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CARBON-BASED NANOMATERIAL: PROPERTIES 

AND APPLICATIONS 
 

Abstract 
 

One of the key pillars of nanotechnology 

is the study of materials wherein nanoscale 

properties enable the creation of new technologies 

in a broad spectrum of fields. The nanoparticles 

that are composed of carbon are known as carbon 

based NPs. These NPs come in a variety of 

morphologies, including tube-shaped, horn-

shaped, spherical, and ellipsoidal. Fullerenes, 

carbon nanotubes (CNTs), graphene, nano fibers, 

carbon black, and carbon-based quantum dots are 

the major families of carbon-based NPs. These 

carbon containing materials have induced in a 

variety of fields and sparked great interest, 

including biological applications, energy storage 

and many other fields. Because of dimensions, 

their unusual physics and structural remarkable 

mechanical, electrical, thermal, optical, and 

chemical characteristics, they have piqued the 

interest of scientific researchers in an effort to 

enhance their properties through novel synthesis 

processes, assure macroscopic production, and 

discover fresh uses. “This book chapter” focuses 

on a thorough explanation of the different carbon 

allotropes (fullerenes, carbon nanotubes, and 

graphene) along with properties keeping main 

focus on application of CBN in various fields. 
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I. INTRODUCTION 

 

Carbon, which has six electrons, is made up of four exterior shell electron orbitals 

(2s, 2px 2py, and 2p) and may therefore hybridize into sp
1
, sp

2
, and sp

3
 due to owing these 

configuration Carbon is one of the universe's most plentiful and adaptable elements. It has an 

unusual ability to form bonds with almost every element, this property is called catenation. 

Carbon occurs in a variety of allotropic forms. Common allotropes of carbon include 

diamond, graphite, and buckminsterfullerene. Carbon has two allotropes diamond and 

graphite which found naturally. With a bond length of 1.56, diamond displays sp
3
 

hybridization. In contrast, graphite has sp
2
 hybridization with a hexagonal (honeycomb) 

lattice, a bond length of 1.42, and an inter-layer C-C spacing of 3.35 [1]New allotropes of 

carbon are categorized on the bases dimensions: zero-dimensional (0-D) in which all the 

dimensions are measured in nanoscale i.e. fullerenes, one dimensional (1-D) in which one 

dimension is measured outside while rest two dimensions are measured inside nanoscale  i.e. 

carbon nanotubes (CNTs), and two dimensional (2-D) in which two 

dimensionare measured on the exterior, whereas graphene nanomaterials (NMs) are measure

d inside.  

 

Graphene is a crucial structural ingredient for other carbon allotropes. As an example, 

CNTs are formed when graphene is rolled up, whereas fullerenes are formed when graphene 

is coiled up.  

 

Fullerenes (C60), also known as molecular carbon, are an irregular thick sheet of grap

hite that curled up to create a sphere made up of multiple carbon molecules connected in an ir

regular manner. Carbon nanotubes (CNTs) are flawless cylindrical tubes with a diameter 

range of 1-100nm and are categorized generally into two groups: Single-walled CNTs 

(SWCNTs) and multi-walled CNTs (MWCNTs) [2,3].Carbon nanostructures are among the 

most promising in nanotechnology because of their versatility. They may be employed in a 

variety of sectors, including electronics, where the combination of a molecular-sized 

diameter (on the order of 1 nm) and a microscopic-scale length allows carbon nanostructures 

to be used in the production of novel devices due to their opto-electrical characteristics [4, 7]. 

Their vast surface area, strong electrical conductivity, and linear form make their surface 

very accessible to the electrolyte. Carbon-based nanomaterials also exhibit high anisotropic 

heat conductivity, allowing them to be employed in sophisticated computational devices 

where uncooled chips can reach temperatures of above 100°C [8].  

 

Because they are made of pure carbon, they have excellent stability, high 

conductivity, minimal toxicity, and are environmentally friendly. They have wide 

applications in biomedical field this is due to the fact that human body is majorly consist of 

carbon so it thought as a biocompatible material. Ideally, the enormous potential of these 

materials continues to draw scientific interest, and their deployment in new technologies is 

predicted to transform human existence. 
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 Figure 1: Various Carbon Based Nanoparticle 

 

1. Fullerenes: Osawa first predicted fullerene in 1970 [9] but it was experimentally 

discovered in 1985 by Kroto et al. [10] who in 1996 was awarded the Nobel prize in 

chemistry [11,12] . It is considered the third allotropic type of carbon after graphite and 

diamond [13, 14]. Fullerene has an icosahedral asymmetric closed-cage structure 

comprised of 20 hexagons and 12 pentagons, each of which is bonded to three other 

carbon atoms via sp
2
hybridization [15]. Fullerene is known as buckminsterfullerene 

because to its resemblance to a skyscraper formulated by American architect “Richard 

Buckminster Fuller”. It was created using the laser vapourization process, which 

indicated that it is a compound having 60 carbon atoms (C60) grouped in the form of a 

social ball with a diameter of 7. Fullerene is additionally referred to as buckyball due to 

its form. It is a carbon structure with no dimensions (0D) 

 

2. Properties of Fullerenes: These have even numbers of carbon atoms (fullerene 

discovered till today), having general formula C20+2H, where H represents total number 

of hexagonal faces[16].Fullerenes possessing "double bonds" in the 6:6 ring have two 

bond lengths that are greater than the 6:5 bonds in the icosahedral asymmetrical closed-

cage structure. The C is not regarded as aromatic due to reduced electron delocalization 

due to the absence of double bonds within its pentagonal rings. As a result of C60's 

behave as an electron-deficient alkene that is reactive with electron-donor species, 

fullerenes can undergo a variety of reactions such as reduction, oxidation, hydrogenation, 

halogenation, nucleophilic reactions, radical reactions, transition metal complex reaction, 

regioselective reaction, and so on [17]. Fullerenes C60 derivatives show level of solubility 

[18], the geodesic-shaped structure and electronic bonding contribute to its molecular 

stability. In general, an endless number of fullerenes can exist as long as their structure is 

an icosahedron with hexagonal and pentagonal rings. Fullerene can have larger 

structures, such as C70, C76, and C78, as well as smaller structures, such as C28 and C36, in 

addition to the C60 molecule. C60 and other fullerenes began to be synthesized in 

considerable numbers in the 1990s by the condensation of soot formed during graphite 

vaporization [19]. Fullerenes being stable at temperatures above 1,000°C, and because of 

their high temperature stability, fullerenes may be found in high-energy events like 

lightning, meteorites, and geological materials [13, 14].Fullerenes can be chemically 

changed to display a variety of advantageous features that are critical in their 

applications. Superconductivity may be achieved by incorporating an alkali metal into 

fullerene, for example. Four kinds are distinguished depending on how these changes are 

created, notably  
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 Alkali-doped: Fullerenes doped with alkali metal, resulting in the formation of high 

electronegativity which leads to the formation of compounds in which atoms have 

general tendency of donation g electron, e.g K3C60 and Rb3C60 having critical 

temperature(Tc) 8k and 28k respectively.[20] 

 

 Endohedral: These are formed by Yetterium, lanthanum and noble metals, when 
atom get trapped inside hollow fullerene results in the formation of metallofullerenes 

which is endohedral.[21] 

 

 Exohedral: these are formed when fullerene containing conjugated pi system of 
electrons reacts with other chemical groups, two chemical reaction expected to occur 

on the fullurene surface leading to formation of exohedral adduct[22]. 

 

 Heterofullerenes: When one or more than one carbon atoms in the cage are replaced 

with a compound that includes nitrogen or boron [23]. 

 

II. APPLICATIONS OF FULLERENE 

 

1. Antiviral Activity: Fullerene C60 and its derivatives have significant antiviral 

capabilities, and the Human Immunodeficiency Virus (HIV) may be monitored using 

antiviral drugs that are effective in both preventing and delaying the onset of AIDS. The 

anti-viral effectiveness of fullerene derivatives is based on a variety of biological 

features, including their unique chemical makeup and antioxidant activity. Wudl et al. 

proposed that because the C60 molecule has almost the same radius as the cylinder 

characterizing the HIV-P active site, there is a strong hydrophobic contact between the 

C60 derivative and the active site surface.C60's inhibitory action on HIV-P was validated 

by molecular modeling studies and experimental findings. 

 

2. Hydrogen Storage: The ability of C-C bonds to be hydrogenated and so produce C-H 

bonds is the key feature that distinguishes fullerenes as the best hydrogen storage system. 

It is worth noting that the C-H bonds have lower bond energies and are bound to break 

when heated, returning to their unique fullerene form. Carbon and boron fullerenes have 

been investigated as prospective hydrogen storage media using density functional theory 

(DFT) ab initio approximations [24-26].For instance, Yoon et al. [24] have conducted 

DFT studies in charged carbon fullerenes Cn ð20 ≤ n ≤ 82Þ systems. The molecular 
hydrogen binding strength was dramatically increased to 0.18-0.32 eV, which is 

theoretically acceptable for room temperature-ambient applications, with experiments 

revealing that the charged fullerene may reach up to 8.00 wt. % storage capacity. 

Similarly, covering C60 fullerene with mild alkaline-earth metals revealed that Ca and Sr 

will securely bind to the surface of the C60. The binding is important because it is 

connected to charge transfer routes involving empty Ca and Sr metal levels. Charge 

redistribution provides electric fields that function as excellent hydrogen attractors, and 

studies revealed that Ca32C60 had a higher hydrogen uptake ratio of more than 8:4 wt.% 

[25]. 

 

3. Fullerenes used in Drug delivery and Gene Therapy: Drug delivery is delivery of drug 

at specific site where as replacement of broken or defected gene with new copies is 

considered gene therapy. Fullerenes are a type of inorganic nanoparticle with a tiny size 
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(1 nm). Because metastasis is hampered by at least three membrane barriers: the cell 

membrane, the inner membrane, and the nuclear membrane, any material that reaches the 

nucleus of intact cells is a big concern. The core of fullerene is extremely hydrophobic, 

and the functional groups connected to it add to the molecule's behavioral complexity. 

Fullerenes become water-soluble by adding hydrophilic moieties and can transport 

medicines and DNA for cellular delivery. [27] 

 

4. Energy Material: The introduction of fullerene technology in energy-related materials 

and applications has considerably improved material properties and operations. They are 

employed in the following situations: 

 

 Capacitor: Hybrid NMs can give good materials, according to research [28].  The 

fullerene-graphene hybrid (C60/graphene) exhibits a capacitance of around 1:35 102 

F g-1 with a current density of 1.00Ag-1, which is high when compared to 101.88 F 

g-1 for pure graphene. Furthermore, during the 1:00 × 103 charge/discharge cycles, 

the composite had an astounding retention rate of 92.35% [29].There has also been 

mention of a whisker (FW)/ polyaniline emeraldine base (PANI-EB), combination to 

have a high specific capacitance of 8:13 × 102 Fg-1 at a current density of 1.00Ag-1. 

The composite had low electrical resistance, and for 1:50 × 103 cycles, a rendition of 

85.20% was observed, confirming the impact of fullerene C60 in capacitors [30]. 

 

 Lithium-ion Cathode and Anode: Fullerenes give comparative safety and a longer 
life cycle when utilized in lithium-ion batteries. According to research, using 

hydrogenated fullerenes as a high-performance anode improves reversible capacity 

but decreasing irreversible capacity [31].Fluorine encapsulated B12N12- Fullerene as 

an anode for a lithium-ion battery demonstrated a low electrochemical cell voltage, 

but on encapsulation with fluorine its electrochemical cell voltage increases from 

1.09V to 3.07V[32]. Fullerene can also be used as cathode due to their high electon 

affinity. DFT (Density Functional Theory) on electrochemical properties shows that 

when boron doped with fullerene the value of redox potential shifts from 2.46V to 

3.71[33]. 

 

 Super-Conductivity: Fullerene can be easily doped with alkali metals which results 
in the formation of highly electronegative compounds. At temperatures below 20-

40K, these alkali-doped fullerenes function as superconductors. Doping with cesium 

(CS), rubidium (Rb), and potassium (K), for example, led in superconductors with Tc 

of 33 K, 29 K, and 18 K, respectively [34, 35]. 

 

5. Antioxidant-Activity: The antioxidant property of fullerene is due to the fact that it has 

large double bond conjugation and a low lying LUMO, in which electrons can be 

transferred easily. Report shows incorporation of 34 methyl radical into a single C60 

fullerene molecule. Thus fullerene can reacts with many superoxide’s without being 

consumed and because of these reason fullerene are called most efficient scavengers of 

radicals[36].The capacity of fullerenes to constrain themselves inside the cell to 

mitochondria and other cell compartment locations where free radicals are produced 

during disease is the fundamental advantage of using them as a therapeutic antioxidant. 
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6. Carbon Nanotubes(CNTs): CNTs have a long history, dating back to 1952, when 

Radushkevich and Lukyanovich discovered and theoretically defined them [37] while 

Iijima attributed the current CNT finding. CNTs are versatile allotrope of carbon. These 

are 1D structure withsp
2
-hybridized carbon atoms having an interatomic distance of 

1.4A.These are hollow tubes having diameter in nano-range.The fundamental structural 

element (graphene) when rolled-up forms carbon nanotubes.CNTs are classified into two 

varieties based on the number of layers contained in the structure. 

 

 
 

Figure 2: Graphene Sheet Conversion to Single and Multi-Walled Carbon Nanotubes [38] 

 

Table 1: Comparision between types of carbon nanotubes[38] 

SWCNTs MWCNTs 

 It is Single-walled carbon 

nanotube 

 Formed by single layer of 
graphene 

 Expensive 

 Diameter range 0.4-2 nm 

 Due to single layer can be easily 

twisted 

 Less pure 

 Catalyst is needed for its 
synthesis 

 Thermal conductivity is 6000 

W/mK. 

 Used in sensors 

 Easy to characterize and analyze 

 It is Multi-walled carbon annotates 

 Formed by multilayer’s 

 Economical 

 Outer diameter: 2-100nm , Inner 
diameter: 

1-3nm. 

 Difficulty in twisting 

 High in purity 

 Synthesized without catalyst 

 Thermal conductivity is 

3000W/m.K 

 Utilized in the field of composite 
material 

 Difficult to characterize and 
analyze 
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III.  PROPERTIES OF CARBON NANOTUBES 

 

1. Electrical Properties: Iijima's helical structure hypothesis underpins CNTs' electrical 

properties. [39] Carbon nanotubes' semi-conductor or metallic potentials are affected by 

the diameter and helicity of graphene. CNTs are formed by rolling a graphene sheet in 

such a way that the corresponding lattice sections of the two hexagons coincide [40, 

41].The roll-up vector Ch= na1 + ma2= (n, m) may be used to adjust the diameter and 

helicity of SWCNTs, wherein n and m are integers and a1 and a2 represent graphene 

lattice vectors. [42].The two numbers (n and 0) represent the number of unit vectors 

along the grid's direction [43]. These two (n, 0) exponents predict the electronic 

structures of SWCNT, the chiral angle in the zigzag direction of the hexagonal 

honeycomb grating unit vector (a1, a2) is θ = 0, and the arm-chair tube corresponds to θ = 

30 [44].If (n, n), the nanotube is called "armchair," and when (n, 0), it is called a "zig-

zag" (arm-chair symbolizes conductor characteristics, while zig-zag indicates semi-

conductor features).Metal SWCNTs in rope form were calculated and found a resistance 

of 104 W cm at temperature 300 K. The calculated value is greater than the conductive 

carbon fiber currently available [45, 46].   

 

 
 

Figure 3: Schematic Diagram Showing Zigzag, Armchair and Chiral Carbon Nanotubes 

 

2. Thermal Properties: Temperature, phonon mean free path, and functionalization all 

influence the thermal conductivity of carbon nanotubes [47]. Due to presence of sp
2
 

hybridisated covalent bonds in CNTs, these show higher conductivity then diamond. 

SWCNTs were found with a thermal conductivity of 1800-6000W/m.K, whereas 

MWCNTs have a thermal conductivity of 3000W/m.K [48, 49]. The thermal conductivity 

of polymers may be easily changed by including CNTs into their matrix, and the kind of 

CNTs has a significant influence on this potential [50, 51, 52]. 

 

3. Mechanical Properties: Because of their strong covalent bonding (sp
2
), carbon 

nanotubes have a great mechanical strength. These change their shape when force is 

applied without damaging original structure and when force is removed they came back 

to their or33iginal position. Mechanical strength is governed by number and size of 

nanoparticles. Because of high strength these can be used as additive material and also as 

a reinforcer. 
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IV. APPLICATION OF CARBON NANOTUBES (CNTS): 

 

1. Agriculture Applications: In earlier times, various alternative approaches regarding 

increasing the crop production has been deployed such as chemical inputs, crop rotation 

,genetic modification, precesion farming ,urban farming etc .however these technology 

has several drawbacks, low success rate, time consuming process limited availability of a 

specific gene. Nanotechnology is a prospective contender for viable agriculture in order 

to overcome these difficulties. Because of their tiny size (less than 100nm), NMs are an 

excellent alternative for spearheading the agri-nanotech revolution because they can pass 

through biological barriers and infiltrate plant tissue, offering a new and efficient method 

for nutrition and pesticide delivery [53, 54]. 

 

 Plant Growth Regulators:  CNTs (because of small size) may penetrate the thick 

seed coat and initiate the water absorption mechanism, which may account for fast 

seed germination and early development [55, 56]. Root growth has been reported to 

increase in response to carbon nanotubes in onion, cucumber, and other plants [56]. 

Brassica juncea (mustard) seed germination rate, T50 (time for 50% germination), 

increased significantly in the presence of a low concentration of oxidized MWCNTs 

compared to the control. The amount of moisture of oxidized MWCNTs-treated seeds 

was much greater than that of untreated seeds, indicating that oxidized MWCNTs 

improved the seeds' capacity to absorb water and regenerate quickly. The elevated 

water content in oxidized MWCNTs-treated seeds was caused by the functionalized 

CNTs' facile penetration. It was shown that CNM concentrations of 50-100 mg/L are 

adequate to permeate the seeds and allow for rapid germination and development 

rates. [57, 58].The availability of functional groups, as well as size, shape, surface 

structure, solubility, and concentrations, all contribute significantly to the toxicity and 

disease induced by CNTs during seed germination [59, 60]. Carbon nano-materials 

(CNMs) such as MWCNTs, fullerenes, and carbon nano-horns have been found on a 

range of plants including tomato, rice, cucumber, onion, radish, corn, soybean, switch 

grass, and broccoli. 

 

 Bio-Sensors: A bio-sensor is a device that detects the reactions of particles in a 
solution comprising analyses to be investigated with a specific chemical. CNMs' high 

physicochemical potentials make them an attractive material for pathogen detection 

sensing applications [61, 62]. CNT-based biosensors have significant advantages over 

commercially available sensors such as metal oxides, silicon, and others, including 

high sensitivity (large surface area ratio), remarkable luminous properties, quick 

reaction time, and high stability [63]. Biosensors based on carbon nanotubes detect 

soil humidity, toxic materials, and pesticide residue for pest identification. These 

biosensors operate on the idea of detecting the activities of beneficial and unfavorable 

bacteria based on differences in oxygen consumption in comparison to respiration. 

CNTs' 1D feature allows for ultrasensitive analyte detection since all atoms are 

surface atoms and even little environmental perturbations can modify the electrical 

and optical properties [64] SWCNTs were identified to be promising bio-sensing 

instruments on the basis of chirality-dependent fluorescence in the near-infrared 

region (NIR) [65-67].Chemical fictionalization of peptides, lipids, nucleic-acids, and 

proteins can affect the surface chemistry of SWCNTs [68, 69]. 
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 CNTS as Antimicrobial Agents against Pathogens: CNTs can serve as an option 

for pathogen control because they have high antibacterial properties and trigger the 

activation of the immune system. Plants have an antioxidant defense mechanism. The 

anti-bacterial property of CNTs is due to extrinsic parameters like its dispersion 

ability, culture medium, type of bacteria, dosage of CNT, means of action between 

bacteria and CNT [70-72]. CNT harms bacterial physically as well as chemically; 

causing damage to cell membrane, changes the shape of the cell which leads leakage 

of cytoplasm thus enzyme and electrolyte release causing death of cell of the micro-

organism. 

 

2. Energy and Environment Application: Much research has been done on CNTs because 

to their specifically high surface area. As an adsorbent, carbon nanotubes (CNTs) aid in 

the elimination of various pollutants such as Zn+2 and Pb+2. In this section, we shall 

look at some of its environmental and energy-related applications. 

 

 CNTs in Waste Water Treatment: Nanotechnology play crucial role in water 
purification. CNTs offer great   advantage to it due to its higher reactivity, high 

surface area, and strong adsorption making it suitable for treatment of waste water 

[73]. The key strategy to remove contamination is by adsorption or by 

degradation/detoxification. The efficiency of CNTs for contaminants can be improved 

by fictionalization of material. CNTs properties can further be modified in order to 

remove specific type of contamination like separation of nanoparticle can be 

facilitated by incorporation of magnetic component into CNTs [74]. Yang et al. 

improved the efficiency of electrochemical waste water treatment by a seepage 

carbon nanotubes electrode (SCNE).The reactor was built in such a way that 

contaminant migration via the porous carbon nanotube electrode considerably 

increased total mass transfer, resulting in a greater current efficiency (340-519) than a 

typical reactor (16.5-22.3). This so formed reactor also has application in waste water 

treatment. The CNTs-based electrode had 1.15 times the permeation flow of the 

electrode without CNTs [75].For wastewater treatment; electrochemically activated 

CNTs filters were created [76]. 

 

 Microbial fuel cells (MFCs): Microbial fuel cell (MFC) technology generates 
hydrogen or electrons from substances such as wastewater using a bacterial oxidizing 

process. Because of its superior and programmable physio-chemical potential, carbon 

nanotubes (CNTs) have received a lot of interest for cathodic applications. This is the 

fundamental idea of producing energy using an anode-cathode arrangement For better 

electrochemical performance several modification is required to done in CNTs [77-

79]. When CNT was doped with nitrogen (N-doped CNTs) it showed higher power 

density than the platinum as a catalyst for cathodic application. It has been noted that 

for better reaction process surface area along with durability of the material must be 

high. CNTs coating on anode showed higher voltage potential then untreated anode, 

which pen the path for anodic modification for improving its performance. Graphene-

oxide (GO)/CNTs and melamine sponge composite 3D structure. These findings give 

light on the development of active anode-cathode systems for MFC applications. 
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 Minimizing the Cost Of Fuel Cell: Because of the CNT's huge surface area, strong 

Pt support, and high platinum dispersion, it has a reduced particle size [80].As a 

result, it may diminish lowering the cost of manufacturing by minimizing the usage of 

platinum. 

 

3. Biomedical Application Of CNTS: There are numerous application of CNTs in 

biomedical field: 

 

 
 

Figure 4: Biological Applications of CNTs 

 

 Cancer Therapy: Cancer is a type of disease in which uncontrolled growth of body 
cell occur and spread to other body parts, suppressing their function. These cells 

become cancerous as a result of ionizing radiation exposure, numerous genetic 

changes, or consumption of carcinogenic chemicals[81]. Previously known methods 

such as radiotherapy, chemotherapy, immunotherapy, surgical intervention, which 

have many side effect related to them? Area, conjugation and encapsulation 

capabilities, target-specific action, improved drug Nanomaterial-based systems are 

thought to be a viable option for increasing the rate of success of cancer therapy. 

Nanoparticles when exposed to light become hot enough to destroy cancerous cells. 

CNT features include enormous surface loading capacity, and strong near-infrared 

(NIR) radiation absorption. Because of their absorbance, they can be used as a 

mediator in chemotherapy and photothermal treatment [82]. Fictionalization enhances 

biocompatibility, dispensability, solubility, and aids in minimizing CNT clumping. It 

also aids in fast growth and endocytosis. Smart pills are pharmaceutical releases that 

contain ingestible sensors that can be electronically managed and altered to regulate a 

medication dosage based on data collected throughout the body. Biotin and a spacer 

coupled to CNTs act as a tumor-recognition unit with high efficacy including 

cytotoxicity towards particular tumors and cancer cell types [83].All of these traits 

improve cancer therapy and diagnostics' effectiveness, rapidity, and selectivity [84]. 

 

 Tissue Engineering: It involves replacement of diseased or damaged tissue with 
substitute for restoring normal functioning of patient. In tissue engineering in order to 

maintain mechanical integrity, bio-chemical cell-specific environment and elasticity a 

3D scaffold is used. These scaffolds offer nutrients to the cell and aid in cell 
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proliferation .Extra-cellular matrix (ECM) is a 3D arrangement of macromolecules 

and additional necessary building blocks of life that mostly consists of collagen, 

glycoprotein, mineral, and enzyme for optimal cell mass expansion. The main 

function of ECM is cell adhesion, intercellular communication and in nourishment of 

cell. Generally ECM should be balanced otherwise it trigger the function of other 

cellular response around the cell, Which become quite challenging due to its 

composition and very complex architect. To overcome this CNTs-based scaffold 

having which also show similarity with ECM are widely used in tissue engineering 

[85].CNTS has good mechanical qualities as a 3D scaffold, with usually high tensile 

strength and elastic moduli, making them ideal for usage as a 3D scaffold [86]. 

Amiryaghoubi et al. combined CNTs and graphene oxide (GO) using natural and 

synthetic polymers that have the required qualities, making them excellent for use as 

multifunctional materials for bone and cartilage tissue engineering, controlling stem 

cell osteogenic and cartilaginous capabilities [87]. 

 

 Drug Delivery: Now a day’s CNTs are considered as most suitable for the delivery 

of drug, this is because CNTs are biodegradable and do not require surgical excision 

for its removal. CNTs due to its small size can easily penetrate into the cytoplasm, 

CNTs' features enable the introduction of many entities on the tubes at the same time, 

such as targeting molecules, medications, and so on. The electrical characteristics and 

processes of Efavirenz (EFV) interaction with CNTs were studied by Xu et al.using 

density functional theory (DFT). The EFV adsorption on CNTs, Because of the pi-pi 

interactions, is more favorable. The CNTs-EFV pair has strong non-covalent 

interactions [88] Small compounds, such as cancer chemotherapy medicines, can be 

deposited onto carbon nanotubes for cancer therapy by non-covalent as well as 

covalent functionalization, potentially paving the way for personalized drug delivery. 

 

V. CONCLUSION 

 

CBN generally include nanotubes, fullerene, graphene-oxide. Research has proved its 

potential applicability in a variety of industries, including electronics, agriculture, and 

medicine. The unique properties of CBN i.e its structure dimension, optoelectronic property, 

large surface to volume ratio tunable surface chemistry, are well suited for its applications. 

Moreover, the surface of carbon based nanomaterial can be functionalized further to modify 

their property in order to achieve certain specific applications. The property such as catalytic 

activity and capacitance are generally enhanced through modification of property of CBN. 

The study's goal is to give a detailed examination of these materials, which will be vital for 

the anticipated expansion of carbon-based nanomaterials and will be beneficial in a variety of 

applications. 

 

REFERENCES 

 
[1] M. Terrones, “Science and technology of the twenty-first century: synthesis, properties, and applications 

of carbon nanotubes,” Annual Review of Materials Research, vol. 33,pp. 419–501, 2003 

[2] R. Onyancha, K. Ukhurebor, U. Aigbe et al., “A systematic review on the detection and monitoring of 

toxic gases using carbon nanotube-based biosensors,” Sensing and Bio-Sensing Research, vol. 34, p. 

100463, 2021. 

[3] U. Aigbe and O. Osibote, “Carbon derived nanomaterials for the sorption of heavy metals from aqueous 

solution: a review,” Environmental Nanotechnology, Monitoring & Management, vol. 16, p. 100578, 

2021. 



Futuristic Trends in Chemical, Material Sciences & Nano Technology 

e-ISBN: 978-93-5747-974-5 

IIP Series, Volume 3, Book 9, Part 1, Chapter 1 

CARBON-BASED NANOMATERIAL: PROPERTIES AND APPLICATIONS 

 

Copyright © 2024 Authors                                                                                                                       Page | 12 

[4] K. Koziol, B.O. Boskovic, N. Yahya, Synthesis of carbon nanostructures by CVD method, Carbon and 

Oxide Nanostructures, Advanced Structured Materials,vol 5, pp, 24-48, 2010.  

[5] A.J. Page, F. Ding, S. Irle, K. Morokuma, Insights into carbon nanotube and graphene formation mech-

anisms from molecular simulations: a review, Rep. Prog. Phys. 78 (2015) 38.  

[6] Y. Li, J. Wu, N. Chopra, Nano-carbon-based hybrids and heterostructures: progress in growth and ap-

plication for lithium-ion batteries, J. Mater. Sci. 50, pp. 7843–7865, 2015. 

[7] E. Katz, I. Willner, Biomolecule-functionalized carbon nanotubes: applications in nanobioelectronics, 

ChemPhysChem 5, pp. 1085–1104, 2014. 

[8] Yan, Qi-Long, et al. "Highly energetic compositions based on functionalized carbonnanomaterials." 

Nanoscale 8.9 (2016): 4799-4851,2016 

[9] E. Osawa, “Superaromaticity,” Kagaku, vol. 25, pp. 854–863, 1970 

[10] H.W. Kroto, J.R. Heath, S.C. O’Brien, R.F. Curl, R.E. Smalley, C60 Buckminsterfullerene, Nature 318 

(14),pp. 162–163,1985. 

[11] Mostofizadeh, Y. Li, B. Song, and Y. Huang, “Synthesis,properties, and applications of low-dimensional 

carbonrelated 

[12] nanomaterials,” Journal of Nanomaterials, vol. 201, p. 24 2011. 

[13] NPIC, The, “http://Nobelprize.org/,”, 1996, 2022,  

http://nobelprize.org/nobel_prizes/chemistry/laureates/1996/ 

[14] Rocha, R.C. Filho, Os Fulerenos e sua espantosa geometria molecular [Fullerenes and their amazing 

molecular geometry], Química Nova na Escola vol 4, pp. 7–11, 1996. 

[15] B.C. Yadav, KumarF R., Structure, properties and applications of fullerenes, Int. J. Nanotechnol. Appl.vol 

2, pp. 15–24. 2008. 

[16] H.W. Kroto, J.R. Heath, S.C. O’Brien, R.F. Curl, R.E. Smalley, C60 Buckminsterfullerene, Nature vol. 

318 (14), pp.162–163, 1985 

[17] P. Shanbogh and N. Sundaram, “Fullerenes revisited,” Resonance, vol. 20, pp. 123–135, 2015. 

[18] Taylor R. Fullerene Chemistry: A Handbook for Chemists.London, U.K.: Imperial College Press; 1999. 

[19] E. Agudosi, E. Abdullah, A. Numan, N. Mubarak, M. Khalid, and N. Omar, “A review of the graphene 

synthesis routes and its applications in electrochemical energy storage,” Critical Reviews in Solid State 

and Materials Sciences, vol. pp. 339–377,2020. 

[20] C.W.K. Isaacson, J.A. Field, Quantitative analysis of fullerene nanomaterials in environmental systems: a 

critical review, Environ. Sci. Technol. Vol. 43, pp.6463–6474, 2009. 

[21] F. Sunqi, Z. Xing, W. En et al., “Superconductivity and structure of alkali-doped fullerenes: K3C60 and 

Rb3C60,” Solid State Communications, vol. 80, pp. 639–642, 1991. 

[22] M. Saunders, R. Cross, H. Jiménez-Vázquez, R. Shimshi, and A. Khong, “Noble gas atoms inside 

fullerenes,” Science, vol. 271, pp. 1693–1697, 1996. 

[23] G. Schick, A. Hirsch, H. Mauser, and T. Clark, “Opening and closure of the fullerene cage incis-bisimino 

adducts of C60: the influence of the addition pattern and the addend,” Chemistry–A European Journal, 

vol. 2, pp. 935–943, 1996. 

[24] Hirsch and B. Nuber, “Nitrogen heterofullerenes,”Accounts of Chemical Research, vol. 32, pp. 795–804, 

1999. 

[25] M. Yoon, S. Yang, E. Wang, and Z. Zhang, “Charged fullerenes as high-capacity hydrogen storage 

media,” Nano Letters, vol. 9, pp. 2578–2583, 2007. 

[26] M. Yoon, S. Yang, C. Hicke, E. Wang, D. Geohegan, and Z. Zhang, “Calcium as the superior coating 

metal in functionalization of carbon fullerenes for high-capacity hydrogen storage,” Physical Review 

Letters, vol. 100, p. 20, 2008. 

[27] H. Dong, T. Hou, S. Lee, and Y. Li, “New Ti-decorated B40 fullerene as a promising hydrogen storage 

material,” Scientific Reports, vol. 5, pp. 1–8, 2015. 

[28] Azzam T, Domb AJ. Current developments in gene transfection agents. Curr Drug Deliv vol. 11, pp. 

65‑ 93, 2004. 

[29] Y. Shen, J. Reparaz, M. Wagner et al., “Assembly of carbon nanotubes and alkylated fullerenes: 

nanocarbon hybrid towards photovoltaic applications,” Chemical Science, vol. 2, pp. 2243–2250, 2011. 

[30] J. Ma, Q. Guo, H. Gao, and X. Qin, “Synthesis of C60/graphene composite as electrode in 

supercapacitors,” Fullerenes, 

[31] Nanotubes, and Carbon Nanostructures, vol. 23, pp. 477–482, 2015. 

[32] H. Wang, X. Yan, and G. Piao, “A high-performance supercapacitor based on fullerene C60 whisker and 

polyaniline emeraldine base composite,” Electrochimica Acta, vol. 231, pp. 264–271, 2017. 

[33] R. Loutfy and S. Katagiri, “Fullerene materials for lithium-ion battery applications,” in In Perspectives of 

fullerene nanotechnology, vol. 1, pp. 357–367, 2002. 



Futuristic Trends in Chemical, Material Sciences & Nano Technology 

e-ISBN: 978-93-5747-974-5 

IIP Series, Volume 3, Book 9, Part 1, Chapter 1 

CARBON-BASED NANOMATERIAL: PROPERTIES AND APPLICATIONS 

 

Copyright © 2024 Authors                                                                                                                       Page | 13 

[34] J. Hosseini, A. Rastgou, and R. Moradi, “F-encapsulated B12N12 fullerene as an anode for Li-ion 

batteries: a theoretical study,” Journal of Molecular Liquids, vol. 225, pp. 913–918, 2017. 

[35] P. Sood, K. Kim, and S. Jang, “Electrochemical properties of boron-doped fullerene derivatives for 

lithium-ion battery applications,” ChemPhysChem, vol. 19, pp. 753–758, 2018. 

[36] K. Tanigaki, T. Ebbesen, S. Saito et al., “Superconductivity at 33K in CsxRbyC60,” Nature, vol. 352, pp. 

222-223, 1991. 

[37] Kortan, “Superconductivity at 18 K in potassium-doped C60,” Nature, vol. 350, pp. 600-601, 1991. 

[38] Krusic PJ, Wasserman E, Keizer PN, et al. Radical reactions of C60. Science vol. 254 pp.1183–1185, 

1991. 

[39] L. Radushkevich and V. Lukyanovich, “About the structure of carbon formed by thermal decomposition 

of carbon monoxide on iron substrate,” J. Phys. Chem, vol. 26, pp. 88–95, 1952. 

[40] He, H.; Pham-Huy, L.; Dramou, P.; Xiao, D.; Zuo, P.; Pham-Huy, C. Carbon Nanotubes: Applications in 

pharmacy and medicine. BioMed Res. Int, vol.2013, pp.1–12, 2013. 

[41] Cui, S.; Schar_, P.; Siegmund, C.; Schneider, D.; Risch, K.; Klötzer, S.; Spiess, S.; Romanus, H.; 

Schawohl, J.Investigation on preparation of multiwalled carbon nanotubes by DC arc discharge under N 2 

atmosphere. Carbon, vol. 42, pp. 931–939, 2004. 

[42] Arora, N.; Sharma, N. Arc discharge synthesis of carbon nanotubes: Comprehensive review. Diam. Relat. 

Mater, vol. 50pp. 135–150 

[43] Ma, L.; Hart, A.; Ozden, S.; Vajtai, R.; Ajayan, P. Spiers memorial lecture: Advances of carbon 

nanomaterials. Faraday Discuss, vol. 173 pp. 9–46, 2014. 

[44] Odom, T.W.; Huang, J.-L.; Kim, P.; Lieber, C.M. Structure and electronic properties of carbon nanotubes. 

J. Phys. Chem. B, vol, 104, 2794–2809, 2000. 

[45] Saifuddin, N.; Raziah, A.; Junizah, A. Carbon nanotubes: A review on structure and their interaction with 

proteins. J. Chem. Vol. 2013, pp. 1–18, 2013 

[46] Charlier, J.-C.; Issi, J.-P. Electronic structure and quantum transport in carbon nanotubes. Appl. Phys. A 

Mater. Sci. Process, vol. 67, pp. 79–87, 1998. 

[47] Thess, A.; Lee, R.; Nikolaev, P.; Dai, H. Crystalline ropes of metallic carbon nanotubes. Science, vol273, 

p. 483, 1996. 

[48] Kymakis, E.; Alexandou, I.; Amaratunga, G. Single-walled carbon nanotube-polymer composites: 

Electrical, optical and structural investigation. Synth. Met. Vol, 127, pp 59–62, 2002 

[49] Navarro-Pardo, F.; Martinez-Hernandez, A.L.; Velasco-Santos, C. Carbon nanotube and graphene based 

polyamide electrospun nanocomposites: A review. J. Nanomater, vol.2016, pp. 1–16, 2016. 

[50] Hone, J.; Whitney, M.; Piskoti, C.; Zettl, A. Thermal conductivity of single-walled carbon nanotubes. 

Physical Review Letter vol, 103, pp. 2498-2499, 2000. 

[51] Kim, P.; Shi, L.; Majumdar, A.; McEuen, P. Thermal transport measurements of individual multiwalled 

nanotubes. Physical Review Letter, vol. 87, pp.215502-04, 2001. 

[52] Yang, K.; Gu, M.; Guo, Y.; Pan, X.; Mu, G. E_ects of carbon nanotube functionalization on the 

mechanical and thermal properties of epoxy composites. Carbon, vol 47, pp.1723–1737, 2009. 

[53] Gulotty, R.; Castellino, M.; Jagdale, P.; Tagliaferro, A.; Balandin, A.A. Effects of functionalization on 

thermal properties of single-wall and multi-wall carbon nanotube-polymer nanocomposites. ACS Nano 

material, vol. 7, pp. 5114–5121, 2013 

[54] Jackson, E.M.; Laibinis, P.E.; Collins, W.E.; Ueda, A.; Wingard, C.D.; Penn, B. Development and thermal 

properties of carbon nanotube-polymer composites. Composites Part B Engineering,Vol. 89, pp. 362–373, 

2016 

[55] Dasgupta N, Ranjan S, Mundekkad D, Ramalingam C, Shanker R, Kumar A. Nanotechnology in agro-

food: from field to plate. Food Research International. vol.69, pp. 381–40, 2015. 

[56] Poddar K, Vijayan J, Ray S, Adak T. Nanotechnology for sustainable agriculture, Biotechnology for 

sustainable agriculture. Elsevier, vol. 1 pp. 281–303, 2018. 

[57] Khodakovskaya, M.; Dervishi, E.; Mahmood, M.; Xu, Y.; Li, Z.;Watanabe, F.; Biris, A.S. Carbon 

nanotubes are able to penetrate plant seed coat and dramatically affect seed germination and plant growth. 

ACS Nano material, vol. 3, pp. 3221–3227, 2009. 

[58] J. E. Cañas, M. Long, S. Nations, R. Vadan, L. Dai, M. Luo, R. Ambikapathi, E. H. Lee, D. 

Olszyk,Effects of functionalized and non-functionalized single walled nanotubes on root elongation of 

select crop species, Environment Toxicol. Chem, vol. 27: 1922-31, 2008. 

[59] Ratnikova, T.A.; Podila, R.; Rao, A.M.; Taylor, A.G. Tomato seed coat permeability to selected 

carbonnanomaterials and enhancement of germination and seedling growth, Science World Journal, vol.1 

2015, pp. 1–9. 



Futuristic Trends in Chemical, Material Sciences & Nano Technology 

e-ISBN: 978-93-5747-974-5 

IIP Series, Volume 3, Book 9, Part 1, Chapter 1 

CARBON-BASED NANOMATERIAL: PROPERTIES AND APPLICATIONS 

 

Copyright © 2024 Authors                                                                                                                       Page | 14 

[60] Lahiani, M.H.; Chen, J.; Irin, F.; Puretzky, A.A.; Green, M.J.; Khodakovskaya, M.V. Interaction of 

carbonnanohorns with plants: Uptake and biological effects. Carbon, vol. 81, pp.607–619, 2015. 

[61] Zaytseva, O.; Neumann, G. Carbon nanomaterials: Production, impact on plant development, 

agriculturaland environmental applications. Chem. Biol. Technol. Agric. vol. 3, pp. 1-17, 2016. 

[62] Deng, Y. Uptake and Accumulation of Engineered Nanomaterials by Agricultural Crops and Associated 

Risks in the Environment and Food Safety. Ph.D. Thesis, UMass Amherst, Amherst, MA, USA, 

September 2006. 

[63] Leonard, P.; Hearty, S.; Brennan, J.; Dunne, L.; Quinn, J.; Chakraborty, T.; O’Kennedy, R. Advances in 

biosensors for detection of pathogens in food and water. Enzym. Microb. Technol,vol. 32, pp. 3–13.2003. 

[64] Ivnitski, D.; Abdel-Hamid, I.; Atanasov, P.;Wilkins, E. Biosensors for detection of pathogenic bacteria. 

Biosens. Bioelectron.vol. 14, pp. 599–624, 1999. 

[65] Yang, N.; Chen, X.; Ren, T.; Zhang, P.; Yang, D. Carbon nanotube based biosensors. Sens. Actuators B 

Chem, vol. 207, pp. 690–715, 2015. 

[66] Kruss, S.; Hilmer, A.J.; Zhang, J.; Reuel, N.F.; Mu, B.; Strano, M.S. Carbon nanotubes as optical 

biomedical sensors. Adv. Drug Deliv. Rev. vol.65, pp.  1933–1950,2013. 

[67] Kruss S, Hilmer AJ, Zhang J, Reuel NF, Mu B, Strano MS. Carbon nanotubes as optical biomedical 

sensors. Adv Drug Deliv Rev. vol. 65 pp.1933–50, 2013 

[68] Hong G, Diao S, Antaris AL, Dai H. Carbon nanomaterials for biological imaging and nanomedicinal 

therapy. Chem Rev. vol. 115 pp. 10816–906, 2015. 

[69] MJ O, Connell S, Bachilo C, Huffman V, Moore M, Strano E, Haroz K, Rialon P, Boul W, Noon CK, Ma 

J, Hauge RH, et al. Band gap fluorescence from individual single-walled carbon nanotubes. Science, vol. 

297, 593-596, 2002 

[70] Zubkovs V, Schuergers N, Lambert B, Ahunbay E, Boghossian AA: Mediatorless, reversible optical 

nanosensor enabled through enzymatic pocket doping. Small, vol. 13 pp. 14641-14650, 2017. 

[71] Polo E, Nitka TT, Neubert E, Erpenbeck L, Vuković L, Kruss S. Control of integrin affinity by confining 

RGD peptides on fluorescent carbon nanotubes. ACS Appl Mater Interfaces, vol 10, pp. 17693–703,2018. 

[72] Kang S, Pinault M, Pfefferle LD, Elimelech M: Single-walled carbon nanotubes exhibit strong 

antimicrobial activity. Langmuir. Vol. 23 pp.8670–8673, 2007. 

[73] Arias LR, Yang L: Inactivation of bacterial pathogens by carbon nanotubes in suspensions. Langmuir, vol. 

25 pp. 3003–3012, 2009. 

[74] Liu S, Wei L, Hao L, Fang N, Chang MW, Xu R, Yang Y, Chen Y. Sharper and faster “nano darts” kill 

more bacteria: a study of antibacterial activity of individually dispersed pristine single-walled carbon 

nanotube. ACS Nano. Vol. 3, pp. 3891–902, 2009. 

[75] Garcia, J.; Gomes, H.; Serp, P.; Kalck, P.; Figueiredo, J.; Faria, J. Carbon nanotube supported ruthenium 

catalysts for the treatment of high strength wastewater with aniline using wet air oxidation. Carbon, vol. 

44, pp. 2384–2391, 2006. 

[76] Sarkar, B.; Mandal, S.; Tsang, Y.; Kumar, P.; Kim, K.; Ok, Y. Designer carbon nanotubes for contaminant 

removal in water and waste water: A critical review. Sci. Total Environment, vol. 612, pp.561–581, 2018. 

[77] Zhang, L.; Xu, L.; He, J.; Zhang, J. Preparation of Ti/SnO2-Sb electrodes modified by carbon nanotube 

for anodic oxidation of dye wastewater and combination with nanofiltration. Electrochim. Acta, vol. 117, 

pp. 192–201, 2014. 

[78] Liu, Y.; Xie, J.; Ong, C.N.; Vecitis, C.D.; Zhou, Z. Electrochemical wastewater treatment with carbon 

nanotube filters coupled with in situ generated H2O2. Environ. Sci. Water Res. Technolology, vol. 1, pp.  

769–778, 2015. 

[79] Ghasemi, M.; Daud, W.R.W.; Hassan, S.H.; Jafary, T.; Rahimnejad, M.; Ahmad, A.; Yazdio, M.H. 

Carbon nanotube/polypyrrole nanocomposite as a novel cathode catalyst and proper alternative for Pt in 

microbial fuel cell. Int. J. Hydrogen Energy, vol. 41, pp. 4872–4878, 2016. 

[80] Hou, Y.; Yuan, H.;Wen, Z.; Cui, S.; Guo, X.; He, Z.; Chen, J. Nitrogen-doped graphene/CoNi alloy 

encased within bamboo-like carbon nanotube hybrids as cathode catalysts in microbial fuel cells. J. Power 

Sources 2016, 307, 561–568, 2016 

[81] .He, Y.-R.; Du, F.; Huang, Y.-X.; Dai, L.-M.; Li,W.-W.; Yu, H.-Q. Preparation of microvillus-like 

nitrogen-doped carbon nanotubes as the cathode of a microbial fuel cell. J. Mater. Chem. A,vol. 4, pp. 

1632–1636, 2016 

[82] .T.Matsumoto, T. Komatsu, H. Nakano et al., “Efficient usage of highly dispersed Pt on carbon nanotubes 

for electrode catalysts of polymer electrolyte fuel cells,” Catalysis Today, vol. 90, no. 3-4, pp. 277–281, 

2004. 



Futuristic Trends in Chemical, Material Sciences & Nano Technology 

e-ISBN: 978-93-5747-974-5 

IIP Series, Volume 3, Book 9, Part 1, Chapter 1 

CARBON-BASED NANOMATERIAL: PROPERTIES AND APPLICATIONS 

 

Copyright © 2024 Authors                                                                                                                       Page | 15 

[83] Ahmed W, Elhissi A, Dhanak V, Subramani K Carbon nanotubes: Applications in cancer therapy and 

drug delivery research. In: Emerging nanotechnologies in dentistry: second edition. Elsevier, vol.1 pp. 

371–389, 2018 

[84] Kam NWS, Dai H (2005) Carbon nanotubes as intracellular protein transporters: generality and biological 

functionality. J Am Chem Soc, vol 27, pp.  6021–6026, 2005. 

[85] Chen J, Chen S, Zhao X, Kuznetsova LV, Wong SS, Ojima I  Functionalized single-walled carbon 

nanotubes as rationally designed vehicles for tumor-targeted drug delivery. J Am Chem Soc vol. 49, pp. 

16778–16785, 2008. 

[86] Sheikhpour M, Golbabaie A, Kasaeian A  Carbon nanotubes: a review of novel strategies for cancer 

diagnosis and treatment.Mater Sci Eng, C vol. 76, pp. 1289–1304, 2017. 

[87] Kim Y, Ko H, Kwon IK, Shin K . Extracellular matrix revisited: roles in tissue engineering. Int Neurourol 

J vol. 20, pp. 23–29, 2016. 

[88] Bosi S, Ballerini L, Prato M .Carbon nanotubes in tissue engineering. Top Curr Chem.vol. 348, pp. 181–

204, 2014 

[89] Amiryaghoubi N, Fathi M, Barzegari A, Barar J, Omidian H, Omidi Y (2021) Recent advances in 

polymeric scaffolds containingcarbon nanotube and graphene oxide for cartilage and bone regeneration. 

Mater Today Communication. vol. 26, pp.102097,2021. 


