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Abstract
Low-dimensional carbon-based nanostructures have attracted significant attention in recent
years due to their exceptional structural, electrical, and optical properties. This study focuses
on the development and characterisation of carbon nanostructures such as graphene, carbon
nanotubes, graphene quantum dots, and carbon nanofibres through the analysis of previously
reported experimental research. The investigation examines how synthesis techniques and
structural parameters influence the morphology, crystallinity, and functional behaviour of
these nanomaterials. The analysed findings indicate that reduced dimensionality plays a
critical role in determining the electrical conductivity, electron mobility, and optical
responses of carbon-based nanostructures. Two-dimensional graphene exhibits extremely
high electrical conductivity, while one-dimensional carbon nanotubes demonstrate efficient
charge transport along their cylindrical structures. Graphene quantum dots show strong
photoluminescence behaviour due to quantum confinement effects. The study highlights that
advanced characterisation techniques such as electron microscopy and Raman spectroscopy
are essential for understanding the structural and functional properties of these materials. The
findings demonstrate that low-dimensional carbon nanostructures possess significant
potential for applications in nanoelectronics, sensing technologies, energy storage systems,
and optoelectronic devices.
Keywords: Carbon nanostructures, graphene, carbon nanotubes, graphene quantum dots,
low-dimensional materials, nanotechnology
Introduction
Low-dimensional carbon-based nanostructures have emerged as one of the most significant
research areas in nanoscience and nanotechnology due to their exceptional physical,
electrical, and mechanical properties. Carbon is a versatile element capable of forming a wide
variety of structures because of its ability to establish strong covalent bonds in different
hybridisation states such as sp, sp?, and sp®. When carbon atoms are arranged at the
nanoscale, they can form unique low-dimensional structures including graphene, carbon
nanotubes, carbon nanofibres, and graphene quantum dots. These nanostructures exhibit
remarkable characteristics such as high electrical conductivity, large surface area, excellent
thermal stability, and outstanding mechanical strength. The development of these materials
has attracted considerable attention in recent years because they provide new opportunities
for designing advanced materials used in electronics, energy storage systems, sensors, and
biomedical applications. Understanding the synthesis and structural properties of low-
dimensional carbon nanostructures is therefore essential for exploring their potential in
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modern technological systems (Geim & Grigorieva, 2017; Novoselov et al., 2016; Ajayan,

Kim, & Banerjee, 2016).
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The unique properties of low-dimensional carbon nanostructures arise primarily from their
reduced dimensionality and the presence of highly conjugated carbon networks. Graphene,
which consists of a single layer of carbon atoms arranged in a hexagonal lattice, is widely
recognised as one of the most important two-dimensional nanomaterials. It demonstrates
extraordinary electrical conductivity, high electron mobility, and exceptional mechanical
strength, making it highly suitable for nanoelectronic and optoelectronic applications.
Similarly, carbon nanotubes represent one-dimensional nanostructures formed by rolling
graphene sheets into cylindrical shapes. These nanotubes exhibit remarkable electrical
properties, including ballistic electron transport and high current-carrying capacity. Carbon
nanofibres and graphene quantum dots also display unique structural and optical
characteristics due to quantum confinement effects and edge-related electronic states. These
materials have therefore attracted significant interest for use in applications such as field-
effect transistors, supercapacitors, energy storage devices, and advanced sensors. The
investigation of these nanostructures has significantly contributed to the development of new
materials capable of operating efficiently at extremely small dimensions (Dresselhaus,
Dresselhaus, & Saito, 2015; Ferrari et al., 2015; Tiwari et al., 2018).
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In addition to their exceptional electrical properties, low-dimensional carbon nanostructures
also demonstrate remarkable optical and chemical characteristics that further enhance their
technological importance. Their high surface area and tunable electronic structure allow them
to interact efficiently with light and chemical species, enabling applications in photonics,
sensing, and catalysis. Graphene quantum dots, for instance, exhibit strong
photoluminescence due to quantum confinement and edge effects, making them promising
candidates for optical sensors and bioimaging technologies. Carbon nanotubes have also been
widely studied for their ability to function as highly sensitive chemical and biological sensors
because even small changes in their surrounding environment can significantly alter their
electrical properties. The development and characterisation of these nanostructures require
advanced synthesis techniques and analytical methods such as electron microscopy,
spectroscopy, and electrical measurement techniques to fully understand their structural and
functional behaviour. Consequently, the systematic investigation of low-dimensional carbon-
based nanostructures plays a critical role in advancing nanotechnology and enabling the
development of innovative materials for next-generation electronic, energy, and sensing
applications (Sun et al., 2016; Zhu et al., 2017; Zhang et al., 2020).

Background to the Study

The rapid advancement of nanotechnology has led to increased interest in materials that
exhibit unique properties at extremely small dimensions. Among these materials, low-
dimensional carbon-based nanostructures have attracted considerable attention due to their
remarkable electrical, mechanical, and chemical characteristics. Carbon is capable of forming
a variety of allotropes depending on the bonding configuration of its atoms, and when
arranged at the nanoscale it produces structures with dimensions confined to one or two
spatial directions. These low-dimensional materials include graphene, carbon nanotubes,
carbon nanofibres, and graphene quantum dots, each possessing distinctive structural and
functional properties. The discovery of graphene and the subsequent development of other
carbon nanostructures have significantly expanded the field of nanoscience, providing new
opportunities for designing materials with enhanced performance in electronic and energy-
related technologies. Researchers have increasingly focused on understanding how nanoscale
structural features influence the physical behaviour of carbon nanostructures, particularly
their electrical conductivity, mechanical strength, and optical responses. The development
and characterisation of these materials have therefore become essential for exploring their
potential applications in modern technological systems (Geim & Grigorieva, 2017;
Novoselov et al., 2016; Ferrari et al., 2015).
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One of the key factors that distinguishes low-dimensional carbon nanostructures from
conventional materials is their reduced dimensionality, which significantly alters their
electronic and physical properties. In two-dimensional materials such as graphene, electrons
can move freely within the plane of the material while remaining confined in the
perpendicular direction, resulting in exceptional electron mobility and conductivity.
Similarly, one-dimensional carbon nanotubes allow charge carriers to move along the length
of the nanotube with minimal scattering, producing highly efficient electrical transport. These
properties have made carbon nanostructures particularly attractive for nanoelectronic
applications, including field-effect transistors, conductive films, and high-performance
sensors. Furthermore, the high surface area of these materials enhances their interaction with
surrounding chemical species, enabling their use in sensing technologies and catalytic
processes. Understanding the structural characteristics and electronic behaviour of low-
dimensional carbon nanostructures is therefore crucial for optimising their performance in
advanced technological applications (Dresselhaus, Dresselhaus, & Saito, 2015; Ajayan, Kim,
& Banerjee, 2016; Zhang et al., 2020).

In addition to their electrical properties, low-dimensional carbon nanostructures also exhibit
distinctive optical and chemical characteristics that broaden their potential applications.
Graphene quantum dots, for example, demonstrate strong photoluminescence and tunable
optical properties due to quantum confinement and edge effects within the nanoscale
structure. These optical characteristics have enabled their use in biomedical imaging, optical
sensors, and light-emitting devices. Carbon nanotubes also possess unique absorption and
emission properties that make them suitable for photonic and optoelectronic systems. The
characterisation of these materials requires advanced analytical techniques such as scanning
electron microscopy, transmission electron microscopy, Raman spectroscopy, and electrical
measurement methods to understand their structural and functional behaviour. As research in
nanotechnology continues to progress, the development and detailed characterisation of low-
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dimensional carbon-based nanostructures remain critical for unlocking their full potential in
electronics, energy storage, environmental monitoring, and other emerging technological
fields (Sun et al., 2016; Zhu et al., 2017; Tiwari et al., 2018).
Scope of the research
The scope of this research focuses on the development and characterisation of low-
dimensional carbon-based nanostructures and their structural, electrical, and optical
properties that make them suitable for advanced technological applications. Low-dimensional
carbon nanostructures such as graphene, carbon nanotubes, graphene quantum dots, and
carbon nanofibres possess distinctive properties due to their nanoscale dimensions and highly
conjugated carbon frameworks. These materials exhibit exceptional electrical conductivity,
high surface area, and strong mechanical stability, which make them highly relevant for
applications in nanoelectronics, sensing technologies, and energy storage systems. The
research aims to examine the processes involved in the development and synthesis of these
nanostructures as well as the factors that influence their physical and functional properties.
Particular emphasis is placed on understanding how nanoscale structural parameters such as
particle size, dimensionality, crystallinity, and defect structures affect the behaviour and
performance of carbon-based nanomaterials (Geim & Grigorieva, 2017; Novoselov et al.,
2016; Ajayan, Kim, & Banerjee, 2016).
Zero Dimensional One Dimensional Two Dimensional
(0D) (1D) (2D)

Carbon Dots SWCNT Graphene

Fullerene (C60) MWCNT rGO
Another important aspect of the research scope involves the characterisation of low-
dimensional carbon nanostructures using modern analytical techniques that provide detailed
information about their structural and electronic properties. Characterisation plays a crucial
role in understanding how the synthesis process influences the morphology, crystallographic
structure, and electronic behaviour of the materials. Techniques such as scanning electron
microscopy, transmission electron microscopy, Raman spectroscopy, X-ray diffraction, and
electrical measurement methods are commonly employed to analyse the structural and
functional properties of carbon nanostructures. Through these techniques, researchers are able
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to evaluate parameters such as lattice structure, defect density, surface morphology, and
electrical conductivity. The scope of this research therefore includes the analysis of
characterisation methods used to determine the structural quality and functional behaviour of
low-dimensional carbon-based materials, which is essential for ensuring their effective
integration into electronic and optoelectronic systems (Ferrari et al., 2015; Sun et al., 2016;
Zhang et al., 2020).

The research also extends to exploring the potential technological applications of low-
dimensional carbon-based nanostructures in modern scientific and engineering fields. Due to
their exceptional electrical and mechanical properties, these materials have been widely
investigated for applications in nanoscale electronic devices, conductive coatings, energy
storage systems such as supercapacitors and batteries, and advanced sensing technologies.
Graphene and carbon nanotubes have been particularly prominent in the development of
flexible electronic devices and high-performance transistors because of their high carrier
mobility and structural stability. Graphene quantum dots have also shown promising optical
properties that enable their use in bioimaging, photodetection, and optical sensing
applications. By examining the development processes, structural characteristics, and
functional behaviour of these materials, the research aims to contribute to a better
understanding of how low-dimensional carbon-based nanostructures can be optimised for
emerging technological applications in electronics, energy systems, and nanotechnology-
driven innovations (Dresselhaus, Dresselhaus, & Saito, 2015; Tiwari et al., 2018; Zhu et al.,
2017).

Literature review

Meunier et al. (2016) provided an extensive discussion on the physical properties of low-
dimensional carbon nanostructures and emphasised that materials such as graphene, graphene
nanoribbons, and carbon nanotubes exhibit extraordinary electrical and mechanical behaviour
due to their unique atomic configurations. Their work highlighted that the hexagonal lattice
structure of carbon atoms allows strong covalent bonding and high electron mobility, which
contributes to exceptional electrical conductivity and mechanical strength. These
characteristics make low-dimensional carbon materials highly suitable for nanoelectronic
applications, energy storage systems, and advanced sensing technologies. The authors also
explained that the dimensionality of carbon nanostructures strongly influences their electronic
band structures, which in turn affects their optical and electrical behaviour.

Slepickova Kasalkova et al. (2021) examined the structural features of carbon nanotubes and
other carbon nanolayers and explained that carbon nanotubes can be considered as graphene
sheets rolled into cylindrical structures. Depending on the number of graphene layers present,
nanotubes are classified into single-walled and multi-walled nanotubes, each possessing
distinct electronic and mechanical properties. These structures demonstrate high aspect ratios,
excellent electrical conductivity, and strong thermal stability, which make them valuable for
applications in electronic devices, composite materials, and energy storage systems. The
study also emphasised that the electrical behaviour of carbon nanotubes can vary depending

on their chirality and diameter, leading to either metallic or semiconducting characteristics.
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Anzar et al. (2020) reviewed the synthesis techniques and functional properties of carbon
nanotubes and highlighted that several fabrication methods such as chemical vapour
deposition, electric arc discharge, and laser ablation are commonly used to produce these
nanostructures. Their research indicated that carbon nanotubes possess exceptional thermal
conductivity, high elasticity, and chemical stability, which contribute to their wide
application in nanotechnology and electronics. The authors also reported that these
nanostructures demonstrate remarkable electron transport properties and high current
carrying capacity, enabling their integration into nanoscale electronic circuits and advanced
composite materials.

Farmand et al. (2022) discussed the classification and characteristics of various carbon
nanostructures based on dimensionality, including zero-dimensional, one-dimensional, and
two-dimensional forms. Their review indicated that zero-dimensional carbon nanomaterials
such as carbon dots and fullerenes possess nanoscale dimensions in all directions, whereas
one-dimensional nanomaterials like carbon nanotubes have nanoscale diameters but extended
lengths. Two-dimensional structures such as graphene exhibit atomic thickness but large
planar dimensions. These dimensional variations significantly influence the physical and
electronic behaviour of the materials and determine their potential technological applications.
Wang (2018) analysed the role of carbon nanostructures in electromagnetic and electronic
applications and reported that these materials possess high electrical conductivity and strong
electromagnetic interaction capabilities. The study emphasised that carbon nanostructures
such as graphene and carbon nanotubes have been widely investigated for electromagnetic
shielding, energy storage devices, and conductive nanocomposites. The high surface area and
electrical conductivity of these materials enable improved charge transport and energy
storage performance, which is essential for developing advanced electronic systems and
nanocomposite materials.

Azam et al. (2021) reviewed the development of carbon quantum dots and highlighted their
distinctive optical properties such as strong fluorescence, high photostability, and low
toxicity. These nanostructures exhibit unique electronic states due to quantum confinement
and surface functional groups, which significantly influence their photoluminescence
behaviour. The authors noted that carbon quantum dots have gained considerable attention in
recent years for applications in bioimaging, sensing technologies, and optoelectronic devices
because of their stable optical performance and compatibility with biological systems.

Cui et al. (2024) discussed recent advancements in graphene quantum dots and explained that
these nanostructures combine the exceptional properties of graphene with quantum
confinement effects that arise at extremely small dimensions. The study reported that
graphene quantum dots exhibit strong fluorescence behaviour, high water solubility, and low
toxicity compared with traditional semiconductor quantum dots. These properties have made
them promising candidates for applications in sensors, optical devices, and biomedical
technologies. The authors also highlighted that the optical and electronic properties of
graphene quantum dots can be tuned by controlling their size, surface chemistry, and

synthesis methods.
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Jan et al. (2025) examined functionalised graphene quantum dots and emphasised that surface
modification plays a critical role in improving the electronic and optical behaviour of these
nanostructures. Their research indicated that chemical functionalisation techniques allow
researchers to tailor the surface states and energy levels of graphene quantum dots, thereby
enhancing their performance in optoelectronic devices and sensing systems. The authors also
reported that functionalised graphene quantum dots demonstrate improved photoelectronic
properties due to quantum confinement and edge effects within the carbon lattice.

Ikram (2020) described the atomic structure and functional characteristics of carbon
nanotubes and emphasised that these materials consist of rolled graphene sheets forming
cylindrical nanostructures. Their unique atomic configuration provides high tensile strength,
excellent electrical conductivity, and remarkable chemical stability. These properties have
enabled carbon nanotubes to be widely used in electronic devices, nanocomposites, and
energy storage systems. The study also highlighted that carbon nanotubes possess high aspect
ratios and large surface areas, which significantly enhance their interaction with surrounding
materials and improve their functional performance in nanotechnology applications.

Kausar (2024) analysed the fabrication and functional applications of graphene quantum dots
and reported that their high surface area and tunable electronic structure enable them to
interact efficiently with chemical species and environmental pollutants. These properties have
enabled graphene quantum dots to be used in environmental monitoring, sensing
technologies, and catalytic systems. The study further emphasised that the ability to control
the structural characteristics of graphene quantum dots plays a critical role in determining
their performance in electronic and photonic applications.

Methodology

This research adopts a secondary research methodology to investigate the development and
characterisation of low-dimensional carbon-based nanostructures. The study is based on the
systematic analysis of previously published experimental and theoretical studies available in
peer-reviewed scientific journals, conference proceedings, and scholarly publications.
Relevant literature was collected from recognised academic databases including Google
Scholar, ScienceDirect, Springer, and IEEE Xplore. Only studies published from 2015
onwards were considered in order to ensure that the analysis reflects recent developments in
nanoscience and nanotechnology. The selected studies primarily focused on the synthesis,
structural characterisation, and functional evaluation of carbon-based nanostructures such as
graphene, carbon nanotubes, graphene quantum dots, and carbon nanofibres.

The collected literature was carefully reviewed to identify research findings related to the
development techniques and characterisation methods used for analysing low-dimensional
carbon nanostructures. Particular attention was given to studies that investigated synthesis
methods such as chemical vapour deposition, arc discharge, and solution-based approaches,
as well as characterisation techniques including scanning electron microscopy, transmission
electron microscopy, Raman spectroscopy, and X-ray diffraction. Data reported in the
selected studies were comparatively analysed to understand the relationship between

synthesis parameters, structural properties, and functional behaviour of carbon
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nanostructures. Through this systematic evaluation of secondary experimental findings, the
methodology provides a comprehensive understanding of how low-dimensional carbon-based
nanostructures are developed, characterised, and optimised for applications in modern
electronic, sensing, and energy-related technologies.

Results and Discussion

The analysed experimental findings from previously reported studies indicate that the
development of low-dimensional carbon-based nanostructures significantly influences their
structural, electrical, and optical characteristics. Secondary experimental data show that
synthesis techniques such as chemical vapour deposition, arc discharge, and solution-based
methods produce carbon nanostructures with different morphologies and structural properties.
These variations in synthesis conditions affect parameters such as particle size, layer
thickness, and defect density, which directly influence the electrical conductivity and
mechanical stability of the materials. For example, graphene produced through chemical
vapour deposition often demonstrates high structural uniformity and excellent electrical
conductivity, while solution-based synthesis methods commonly produce graphene quantum
dots with strong optical emission characteristics. These observations highlight that the
development process plays a crucial role in determining the final functional behaviour of
low-dimensional carbon nanostructures.

Secondary experimental observations also reveal that dimensionality strongly affects the
physical behaviour of carbon nanostructures. Two-dimensional materials such as graphene
demonstrate extremely high electron mobility due to the presence of delocalised electrons
moving within the planar carbon lattice. One-dimensional carbon nanotubes exhibit efficient
charge transport along the nanotube axis, which contributes to their exceptional electrical
conductivity. Zero-dimensional carbon nanostructures such as graphene quantum dots
demonstrate strong photoluminescence behaviour due to quantum confinement effects and
surface state interactions. These differences in electrical and optical characteristics make each
type of carbon nanostructure suitable for specific technological applications such as
nanoelectronics, sensing systems, and photonic devices.
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clusters, quantum dots, nanobars, nanowires, nanofilms, nanolayers, Graphite, polycrystals,
atomic aggregates, metal carbon nanotubes, graphene, graphene oxide diamond, graphite oxide,
nanoparticles, graphene nanoribbons two layered graphene MOF, pilared graphene,
quantum dots, fulerenes aerogels, .
Dimensionsin xyz Dimensions in xy Dimension in one Dimensionsin xyz
are < 100 nm. are < 100 nm. direction, is < 100 nm. are > 100 nm.

Table 1: Structural Characteristics of Selected Low-Dimensional Carbon Nanostructures

Carbon Dimensionality | Typical Size Range | Key Structural Feature

Nanostructure

Graphene Two- Single atomic layer | Hexagonal carbon lattice
dimensional thickness

Carbon Nanotubes One- Diameter 1-50 nm Cylindrical graphene
dimensional structure

Graphene Quantum | Zero- 2-20 nm Discrete nanoscale carbon

Dots dimensional domains

Carbon Nanofibres One- Diameter 50200 nm | Layered graphitic
dimensional structure

The structural characteristics presented in Table 1 illustrate how dimensional variation
influences the physical behaviour of carbon nanostructures. Graphene consists of a single
atomic layer of carbon atoms arranged in a hexagonal lattice, which provides exceptional
mechanical strength and electrical conductivity. Carbon nanotubes are formed by rolling
graphene sheets into cylindrical structures, allowing efficient electron transport along the tube
axis. Graphene quantum dots represent extremely small carbon nanostructures in which
quantum confinement effects dominate their optical and electronic behaviour. Carbon
nanofibres possess a layered graphitic structure that provides mechanical stability and
moderate electrical conductivity.

In addition to structural characteristics, experimental results also demonstrate that low-
dimensional carbon nanostructures possess remarkable electrical and optical properties that
depend strongly on their morphology and structural quality. Graphene exhibits exceptionally
high electrical conductivity due to its delocalised electron system and minimal scattering
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within the carbon lattice. Carbon nanotubes also demonstrate excellent electrical transport
properties and high current-carrying capacity, which enable their use in nanoscale electronic
circuits and conductive composite materials. Graphene quantum dots display strong
fluorescence behaviour and tunable optical emission, which makes them highly suitable for
optical sensing and imaging applications. These optical properties arise primarily from
quantum confinement effects and surface defect states that influence electron—hole
recombination processes.

Table 2: Electrical and Optical Properties of Selected Low-Dimensional Carbon
Nanostructures

Carbon Dominant Property Observed Behaviour Application

Nanostructure Area

Graphene Electrical conductivity Extremely high electron | Nanoelectronics
mobility

Carbon Nanotubes | Electrical transport High current carrying | Electronic
capacity circuits

Graphene Photoluminescence Strong fluorescence | Optical sensors

Quantum Dots emission

Carbon Nanofibres | Electrical and | Moderate conductivity | Composite

mechanical stability with high strength materials

The results presented in Table 2 demonstrate that each type of carbon nanostructure exhibits
distinctive functional behaviour that can be utilised in different technological fields.
Graphene’s high electrical conductivity makes it suitable for high-speed electronic devices
and conductive coatings. Carbon nanotubes enable efficient charge transport and are widely
used in nanoelectronic circuits and energy storage systems. Graphene quantum dots provide
strong optical emission properties that support their application in optical sensors, photonic
devices, and biomedical imaging technologies. Carbon nanofibres contribute to composite
materials by improving mechanical strength and electrical performance.

The analysed experimental results indicate that the development and characterisation of low-
dimensional carbon nanostructures play a critical role in determining their functional
performance. Variations in synthesis methods, structural morphology, and dimensionality
significantly influence the electrical conductivity, optical behaviour, and mechanical
properties of these materials. The ability to control these parameters through advanced
nanomaterial engineering enables the design of highly efficient materials for modern
electronic, sensing, and energy-related technologies.

Conclusion

The development and characterisation of low-dimensional carbon-based nanostructures
represent a significant advancement in the field of nanotechnology and materials science. The
analysis of experimental findings indicates that carbon nanostructures such as graphene,
carbon nanotubes, graphene quantum dots, and carbon nanofibres exhibit remarkable
structural, electrical, and optical properties due to their reduced dimensionality and highly
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conjugated carbon networks. These materials demonstrate exceptional electrical conductivity,
high surface area, mechanical strength, and chemical stability, which make them highly
suitable for a wide range of technological applications. The study highlights that the synthesis
methods used to develop these nanostructures play a crucial role in determining their
morphology, defect density, and crystallographic structure, which directly influence their
functional performance.
The results discussed in this research also demonstrate that the dimensional nature of carbon
nanostructures strongly affects their electronic and optical behaviour. Two-dimensional
graphene exhibits extremely high electron mobility and electrical conductivity because of the
delocalised electrons within its hexagonal lattice. One-dimensional carbon nanotubes enable
efficient charge transport along the nanotube axis, resulting in high current carrying capacity
and excellent electronic performance. Zero-dimensional carbon nanostructures such as
graphene quantum dots demonstrate unique photoluminescence properties due to quantum
confinement effects and surface states that influence electron—hole recombination. These
distinctive characteristics allow low-dimensional carbon nanostructures to be utilised in
applications including nanoelectronics, optoelectronic devices, sensing technologies, and
energy storage systems.
Furthermore, the characterisation of these nanostructures using advanced analytical
techniques has provided valuable insights into their structural and functional behaviour.
Techniques such as electron microscopy, Raman spectroscopy, and X-ray diffraction enable
researchers to analyse the morphology, crystallinity, and electronic properties of carbon
nanostructures in detail. Understanding these characteristics is essential for optimising the
performance of nanomaterials and ensuring their effective integration into advanced
technological systems.
The study demonstrates that low-dimensional carbon-based nanostructures offer considerable
potential for the development of next-generation materials used in modern electronic and
energy technologies. By controlling synthesis conditions, structural parameters, and surface
properties, researchers can tailor these nanostructures to achieve improved electrical
conductivity, enhanced optical performance, and greater structural stability. Continued
research in this field is expected to further expand the applications of carbon-based
nanomaterials and contribute to the advancement of nanotechnology-driven innovations.
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