity, and rapid 
ion diffusion, making them ideal candidates for supercapacitors 
and batteries. Nanoscale engineering of MXene surfaces enhances 
their electrochemical performance by increasing active sites and 
reducing charge transfer resistance. The resulting nanocomposite 
materials exhibit superior energy storage properties, addressing 
the growing demand for high-performance energy storage devices 
in portable electronics and electric vehicles [5].

Catalysis and Sensing
Nanotechnology-enhanced 2D MXenes have demonstrated 

remarkable catalytic activity and sensing capabilities. The large 
surface area and abundant active sites of MXenes make them 
excellent catalysts for various chemical reactions. Nanoparticles, 
quantum dots, or other nanostructures integrated with MXenes 
amplify their catalytic efficiency. Additionally, the sensitivity of 
MXenes to changes in the surrounding environment makes them 
promising candidates for sensors. Nanoscale modifications further 
enhance their selectivity and sensitivity, positioning MXenes as 
key players in the development of advanced catalytic and sensing 
platforms [6].

Biomedical Applications
The convergence of nanotechnology and 2D MXenes opens 

up exciting possibilities in the field of biomedicine. MXenes have 

demonstrated biocompatibility and unique physicochemical 
properties suitable for drug delivery, imaging, and theranostic 
applications. Nanoscale formulations of MXenes facilitate targeted 
drug delivery, utilizing their high surface area for efficient drug 
loading. Surface functionalization at the nanoscale allows for the 
attachment of biomolecules, enabling specific interactions with 
biological entities. The integration of MXenes with nanoscale 
imaging agents further enhances their utility in non-invasive 
imaging modalities [7-9].

Challenges and Future Perspectives
While the synergy between nanotechnology and 2D MXenes 

holds immense promise, several challenges remain. The 
scalability of nanoscale synthesis methods, long-term stability of 
nanocomposites, and comprehensive understanding of toxicity 
issues are critical considerations. Additionally, the exploration of 
novel MXenes and the development of standardized characterization 
techniques at the nanoscale are ongoing research areas. Future 
endeavors should focus on addressing these challenges to unlock 
the full potential of MXenes in diverse applications.

Conclusion
The marriage of nanotechnology and 2D MXenes presents a 

fertile ground for the development of advanced materials with 
unprecedented properties. From energy storage to biomedical 
applications, the synergistic relationship between nanotechnology 
and MXenes has paved the way for innovative solutions to 
contemporary challenges. As research progresses, addressing the 
remaining challenges and further refining nanoscale synthesis 
and characterization techniques will undoubtedly propel the 
field forward, unlocking new frontiers in materials science and 
technology.
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