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Abstract
Graphene, a single layer of carbon atoms arranged in a hexagonal lattice, has captivated the scientific community with its extraordinary properties. 
Its high electrical conductivity, mechanical strength and flexibility make it a promising material for the future of electronics. However, graphene 
is just the beginning. Emerging nanomaterials like Transition Metal Dichalcogenides (TMDs), Boron Nitride (BN) and Black Phosphorus (BP) 
are poised to revolutionize the electronics industry further. This article explores the potential of these materials, their unique properties and 
how they might overcome the limitations of traditional silicon-based technologies. We delve into the current advancements, challenges and 
future directions in the integration of nanomaterials into electronic devices, highlighting the transformative impact they could have on various 
applications from transistors to flexible electronics.

Keywords: Nanomaterials • Electronics • Transistors

*Address for Correspondence: Lucifer Safford, Department of Nanosciences, 
University of Perugia, 06123 Perugia, Italy, E-mail: slucifer@gmai.com
Copyright: © 2024 Safford L. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author 
and source are credited.
Received: 02 May, 2024, Manuscript No. jncr-24-139252; Editor Assigned: 04 
May, 2024, PreQC No. P-139252; Reviewed: 16 May, 2024, QC No. Q-139252; 
Revised: 21 May, 2024, Manuscript No. R-139252; Published: 28 May, 2024, DOI: 
10.37421/2572-0813.2024.9.234

Graphene and Beyond: The Future of Nanomaterials in Electronics

Lucifer Safford*
Department of Nanosciences, University of Perugia, 06123 Perugia, Italy

Introduction
The field of electronics has been traditionally dominated by silicon-based 

materials, which have driven the development of integrated circuits and 
various electronic devices for decades. However, as the demand for smaller, 
faster and more efficient devices grows, the limitations of silicon are becoming 
increasingly apparent. Enter nanomaterials – a class of materials with at least 
one dimension in the nanometer scale – which promise to push the boundaries 
of what is possible in electronics. Among these, graphene has garnered 
significant attention due to its exceptional properties, but it is merely the tip 
of the iceberg. This article explores the future of nanomaterials in electronics, 
focusing on graphene and beyond. Discovered in 2004, graphene is a single 
layer of carbon atoms tightly packed into a two-dimensional honeycomb 
lattice. Graphene's electrons behave as if they have no mass, allowing 
them to move at high speeds with minimal resistance. It is approximately 
200 times stronger than steel by weight. Despite its strength, graphene is 
incredibly flexible and can be bent without damage. Graphene absorbs only 
2.3% of visible light, making it nearly transparent. These properties make 
graphene an excellent candidate for various applications in electronics. For 
instance, graphene-based transistors have the potential to operate at higher 
speeds than their silicon counterparts, paving the way for faster processors. 
Additionally, graphene's flexibility and transparency make it ideal for flexible 
displays and wearable electronics [1].

While graphene continues to be a focal point of research, other 
nanomaterials are emerging with unique properties that complement or even 
surpass those of graphene in certain applications. TMDs, such as molybdenum 
disulfide (MoS2) and tungsten diselenide (WSe2), are a class of materials that 
consist of a transition metal atom sandwiched between two chalcogen atoms. 
Unlike graphene, which lacks a bandgap, TMDs have a natural bandgap, 
making them suitable for use in transistors. The electronic properties of TMDs 
can be tuned by altering the number of layers, offering flexibility in designing 
electronic components. TMD-based transistors have shown promise in 
creating ultra-thin and efficient electronic devices, potentially outperforming 
traditional silicon transistors in certain aspects. Boron nitride, particularly 

in its hexagonal form (h-BN), is another exciting nanomaterial. It is often 
referred to as "white graphene" due to its similar structure to graphene but 
with boron and nitrogen atoms. It has high thermal conductivity and stability, 
which is advantageous in high-temperature applications. BN can be used in 
combination with graphene to create high-performance electronic devices, 
leveraging the best properties of both materials. Black phosphorus, or 
phosphorene when in its monolayer form, is a relatively new entrant in the 
field of nanomaterials [2].

Literature Review
The band gap of black phosphorus can be adjusted by changing the 

number of layers; similar to TMDs. BP has higher carrier mobility than most 
TMDs, which is beneficial for high-speed electronic applications. BP is being 
explored for use in transistors, photo detectors and flexible electronics, where 
its tenable electronic properties can be fully utilized. Producing high-quality 
nanomaterials on a large scale remains a significant hurdle. Techniques such 
as Chemical Vapour Deposition (CVD) are being refined, but more work is 
needed to achieve consistent and cost-effective production. Integrating these 
materials into existing manufacturing processes and electronic architectures 
poses technical challenges. Research is on-going to develop methods that 
can seamlessly incorporate nanomaterials into traditional silicon-based 
systems. Ensuring the long-term stability of nanomaterials in electronic 
devices is crucial. For instance, black phosphorus is known to degrade when 
exposed to oxygen and moisture, which needs to be addressed for practical 
applications. One of the most exciting applications of nanomaterials is in the 
realm of flexible and wearable electronics. The unique properties of materials 
like graphene and TMDs allow for the creation of devices that can bend, 
stretch and conform to various shapes without losing functionality. This has 
significant implications for health monitoring devices, smart textiles and more. 
Imagine clothing embedded with sensors that can monitor vital signs or a 
flexible smartphone that can be folded to fit in your pocket. Graphene's near-
transparency and excellent electrical conductivity make it a prime candidate 
for transparent conductors in touch screens, OLEDs and solar cells [3].

Discussion
Graphene and TMDs are at the forefront of this research due to their 

high carrier mobility and ability to operate at frequencies much higher 
than silicon. This could lead to faster and more reliable communication 
devices, enhancing everything from smartphones to satellite communication 
systems. Nanomaterials are also making significant strides in the field of 
energy storage and conversion. Graphene's high surface area and excellent 
conductivity are being leveraged to create more efficient batteries and super 
capacitors. Similarly, TMDs are being explored for their catalytic properties 
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in energy conversion processes such as hydrogen production. These 
advancements could lead to more efficient renewable energy systems and 
longer-lasting batteries for electric vehicles. The sensitivity of nanomaterials 
to various environmental factors makes them ideal for sensing applications. 
Graphene-based sensors, for example, can detect single molecules of 
toxic gases, making them extremely useful for environmental monitoring. 
Additionally, nanomaterials are being researched for their potential in water 
purification and air filtration, contributing to environmental protection efforts. 
Nanomaterials are also poised to play a significant role in the development 
of quantum computing. Quantum dots made from TMDs and other materials 
exhibit unique quantum properties that are essential for creating quits, the 
basic units of quantum information. These advancements could lead to the 
development of quantum computers that are exponentially more powerful than 
today's classical computers [4,5].

Despite these challenges, the opportunities presented by nanomaterials 
in electronics are immense. Continued research and development, supported 
by both public and private sector investments, are driving the field forward. 
Collaborative efforts between academia, industry and government are 
essential to overcome the barriers and unlock the full potential of these 
materials. Graphene and other emerging nanomaterials represent a new 
frontier in electronics, with the potential to revolutionize a wide range 
of applications. From flexible electronics and transparent conductors to 
high-frequency transistors and quantum computing, these materials offer 
properties that far exceed those of traditional silicon-based technologies. 
The journey from research to practical applications is fraught with challenges, 
but the progress made so far is promising. As we continue to explore and 
understand these materials, the future of electronics looks incredibly bright. 
The integration of nanomaterials into electronic devices promises to deliver 
faster, smaller, more efficient and versatile technologies that will transform 
how we live, work and interact with the world. The era of nanomaterials in 
electronics is just beginning and its potential is limited only by our imagination 
and ingenuity [6].

Conclusion
Graphene and other emerging nanomaterials hold the promise of 

transforming the electronics industry by offering superior properties compared 
to traditional silicon-based materials. From graphene's exceptional conductivity 
and flexibility to the tuneable electronic properties of TMDs, BN and BP, 
these materials are set to enable a new generation of electronic devices. 
Overcoming the current challenges in scalability, integration and stability will 
be key to unlocking their full potential. As research and development continue 
to advance, the future of nanomaterials in electronics looks incredibly bright, 
heralding an era of faster, smaller and more efficient electronic devices.
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