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ABSTRACT 

The current study attempts to review the literature concerning the 

synthesis, properties, and application of carbon nanotubes (CNTs). The 

methods used to produce carbon nanotubes include laser ablation, electric 

arc discharge, chemical vapor deposition, plasma-enhanced chemical 

vapor deposition, pulsed laser deposition, use of low-frequency ultrasound 

waves, heating a bulk polymer, and bulk sputtering. CNTs have excellent 

mechanical and thermal properties that strongly depend upon their 

structure. Functionalized magnetic CNTs are involved in magnetic force 

microscopy used in biomedicine. The liquid and plastic limit of kaolinite 

can be increased by adding CNTs to it. In the medical field, CNTs have 

numerous applications including gene delivery to cells, cancer therapy, 

drug delivery, and tissue regeneration. Their antioxidant nature also 

enables them to be used in cosmetic products and in the field of 

dermatology. They are also used to purify the environment, water, and in 

modern food-packaging technology. The sensors containing CNTs 

composite pellets are sensitive to gases, such as NH3, CO2, and CO H2O. 

CNTs are used to construct gas containers for hydrogen storage. They are 

also considered ideal for structural applications and their properties can be 
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improved by making their composites with metals. Such metals may be 

introduced into the core of CNTs by different methods including solid-

state reaction, arc-discharge method, and electrochemical techniques. The 

value of absorbed hydrogen gas in CNTs varies between 0.4 and 67 mass 

%. Recent advances encourage more research on CNTs to increase their 

clinical applications in the future.  

Keywords: carbon nanotubes (CNTs), metals, properties, synthesis 

1. INTRODUCTION 

Carbon plays an important role in almost all fields of science and 

technology, especially as a source of energy [1]. Carbon nanotubes 

(CNTs) possess outstanding electrical and mechanical properties, which 

are used as an important component of flexible batteries [2]. They are 

hollow cylindrical structures rolled into a cylinder akin to a honeycomb 

lattice. The internal diameter of CNTs lies in the range of nanoscale or is 

1µm in length. The history of carbon nanotubes (CNTs) started in 19th 

century, certainly from World War 2 when carbon fiber was first 

synthesized by Thomas A. Edison for electric light bulbs as a filament [3]. 

CNTs fall into two categories, namely single-walled carbon nanotubes 

(SWCNTs) and multi walled carbon nanotubes (MWCNTs). The 

toughness and higher thermal conductance are owed to the presence of sp2 

hybridization in CNTs. SWCNTs are insoluble in both organic and 

inorganic solvents, although they may be soluble after complexation and 

polymerization. When SWCNTs are added to aniline (organic solvent) 

then SWCNT-aniline charge transfer complex is formed that makes 

SWCNTs soluble in organic solvents and preserves their pristine nature, as 

proved by various analysis tools [4].  

CNTs comprise graphite sheets rolled into a cylindrical pattern and 

have various applications in the fields of medicine and material sciences 

[5]. They have widespread applications in every aspect of life, such as film 

and coatings and also in the fields of biotechnology, electronics, 

environment, energy storage, and many others due to their unique higher 

thermal conductivities, toughness, and electrical conductivity [6].  

Keeping in view the great importance of nanotechnology in various 

fields [7–10], the current study reviews the literature concerning the 

synthesis, properties, and uses of carbon nanotubes (CNTs).  
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2. SYNTHESIS OF CARBON NANOTUBES (CNTS) 

The methods used to produce CNTs include laser vaporization, electric 

arc discharge, chemical vapor deposition [11], decomposition of SiC, 

dipping graphite in cold water, torsion of graphene layers, as well as, 

mechano-thermal, pyrolysis, solar energy, liquid phase, electrolysis, and 

heat treatment of polymers [12]. 

Historically, electric arc discharge was the first method used for the 

formation of CNTs. Arc discharge method technically resembled the laser 

evaporation process. Comparison between these two methods (laser 

evaporation process and electric arc discharge) that shows that there is a 

difference in the purity and quality of the obtained products. However, the 

most favorable and developed techniques used for the synthesis of CNTs 

and related to materials on a large scale, which include different types of 

chemical vapor deposition (CVD) and arc discharge [13]. Consequentially, 

CNTs were synthesized using various techniques, such as laser ablation or 

arc discharge. However, in present days, CVD (<800C) has replaced these 

techniques (laser ablation and arc discharge) because this method 

accurately controls the nanotube diameter, length, density, purity, 

orientation, and alignment [14]. 

2.1. Electrical Arc Discharge Method 

The arc discharge method involves the vaporization of carbon by 

applying electric field at a high-temperature gradient. This process may be 

improved in the presence of numerous metal catalysts (for instance, iron, 

cobalt,  nickel, yttrium, boron, and gadolinium) under the reduced pressure 

of the inert gas [15] It also creates plasma in a glass chamber due to the 

transfer of energy from the arc to the graphite anode doped with a catalyst. 

The arc discharge setup involves two graphite rods, which act as anode 

and cathode and have a diameter of 20 mm and 7 mm, respectively. An arc 

is produced when 100–200 ampere current is provided between the 

electrodes [16]. Generally, multi-walled carbon nanotubes (MWCNTs) are 

produced when no catalysts are applied. However, single walled carbon 

nanotubes (SWCNTs) are synthesized in the presence of a transitional 

metal catalyst. The high-temperature arc discharge method (above 

1700°C) results in the formation of a mixture product and requires the 

separation of CNTs from both coal and the remaining metals (catalytic) 

[17]. The catalyst composed of nano-sized metal particles (such as Ni, Co, 

or Fe), which cause the disintegration of the precursor molecules of 
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gaseous hydrocarbon into carbon [18]. Needle-like CNTs with 

approximately 1 mm of length and 4-30 nm diameter can be produced on 

carbon cathode by using the direct arc discharge evaporation of carbon. 

Lijima et al. used the pressurized chamber filled with a gaseous mixture of 

40 torr argon and 10 torr methane [19]. The high yield production of 

CNTs depends on the concentration and nature of catalysts, gases that are 

composed of plasma, the pressure of inert gas, the arc current intensity, 

and the distance between the electrodes [17]. Figure 1 displays a 15 

kW xenon short-arc lamp used in the IMAX projection system. 

 

Figure 1. A 15 kW xenon Short-Arc Lamp 

Source. https://en.wikipedia.org/wiki/Arc_lamp 

2.2. Laser Ablation Technique 

CNTs can be produced using the laser ablation method (Figure 2). 

Normally, a laser is directed on the targeted carbon, which vaporizes a 

small quantity of material inside an oven warmed up to 1200°C. The 

smooth beam of laser on the target is ensured by a computer control 

system [20]. The plasma produced by this method is usually swept by 

nitrogen or argon from a high-temperature gradient and deposited onto the 

surface of the substrate, which is cooled by the external cooling system. 

Pulsed or continuous laser vaporizes 1.2% of Co/Ni with 98% composite 

of graphite target under 500 torr of the inert atmosphere of helium at 

1200oC in quartz furnace. A plume forms vapors at this high temperature 

which rapidly expands and cools. A large cluster is formed by the quick 

https://en.wikipedia.org/wiki/Xenon_arc_lamp
https://en.wikipedia.org/wiki/IMAX
https://en.wikipedia.org/wiki/Xenon_arc_lamp
https://en.wikipedia.org/wiki/Arc_lamp
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compression of small carbon molecules or atoms to cool down the vapors 

[21]. The growth of nanotubes is stopped when the carbon layer cannot 

absorb particles anymore because the surface is already occupied and has 

no space for the coming particles. MWCNTs are formed by using a pure 

graphite target. The SWCNTs yield depends strongly on the metal catalyst 

type and it can be increased by increasing the temperature of the furnace, 

among other factors [12]. Laser ablation is the best method to grow 

SWCNTs with a high purity and a high quality [17]. 

 

Figure 2. Laser Ablation Setup for CNT Synthesis [22] 

2.3. Chemical Vapor Deposition (CVD) Method 

In electronics and CMOS industry, chemical vapors deposition (CVD) 

is the most suitable technique for the synthesis of CNTs as compared to 

laser ablation and arc discharge methods. This technique can synthesize 

CNTs at a lower temperature [23]. CVD yields very pure and high-

performance solid materials. This technique can be used to synthesize the 

materials in which vapor phase chemical components react at specific 

surfaces to form solid films [24].  
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CVD was first reported in 1996 for the production of nanotubes. In 

CVD, vacuum deposition occurs for the production of CNTs. In this 

process, the substrates are exposed to a volatile precursor which reacts or 

decompose on the surface of the substrates. This method is useful for the 

production of nanotubes in a high quantity and also to control the growth 

direction onto the substrate [25]. The synthesis of CNTs through CVD 

involves the sputtering of a transition metal catalyst onto the substrate. It 

also uses thermal annealing or chemical etching to induce nucleation in 

the catalyst particle. Clusters are formed on the substrate as a result of 

thermal annealing and nanotubes are grown [26].  

In the reaction chamber, there is a gas phase in which the carbon 

source is placed. Then, by using an energy source such as plasma, carbon 

molecule or heating coil is converted to an atomic level. Carbon 

monoxide, methane, or acetylene can be used as a carbon source [27]. 

Generally, CVD utilizes a temperature range of 650–900oC for the 

synthesis of nanotubes, with the consequent yield of about 30% [26]. 

MWCNTs are produced by thermal CVD methods, using acetylene or 

ethylene gas as the feedstock of carbon in the presence of Ni, Co, or Fe 

nanoparticles as a catalyst. At these temperatures, carbon atoms are 

dissolved into metal nanoparticles which finally become saturated and the 

precipitation of carbon forms CNTs. The size of the metal particles 

(catalysts) can help to determine the diameter of CNTs. When other 

elements such as Mn, Cr, and Cu are used, CNTs are formed only in 

minute amounts [28].  

The percentage yield of CNTs varies depending upon their synthetic 

methodology. Table 1 gives a brief comparison between CVD, laser 

ablation, and arc discharge methods. 

Table 1. Comparison between Different Synthesis Methods 

Arc discharge method Laser ablation method Chemical vapor deposition 

➢ With the help of the 

arc discharge tube 

method, we can 

synthesize up to 30% 

by weight of both 

MWCNTs and 

SWCNTs [29].  

➢ The yield of the 

laser ablation 

method is about 

70% of SWNTs 

with a measurable 

diameter, which is 

controlled by the 

➢ For the synthesis of 

carbon nanotubes, CVD 

is known as the most 

widely used method 

[30]. 

➢ The removal of catalyst 

by acid treatment may 
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Arc discharge method Laser ablation method Chemical vapor deposition 

➢ The synthesis of 

carbon nanotubes 

requires a 

temperature above 

1700 oC.  

➢ The synthesis is 

performed in an arc 

discharge tube. This 

method causes less 

structural distortions 

[14]. 

temperature of 

reaction. 

➢ In comparison with 

chemical vapor 

deposition, arc 

discharge method 

is much expensive 

[29]. 

cause destruction of the 

original structure of 

carbon nanotubes. 

➢ The yield may be 

increased by the use of  

catalysts like MgO or 

Al2O3 [31]. 

2.4. Plasma-enhanced Chemical Vapor Deposition (PECVD) 

PECVD is a versatile technique that  is used to obtain vertically dense 

aligned CNTs at lower temperature, as compared to the one’s used in 

CVD. It is a latest procedure for the selective positioning and vertical 

alignment of CNTs. In PECVD, the activation energy for the CVD 

reaction is provided not only by elevating temperature gradient but also by 

the energetic plasma formation in an electric field  [32].  

2.5. Pulsed Laser Deposition Method 

The CNTs can be synthesized by the pulsed laser deposition method. 

This is a thin film deposition method in which the targeted material is 

evaporated by a pulse of laser beam and a film is deposited on the 

substrate surface. The furnace contains the targeted substance placed at the 

bottom in which the substrate is placed at the top side of the furnace. The 

laser beam normally used is Nd: YAG. The laser beam strikes the targeted 

atom and vaporize them. The vaporized atoms are called a plume. The 

plume is moved towards the substrate, deposited and grows as carbon 

nanotubes upon the substrate surface [33]. The rate of deposition and the 

laser beam can be collaborated to control certain parameters of the CNTs. 

These CNTs are deposited in the substrate surface that can be separated 

from the carbon nanoparticles, amorphous carbon, and other unwanted 

impurities. These prepared CNTs can be purified by several methods that 

includes  gas-phase purification and liquid phase purification, which are 

used most commonly for the purification procedure [34]. 
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2.5.1. Gas-phase Purification. In the gas-phase purification method, 

CNTs are purified by applying high-temperature oxidation, which is 

continued by the repeated extractions with nitric acid and HCl. In this 

process, the synthesized CNTs have a high purity and stability, including  

little impurities or residual catalyst [34]. 

2.5.2. Liquid phase Purification. In liquid phase purification, the 

CNTs  are purified in several steps, which mainly include: 

i. The preliminary filtration, which is done to remove the bulk residual 

graphite particles. 

ii. Then the CNTs are dissolved in both conc., acid, and organic solvents 

to remove the unreacted catalyst and fullerenes.  

iii. Next is the centrifugal separation of CNTs from the solution. 

iv. Then microfiltration is done. 

v. The final step of purification is chromatography, which is used to 

separate the MWCNTs and SWCNTs [34]. 

2.6. Modification of CNTs by Low-Frequency Ultrasound Waves 

Multi-walled carbon nanotubes (CNTs) can be modified by treating 

with 20 kHz ultrasound in combination with dilute HNO3 and dilute 

H2SO4 for 30 min at 12 W cm⁻² sonication. These  specified conditions 

prevent the aggregation of the nanotubes and  allow an efficient dispersion 

in ethanol or in chitosan [35].  

2.7. Synthesis of CNTs  through Bulk Polymer 

The CNTs can be synthesized by heating a bulk polymer at about 400 
oC in the air. This can be obtained by polyesterfication reaction of 

ethylene glycol and citric acid. The formation of CNTs is confirmed by 

the number of spectroscopic analyses. The lengths  of CNTs is generally 

less than 1 μm, whereas their diameter ranges from 5-20 nm  [36]. 

2.8. Synthesis of CNTs  through Bulk Sputtering 

One of the most promising methods among all is bulk sputtering 

method, which may be employed for the mass production of CNTs, 

however,  this process is overpriced[37]. During the process of sputtering, 

the targeted graphene is usually placed as the targeted material in the 

chamber. The reaction chamber is filled with an inert argon gas, which is 
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commonly used when an inert atmosphere is required or for the production 

of titanium and other reactive material. The electric field is applied 

between the two electrodes, which accelerate the ionization process of 

argon gas to produce the charged particles that strike  the surface of the 

targeted graphene material and eject the carbon atoms from the surface of 

graphene [38]. The CNTs are grown on the surface of the substrate.  Thus, 

the CNTs prepared by this method are impure and can be purified by 

several other methods [37]. 

3. PROPERTIES 

Carbon nanotubes (CNTs) have unique properties due to which they 

are found in numerous applications, which have a great impact on human 

health. However, some chemicals have  also evolved during CNTs 

production and handling, which are usually inhaled during the inhalation 

process [39]. The tensile strength of CNTs is  hundred times greater than 

their steel and thermal/electrical conductivities, which are comparable to 

copper [25]. CNTs show significant properties including physicochemical 

properties, metallic or semi-metallic characteristics, great mechanical and 

electrical characteristics, good thermal conductivity, high electrical 

conductivity, and a large surface area [40]. They are considered ideal for 

the production of next-generation composite materials due to their specific 

properties [41]. The properties of CNTs can be modified by doping with 

heteroatoms such as nitrogen and boron to tune their physicochemical 

characteristics for specific applications [42].  

3.1. Electronic Properties 

CNTs possess hollow cylinders with approximately 20 carbon atoms 

around the circumference of the cylinders and microns in length. They can 

act as semiconductors or conductors depending on their structure and 

possess characteristic electronic properties. CNTs have unusual electronic 

properties due to their high electrical conductivities as compared to 

copper. The symmetry of the planner system can be broken down by 

rolling action, which causes a specific direction with respect to the 

hexagonal lattice and axial directions [43]. Different theoretical and 

experimental works suggest that single-walled CNTs are considered as 

quantum wires, which  have one dimension [44]. The graphene sheet is the 

main site for single-walled CNTs having a main electronic structure and is 

considered to possess metal properties with bands of conduction [45]. 



Hussain et al. 

105 
School of Science 

Volume 7 Issue 3, 2023 

Moreover, carbon nanotubes are also considered as an example of ideal 

quantized one-dimensional conductors [46].  

3.2. Mechanical Properties of CNTs 

CNTs are one-dimensional materials that display the mechanical 

properties, such as the tensile strength and young’s modulus. However, it 

is difficult to produce the pure form of CNTs and to control and manage 

their properties. Due to these properties,  CNTs are considered good for 

polymer enforcement. The extensive mechanical characteristics of CNTs 

are due to the sp2 hybridization of carbon-carbon double bond. The 

densities of carbon nanoparticles are very low (1.3 gcm-3) as compared to 

stainless steel. Young’s modulus of  CNTs is higher than carbon fibers 

with larger values than that of 1TPa, which is about five times larger than 

steel [43]. CNTs have excellent mechanical properties that strongly 

depend upon their structure. There are three kinds of nanotubes (SWNTs, 

MWNTs, and catalytic MWNTs) studied under laboratory actions that 

always consist of structural defects [47]. The calculation for the stiffness 

constant of SWNTs can be done by adopting the elastic modulus of 

graphite to understand the important properties like mechanical properties 

of graphite of a single crystal [48]. 

3.3. Thermal Properties of CNTs 

One of the most important properties of CNTs is thermal property, 

which is directly related to their small sizes and unique structures. 

Thermal and specific heat conductivity of bulk MWNTs can help to 

measure the thermal properties of carbon nanoparticles [49]. The thermal 

characteristics of CNTs are directly related to each other’s as the size of 

devices (electronic or mechanical) are reduced to the micro and nanometer 

level. With the help of molecular modeling predictions, the studies of 

nano-electronic devices became very easy, however,  it is quite difficult to 

measure the accurate thermal properties [50]. The excellent thermal 

conductivity of 3000 W/m K at room temperature of SWNTs makes them 

important for thermal applications [51]. The high thermal conductivity of 

nanotubes has a number of applications in thermal management such as 

heat sinking of silicon processors, or increasing the thermal conductivity 

of plastics in areas of housing for electric appliances [52]. Carbon 

nanotubes show greater variations in thermal conductivities and the 
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conductivity of nanotubes is greater along the axis due to greater 

anisotropic property [53]. 

3.4. Magnetic Characteristics and Heat Generation  

CNTs are widely accepted due to their fundamental properties. The 

basic field  interest of CNTs is the magnetic functionalization, which has a 

wide applications as nano-scaled magnetic objects [54]. The 

semiconducting and metallic properties of CNTs can be predicted by both 

first principal calculation and tight binding that depends upon their size 

and helicity. Few unusual characteristics were demonstrated by many 

recent experiments [55]. For a magnetic field, high diamagnetic sensitivity 

is found in both perpendicular and parallel axis of the tube [56]. 

Specifically, the magnetic functionalization gives tremendous potential to 

CNTs that can  provide a practical approach to give a stable coating for 

protection from degradation and oxidation. The functionalized magnetic 

CNTs are involved in magnetic force microscopy, which is used in 

biomedicine in the form of magnetic nano-vectors or spintronics [57]. 

3.5. Carbon Nanotubes (CNTs) Composites 

 Due to the magnificent physical properties of CNTs, they form a 

metal matrix with the metals to take the advantage of their high tensile 

strength and electric conductivity. They are also considered ideal for 

structural applications and their properties can be improved by making 

their composites with metals. The following techniques are used for the 

fabrication of CNTs polymer nanocomposite material.  

3.5.1. Solvent Casting. It is an important procedure for the preparation 

of CNTs concentrated polymer nanocomposite materials. These solvents 

have a significant influence on the properties of nanocomposites. The in 

solvent casting of the nanotubes is facilitated by dispersion and it involves 

the preparation of a suspension of CNTs in the solution of a desirable 

polymer by energetic agitation. The process involves the dissolution of a 

polymer in an organic solvent and then the addition of particles (generally 

salts) with specific dimensions to the solution. It is followed by the 

shaping of consequent mixture, its final geometry a membrane that can be 

produced by casting it onto a glass plate or a scaffold is formed by using a 

three-dimensional mold. After evaporation of solvent evaporates, a 

composite material is produced, which contains the particles together with 

the polymer [58].   

https://www.sciencedirect.com/topics/materials-science/organic-solvents
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3.5.2. Melt Mixing Method. CNTs can also be synthesized by the 

melt mixing method, which is used for the thermoplastic polymers that 

gets soften on heating. This process involves an elevated temperature 

gradient to decrease the viscosity of the substrate and high shear forces to 

the nanotubes bundle. Templates of numerous shapes can then be obtained 

by various fabrication techniques, including injection molding, 

compression molding or extrusion formed composites of commercial 

polymers, such as acrylonitrile butadiene styrene (ABS) with MWCNT, 

polypropylene, and high impact polystyrene  [59]. 

For the achievement of multifunction and high-performance stability, 

CNTs are considered to be an ideal filler for polymer type matrixes, due to 

their sizes in nanometers, high and well-known aspect ratio, and more 

specifically due to their amazing strength and high thermal and electrical 

conductivities [60]. Solution casting and melt blending are the most 

common methods that are used to produce polymer composites; inorganic 

fillers may also be used in making carbon nanotubes-polymer composites 

[61]. In recent times, fabrication of CNTs with the polymeric substances 

gives the characteristics synergistic effects to the host and boosts a vast 

interest in the development of multifunctional CNTs along with alternative 

materials [62].   

4. APPLICATIONS OF CARBON NANOTUBES (CNTS) 

Nanoparticles are found in a broad range of biological [63–66] and 

non-biological applications [67–70]. CNTs functional materials 

(CNTFMs) had shown a potential impact on the fields of science, 

engineering, and technology with the transformation of nanoscience 

towards a  practical applications [71].  

4.1. Carbon Nanotubes as Stabilizers 

The liquid and plastic limit of kaolinite can be increased by the 

significant addition of CNTs to it. The resultant mixture would have lower 

soil strength, higher compressibility, and reduced hydraulic conductivity 

[72]. The presence of CNTs in construction materials increase the 

mechanical strength of a material. It has the capacity to increase the 

flexibility of a material [73]. It also decrease the breakability of a material. 

Soil cement itself is not a flexible material and it can be easily broken by 

applying stress. Consequently, materials which are made by only soil-
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cement can be easily breakable by applying any kind of stress. CNTs have 

significantly solved such type of problems [74]. 

4.2. CNTs Applications in the Medical Field 

In the medical field, CNTs have numerous applications including gene 

delivery to cells, cancer therapy, drug delivery, and tissue regeneration. 

MWNTs and SWNTs have a greater potential to improve the traditional 

drug delivery to the cells [75]. CNTs as compared to other nanocarriers 

that can be easily modified for conjugation of bioactive compounds and 

ligands for the targeting process. Additionally, they also found diagnostic 

applications to drug delivery [76]. The use of CNTs in the nerve tissue are 

explained in several reports [77].  

CNTs  applications are also found in drug delivery, genes, cells, and 

cytokines. Moreover, they can also develop tissue induction and cell 

activation properties along with futuristic biomaterials characteristics, 

which are beneficial for the human body. For the self-repaired potential of 

the human body, it is very important to use CNTs flexibly to adapt to their 

environment [78]. Their solubility is applicable in biocompatibility, 

secretion, blood transportation, and gastrointestinal absorption. The CNTs 

composites are also involved in therapeutic drug delivery systems [79]. 

Significantly, CNT dispersions should have a uniform and stable 

distribution to a sufficient degree for an accurate concentration. The 

solubility of pristine CNTs in the aqueous solution is an important factor 

for their use as a practical drug carrier, which can be owed to the 

hydrophobic property of the graphene sidewalls and also π-π strong 

interaction between CNTs. There had been a prime focus on nano-carbon 

biomaterial research and its development over the last 15 years. However, 

it is strongly believed that this focus would lead to paradigm shifts and 

lead to major advancements in global medicine by following the road 

towards clinical applications [80]. 

Figures 3 and 4 display important applications of CNTs in the field of 

medical.  
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Figure 3. Application of CNT in Biomedical Field [81] 

 
Figure 4. Application of CNT in Biomedical Field [82] 
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4.3. Application of Carbon Nanotubes (CNTs) as a carrier of the 

Anticancer Drug 

Chemotherapy is usually coupled with other treatment techniques to 

reduce the size of the tumor in traditional methods, however, this 

technique also causes toxicity to the other living cells, which has adverse 

side effects. To reduce the side effects, a new method has been developed 

in which anticancer drug is delivered to tumors by CNTs [83]. To deliver 

the drug to the target cell, CNTs are functionalized with the chemical 

receptor (protein or nucleic acid), and then the anticancer drug is fixed in 

functionalized CNTs with the open ends; this drug along with CNTs is 

introduced into the animal body either by oral or injection.  Finally, drug 

carrier CNTs pass across the nuclear membrane and cytoplasmic 

membrane without generating toxic effects and reach the targeted cell. 

There are two targeted ways through which a drug is delivered to a cell; 

one is non-internalization, while the second one is the internalization 

method. Comparatively, the second method is considered better than the 

first method. In the internalization method, both drug and CNTs are 

entered inside the cell from the intracellular environment that assists to 

deteriorate the drug carrier conjugate for releasing drugs into the cell. 

While in the method of non-internalization, the extracellular status helps 

to deteriorate the drug carrier to conjugate, then the drug itself penetrates 

across the lipid membrane to enter into the cell; here the drug is degraded 

before reaching the targeted cell. There are two possible mechanisms of 

internalization of CNTs, which include insertion and diffusion and 

endocytosis. The whole procedure is used for cancer therapy [84].  

4.4. Carbon Nanotubes as Preservatives 

Many investigations have  focused on the development of novel 

antioxidants due to their importance in food and pharmaceutical industry 

[85]. CNTs and nano-horns are antioxidants in nature. They can be used in 

drugs to reduce the process of oxidation in the human body. Their 

antioxidant nature also enables them to be utilized in cosmetic products 

and in the field of dermatology along with zinc oxide sunscreen, which is 

used to avoid oxidation of vital skin constituents [86]. For convenient and 

processed food, aromatic organic acids are used to inhibit a vast range of 

fungi, molds, bacteria, and yeasts [87]. Despite this, extensive 

consumption of these types of preservatives in food may be harmful for  

human health and can cause several allergic diseases like dermatitis, hives, 
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convulsion, and others in humans [88]. Currently, carbon nanomaterials 

have attracted significant attention worldwide in modern food-packaging 

technology due to their easy functionalization, high surface area-to-

volume ratio, excellent antimicrobial activity, superb physico-mechanical 

and water resistance properties, strong adsorptive ability, high thermal, 

and electrical conductivity,. CNTs-based nano-sensors offer a better 

assessment of the freshness, security, safety, quality, and packaging of 

food products [89].  

4.5. Application of Carbon Nanotubes (CNTs) as a Sensor 

Sensors are mostly imported as detecting devices, which are used in 

different fields. There are different types of sensors such as biosensors and 

molecular sensors. The efficiency of sensors can be enhanced by attaching 

CNTs to them (Figure 5) [90]. CNTs have been employed in the sensing 

and detection of liver and pancreas cancer [91]. The usages of CNTs for 

the detection and sensing of NO2 gas are well recognized [92]. CNTs 

incorporated sensors can be used to bring revolutionary changes in 

different sectors, especially in the biomedical industry [83].. The sensors 

containing CNTs composite pellets may be constructed by attaching 

different chemical groups onto the end; they are also sensitive to gases 

such as NH3, CO2, and CO H2O [93]. Gas sensor are used in medical, 

industrial, and in commercial areas for the reduction of greenhouse gases 

and to monitor the environment of the combustion engine [94]. Ammonia, 

carbon dioxide, and oxygen gas can be detected using their conductivity 

and permittivity properties by multi-walled nanotubes [95]. 

The CNTs have unique physical, adsorption, and electrochemical 

properties. The strong adsorption capacity of the CNTs and their good 

sensitivity towards atoms and molecules adsorbed on their surface enable 

them to design sensors-based CNTs. Many gas sensors (detectors) based 

on the CNT  have been reported in previous literature [96] that  include: 

i. Shift gas sensors  

ii. Resonance frequency  

iii. Capacitance gas sensors 

iv. Ionization gas sensors 

v. Adsorption gas sensors 
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Their main operating principle involves adsorption during which an 

adsorbed gas molecule transfers an electron to or takes it from a nanotube. 

This changes the electrical properties of the CNTs, which can be detected 

and measured. There are numerous gas sensors based on pure SWCNTs 

and MWCNTs modified by metals, metal oxides, polymers or various 

functional groups [97]. 

 
Figure 5. Application of CNT as a sensor [98] 

4.6. Application of Carbon Nanotubes (CNTs) in Water Filtration and 

Environment 

Carbon nanotubes (CNTs) find numerous applications in the purification 

of water [99] and the remediation of pollutants [100]. They can reduce the 

distillation cost by up to 75% and their membranes help in filtration. 

CNTs have a very small particle size, which enable smaller particles (like 

water molecules) to pass through them, while larger particles are blocked 

(they cannot pass through carbon nanotubes), such as chloride salts [101].  

4.7. Carbon Nanotubes (CNTs)   in Electronic Devices 

In electronic devices, CNTs can be used as field emission sources, 

which is done by applying the potential between CNTs surface and anode. 
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Due to the curvature present in the form of pentagons in CNTs , electrons 

are discharged from their tips [102]. The use of CNTs as electron emitters 

is associated with several  advantages, which include stable field emission, 

high current densities over prolonged periods,  low emission threshold 

potential, and long lifetime of the components for the construction of field 

emission devices [103]. 

CNTs  can be used in supercapacitors because they have a large 

surface area [104]. Therefore, by using carbon nanotubes (CNTs), the use 

of platinum can be reduced, which  creates some problems specially  in 

fuel cells [105]. 

4.8. Gas and Hydrogen Storage 

Carbon nanotubes (CNTs) are used as a metal container because of 

their hollow cylindrical nature.  Metals may be introduced into  CNTs core 

by different methods, including solid-state reaction, arc-discharge method, 

and electrochemical techniques [106]. The environmental problems are 

rising day by day due to the overuse of fossil fuels. There are various 

primary energy sources, such as, wind, solar energy, thermonuclear 

energy, and geothermal. The best choice  among all is hydrogen because 

of its adverse advantages. It can be easily produced, it has a high 

utilization efficiency and it transforms without any additional problems at 

the consumer end [107]. CNTs are used to construct gas containers, which 

are used to store hydrogen gas. Hydrogen gas is absorbed in single-walled 

nanotubes. The value of absorbed hydrogen gas in CNTs varies between 

0.4 and 67 mass % [82].  

5. CONCLUSION 

Carbon nanotubes can be produced by laser ablation, electric arc 

discharge, chemical vapor deposition (CVD), plasma-enhanced chemical 

vapor deposition (PECVD), pulsed laser deposition, use of low-frequency 

ultrasound waves, by heating a bulk polymer and bulk sputtering etc. 

Chemical vapor deposition (CVD) and arc discharge are the most favorite 

methods for CNTs production on large scale; however, the latter is 

comparatively expensive. The CVD yields very pure and high-

performance solid materials and has the ability to control accurately the 

nanotube diameter, length, density, purity, orientation, and alignment. 

Plasma-enhanced chemical vapor deposition (PECVD) is a latest 

technique for the selective positioning and vertical alignment of CNTs. 
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The laser ablation is the best suitable method to grow single-wall 

nanotubes with high purity and high quality. The CNTs prepared by 

pulsed laser deposition require either gas- or liquid-phase purification. 

CNTs show characteristic metallic/semi-metallic, mechanical, electrical, 

thermal and electrical properties which are improved by making their 

composites with metals. They can improve the mechanical strength and 

flexibility of a construction material. CNTs find applications in diagnosis, 

drug delivery, gene delivery to cells, cancer therapy, drug delivery, tissue 

regeneration, biomedicine, cosmetic products, dermatology, 

environmental science, water purification, modern food-packaging 

technology, electronic devices, gas sensors and in construction of gas 

containers for hydrogen storage.  

REFERENCES  

1. Karthik P, Himaja A, Singh SP. Carbon-allotropes: synthesis 

methods, applications and future perspectives. Carbon Lett. 

2014;15(4):219–237. https://doi.org/10.5714/CL.2014.15.4.219   

2. Zhu S, Sheng J, Chen Y, Ni J, Li Y. Carbon nanotubes for flexible 

batteries: recent progress and future perspective. Nat Sci Rev. 

2021;8(5):nwaa261. https://doi.org/10.1093/nsr/nwaa261  

3. Saito R, GD, Dresselhaus G, Dresselhaus MS. Physical properties of 

carbon nanotubes. London; Imperial College Press; 1998.  

4. Chen J, Hamon MA, Hu H, et al. Solution properties of single-walled 

carbon nanotubes. Science. 1998;282(5386):95–98. https://doi.org/10. 

1126/science.282.5386.95  

5. Tasis D, Tagmatarchis N, Bianco A, Prato M. Chemistry of carbon 

nanotubes. Chem Rev. 2006;106(3):1105–1136. https://doi.org/ 

10.1021/cr050569o 

6. De Volder MFL, Tawfick SH, Baughman RH, Hart AJ. Carbon 

nanotubes: present and future commercial applications. Science. 

2013;339(6119):535–539. https://doi.org/10.1126/science.1222453  

7. Javed M, Abbas SM, Hussain S, Siddiq M, Han D, Niu L. Amino-

functionalized silica anchored to multiwall carbon nanotubes as 

hybrid electrode material for supercapacitors. Mat Sci Energy 

Technol. 2018;1(1):70–76. https://doi.org/10.1016/j.mset.2018.03.002  

https://doi.org/10.5714/CL.2014.15.4.219
https://doi.org/10.1093/nsr/nwaa261
https://doi.org/10.1126/science.1222453
https://doi.org/10.1016/j.mset.2018.03.002


Hussain et al. 

115 
School of Science 

Volume 7 Issue 3, 2023 

8. Munir M, Hussain S, Anwar R, Waqas M, Ali J. The role of 

nanoparticles in the diagnosis and treatment of diseases. Scie Inq Rev. 

2020;4(3):14–26. https://doi.org/10.32350/sir.43.02  

9. Shahzad K. synthesis, characterization, and photocatalytic 

degradation of nickel doped copper oxide nanoparticles. Lahore 

Garrison Univ J Life Sci. 2020;4(02):130–138. https://doi.org/10. 

54692/lgujls.2019.0402103  

10. Iqbal MF, Yousef AK, Hassan A, et al. Significantly improved 

electrochemical characteristics of nickel sulfide nanoplates using 

graphene oxide thin film for supercapacitor applications. J Energy 

Storage. 2021;33:e102091. https://doi.org/10.1016/j.est.2020.102091  

11. Singh E, Srivastava R, Kumar U, Katheria AD. Carbon nanotube: A 

review on introduction, fabrication techniques and optical 

applications. Nanosci Nanotechnol Res. 2017;4(4):120–126.  

12. Akbari GH, Mirabootalebi SO. Methods for synthesis of carbon 

nanotubes. Int J Bio-Inorg Hybr Nanomater. 2017;6(2):1–10.  

13. Szabó A, Perri C, Csató A, Giordano G, Vuono D, Nagy JB. 

Synthesis methods of carbon nanotubes and related materials. 

Materials. 2010;3(5):3092–140. https://doi.org/10.3390/ma3053092  

14. Eatemadi A, Daraee H, Karimkhanloo H, et al. Carbon nanotubes: 

properties, synthesis, purification, and medical applications. 

Nanoscale Res Lett. 2014;9(1):eD393. 

15. Ando Y, Zhao X. Synthesis of carbon nanotubes by arc-discharge 

method. New Diamond Front Carbon Technol. 2006;16(3):123–138. 

16. Sharma R, Sharma AK, Sharma V. Synthesis of carbon nanotubes by 

arc-discharge and chemical vapor deposition method with analysis of 

its morphology, dispersion and functionalization characteristics. 

Cogent Eng. 2015;2(1):e1094017. https://doi.org/10.1080 

/23311916.2015.1094017   

17. Rashad AA, Mohammed SA, Yousif E. Synthesis of carbon nanotube 

: A review. J Nanosci Technol. 2016;2(5):e7. 

18. Awasthi K, Srivastava A, Srivastava ON. Synthesis of carbon 

nanotubes. J Nanosci Nanotechnol. 2005;5(10):1616–1636. 

https://doi.org/10.1166/jnn.2005.407  

https://doi.org/10.32350/sir.43.02
https://doi.org/10.54692/lgujls.2019.0402103
https://doi.org/10.54692/lgujls.2019.0402103
https://doi.org/10.1016/j.est.2020.102091
https://doi.org/10.3390/ma3053092
https://doi.org/10.1166/jnn.2005.407


Synthesis, Properties, and Applications … 

116 

Scientific Inquiry and Review 

Volume 7 Issue 3, 2023 

 

19. Rafique MMA,  Iqbal J. Production of carbon nanotubes by different 

routes—a review. J Encapsul Adsorp Sci. 2011;1:29–34. https://doi. 

org/10.4236/jeas.2011.11004  

20. Chrzanowska J, Hoffman J, Małolepszy A, et al. Synthesis of carbon 

nanotubes by the laser ablation method: effect of laser wavelength. 

Physica Status Solidi (b). 2015;252(8):1860–1867. https://doi.org 

/10.1002/pssb.201451614  

21. Mahajan D. Carbon nanotubes: a review on synthesis, electrical and 

mechanical properties and applications. Asian J Appl Sci Technol. 

2017;1(7):15–20. 

22. van de Burgt Y. Laser-assisted growth of carbon nanotubes—a 

review. J Laser Appl. 2014;26(3):e032001. https://doi.org/10.2351 

/1.4869257  

23. Emmenegger C, Bonard JM, Mauron P, et al. Synthesis of carbon 

nanotubes over Fe catalyst on aluminium and suggested growth 

mechanism. Carbon. 2003;41(3):539–547. https://doi.org/10. 

1016/S0008-6223(02)00362-7  

24. Yadav BC, Kumar R, Srivastava R, Shukla T. Flame Synthesis of 

Carbon Nanotubes using Camphor and its Characterization. Intl J 

Green Nanotechnol. 2011;3(3):170–179. https://doi.org/10.1080/ 

19430892.2011.628579 

25. Ibrahim KS. Carbon nanotubes-properties and applications: a review. 

Korea Sci. 2013;14(3):131–144.  

26. Bode Y. Vibration Analysis of Coupled Coaxial Carbon Nanotube 

With Damping In The Presence Of Graphene Sheet (master's thesis) 

University of Akron; 2018. 

27. Varshney K. Carbon nanotubes: A review on synthesis, properties 

and applications. Int J Eng Res General Sci. 2015;2(4):660–670. 

28. Fonseca A, Hernadi K, Nagy JB, Bernaerts D, Lucas AA. 

Optimization of catalytic production and purification of buckytubes. J 

Molecul Catal A: Chemical. 1996;107(1):159–168. https://doi.org 

/10.1016/1381-1169(95)00211-1  

29. Collins PG, Avouris P. Nanotubes for electronics. Sci Am. 

2000;283(6):62–69. 

https://doi.org/10.1002/pssb.201451614
https://doi.org/10.1002/pssb.201451614
https://doi.org/10.1016/S0008-6223(02)00362-7
https://doi.org/10.1016/S0008-6223(02)00362-7
https://doi.org/10.1016/1381-1169(95)00211-1
https://doi.org/10.1016/1381-1169(95)00211-1


Hussain et al. 

117 
School of Science 

Volume 7 Issue 3, 2023 

30. Kumar M, Ando Y. Chemical vapor deposition of carbon nanotubes: 

a review on growth mechanism and mass production. J Nanosci 

Nanotechnol. 2010;10(6):3739–3758. https://doi.org/10.1166/jnn. 

2010.2939  

31. Eftekhari A, Jafarkhani P, Moztarzadeh F. High-yield synthesis of 

carbon nanotubes using a water-soluble catalyst support in catalytic 

chemical vapor deposition. Carbon. 2006;44(7):1343–1345. 

https://doi.org/10.1016/j.carbon.2005.12.006  

32. Franz G. Plasma enhanced chemical vapor deposition of organic 

polymers. Processes. 2021;9(6):e980. https://doi.org/10.3390 

/pr9060980  

33. Mirakabad FST, Nejati-Koshki K, Akbarzadeh A, et al. PLGA-based 

nanoparticles as cancer drug delivery systems. Asian Pacific J Can 

Preven. 2014;15(2):517–535. http://dx.doi.org/10.7314/APJCP. 

2014.15.2.517  

34. Jagadeesan AK, Thangavelu K, Dhananjeyan V. Carbon Nanotubes: 

Synthesis, Properties and Applications. IntechOpen; 2020. 

35. Price GJ, Nawaz M, Yasin T, Bibi S. Sonochemical modification of 

carbon nanotubes for enhanced nanocomposite performance. 

Ultrason Sonochem. 2018;40:123–130. https://doi.org/10.1016/j. 

ultsonch.2017.02.021  

36. Cho WS, Hamada E, Kondo Y, Takayanagi K. Synthesis of carbon 

nanotubes from bulk polymer. Appl Phy Lett. 1996;69(2):278–279. 

https://doi.org/10.1063/1.117949  

37. Tran TQ, Lee JKY, Chinnappan A, et al. Strong, lightweight, and 

highly conductive CNT/Au/Cu wires from sputtering and 

electroplating methods. J Mater Sci Technol. 2020;40:99–106. 

https://doi.org/10.1016/j.jmst.2019.08.033  

38. Chapin JS. Sputtering Process and Apparatus. Google Patents; 1979. 

39. Ogura I, Kotake M, Hashimoto N, Gotoh K, Kishimoto A. Release 

characteristics of single-wall carbon nanotubes during manufacturing 

and handling. J Phy: Conf Ser. 2013;429:e012057. https://doi.org/10. 

1088/1742-6596/429/1/012057 

https://doi.org/10.1016/j.carbon.2005.12.006
https://doi.org/10.3390/pr9060980
https://doi.org/10.3390/pr9060980
https://doi.org/10.1016/j.ultsonch.2017.02.021
https://doi.org/10.1016/j.ultsonch.2017.02.021
https://doi.org/10.1063/1.117949
https://doi.org/10.1016/j.jmst.2019.08.033


Synthesis, Properties, and Applications … 

118 

Scientific Inquiry and Review 

Volume 7 Issue 3, 2023 

 

40. Hirlekar R, Yamagar M, Garse H, Vij M, Kadam V. Carbon 

nanotubes and its applications: a review. Asian J Pharmac Clinic Res. 

2009;2(4):17–27.  

41. Dubey R, Dutta D, Sarkar A, Chattopadhyay P. Functionalized 

carbon nanotubes: synthesis, properties and applications in water 

purification, drug delivery, and material and biomedical sciences. 

Nanoscale Adv. 2021;3(20):5722–5744. https://doi.org/10.1039/ 

D1NA00293G  

42. Sawant SV, Patwardhan AW, Joshi JB, Dasgupta K. Boron doped 

carbon nanotubes: Synthesis, characterization and emerging 

applications–a review. Chem Eng J. 2022;427:e131616. https://doi. 

org/10.1016/j.cej.2021.131616  

43. Saifuddin N, Raziah AZ, Junizah AR. Carbon nanotubes: a review on 

structure and their interaction with proteins. J Chem. 

2012;2013:e676815. https://doi.org/10.1155/2013/676815  

44. Odom TW, Huang J-L, Kim P, Lieber CM. Atomic structure and 

electronic properties of single-walled carbon nanotubes. Nature. 

1998;391(6662):62–64. https://doi.org/10.1038/34145  

45. Wallace P. The band structure of graphite. Phys Rev. 1947;71(9):622–

634. 

46. Dresselhaus MS, Dresselhaus G, Eklund PC. Science of Fullerenes 

and Carbon Nanotubes: Their Properties and Applications. Elsevier; 

1996. 

47. Salvetat J-P, Bonard J-M, Thomson N, et al. Mechanical properties of 

carbon nanotubes. Appl Phy. 1999;69(3):255–260. https://doi.org/10. 

1007/s003390050999 

48. Ashby MF. Overview no. 80: on the engineering properties of 

materials. Acta Metallur. 1989;37(5):1273–1293. https://doi.org/10. 

1016/0001-6160(89)90158-2  

49. Hone J, Llaguno, M., Biercuk, M. et al. Thermal properties of carbon 

nanotubes and nanotube-based materials. Appl Phys A, 2002;74: 339–

343. https://doi.org/10.1007/s003390201277   

https://doi.org/10.1039/D1NA00293G
https://doi.org/10.1039/D1NA00293G
https://doi.org/10.1155/2013/676815
https://doi.org/10.1038/34145
https://doi.org/10.1007/s003390050999
https://doi.org/10.1007/s003390050999
https://doi.org/10.1007/s003390201277


Hussain et al. 

119 
School of Science 

Volume 7 Issue 3, 2023 

50. Che J, Çagin T, Goddard WA. Thermal conductivity of carbon 

nanotubes. Nanotechnology. 2000;11(2):65–69. https://doi.org/10. 

1088/0957-4484/11/2/305  

51. Llaguno MC, Hone J, Johnson AT, Fischer JE. Thermal conductivity 

of single wall carbon nanotubes: Diameter and annealing dependence. 

AIP Conf Proc. 2001;591(1):384–387. https://doi.org/10. 

1063/1.1426893  

52. Choi S, Zhang Z, Yu W, Lockwood F, Grulke E. Anomalous thermal 

conductivity enhancement in nanotube suspensions. Appl Phy lett. 

2001;79(14):2252–2254. https://doi.org/10.1063/1.1408272  

53. Small JP, Shi L, Kim P. Mesoscopic thermal and thermoelectric 

measurements of individual carbon nanotubes. Solid State Commun. 

2003;127(2):181–186. https://doi.org/10.1016/S0038-1098(03)00341-

7  

54. Mönch I, Leonhardt A, Meye A, et al. Synthesis and characteristics of 

Fe-filled multi-walled carbon nanotubes for biomedical application. J 

Phy. 2007;61:820–824. https://doi.org/10.1088/1742-6596/61/1/164  

55. Lu JP. Novel magnetic properties of carbon nanotubes. Phy Rev Lett. 

1995;74(7):e1123. 

56. Ramirez A, Haddon R, Zhou O, et al. Magnetic susceptibility of 

molecular carbon: nanotubes and fullerite. Science. 

1994;265(5168):84–86. https://doi.org/10.1126/science.265.5168.84  

57. Klingeler R, Hampel S, Büchner B. Carbon nanotube based 

biomedical agents for heating, temperature sensoring and drug 

delivery. Int J Hyper. 2008;24(6):496–505. https://doi.org/10.1080 

/02656730802154786  

58. Ponnamma D, Ninan N, Thomas S. Carbon nanotube tube filled 

polymer nanocomposites and their applications in tissue engineering. 

In Applications of Nanomaterials: Advances and Key Technologies. 

Elsevier; 2018:391–414. https://doi.org/10.1016/B978-0-08-101971-

9.00014-4  

59. El Achaby M, Arrakhiz FE, Vaudreuil S, el Kacem Qaiss A, 

Bousmina M, Fassi‐Fehri O. Mechanical, thermal, and rheological 

properties of graphene‐based polypropylene nanocomposites prepared 

https://doi.org/10.1063/1.1426893
https://doi.org/10.1063/1.1426893
https://doi.org/10.1063/1.1408272
https://doi.org/10.1016/S0038-1098(03)00341-7
https://doi.org/10.1016/S0038-1098(03)00341-7
https://doi.org/10.1088/1742-6596/61/1/164
https://doi.org/10.1126/science.265.5168.84
https://doi.org/10.1016/B978-0-08-101971-9.00014-4
https://doi.org/10.1016/B978-0-08-101971-9.00014-4


Synthesis, Properties, and Applications … 

120 

Scientific Inquiry and Review 

Volume 7 Issue 3, 2023 

 

by melt mixing. Polym Comp. 2012;33(5):733–744. https://doi.org/ 

10.1002/pc.22198  

60. Dalton AB, Collins S, Munoz E, et al. Super-tough carbon-nanotube 

fibres. Nature. 2003;423(6941):e703. https://doi.org/10.1038/423703a 

61. Liu T, Phang IY, Shen L, Chow SY, Zhang W-D. Morphology and 

mechanical properties of multiwalled carbon nanotubes reinforced 

nylon-6 composites. Macromolecules. 2004;37(19):7214–7222. 

https://doi.org/10.1021/ma049132t  

62. Karim MR, Lee CJ, Park Y-T, Lee MS. SWNTs coated by 

conducting polyaniline: synthesis and modified properties. Synth Met. 

2005;151(2):131–135. https://doi.org/10.1016/j.synthmet.2005.03.012  

63. Hussain S, Amjad M. A review on gold nanoparticles (GNPs) and 

their Advancement in cancer therapy. Int J Nanom Nanotechnol 

Nanomed. 2021;7(1):019–025. https://dx.doi.org/10.17352/2455-

3492.000040 

64. Hussain S, Amjad M, Khan A, et al. A Perspective Study on Copper 

Oxide Nanoparticles and Their Role in Different Fields of Biomedical 

Sciences. Int J Sci Res Eng Develop. 2020;3(6):1246–1256. 

65. Zulfiqar H, Hussain S, Riaz M, et al. Nature of nanoparticles and their 

applications in targeted drug delivery. Pak J Sci. 2020;72(1):30–36. 

66. Mueez A, Hussain S, Ahmad M, Raza A, Ahmed I, Amjad M. Green 

synthesis of nanosilver particles from plants extract. Int J Agricul 

Environ Biores. 2022;7(1):96–122. 

67. Rehman H, Ali Z, Hussain M, et al. Synthesis and characterization of 

ZnO nanoparticles and their use as an adsorbent for the arsenic 

removal from drinking water. Dig J Nanomat Biostruc. 

2019;14(4):1033–1040. 

68. Abbas SM, Ahmad N, Rana UA, et al. High rate capability and long 

cycle stability of Cr2O3 anode with CNTs for lithium ion batteries. 

Electroch Acta. 2016;212:260–269. https://doi.org/10.1016 

/j.electacta.2016.06.156   

69. Raza MW, Kiran S, Razaq A, et al. Strategy to enhance the 

electrochemical characteristics of lanthanum sulfide nanorods for 

https://doi.org/10.1038/423703a
https://doi.org/10.1021/ma049132t
https://doi.org/10.1016/j.synthmet.2005.03.012
https://dx.doi.org/10.17352/2455-3492.000040
https://dx.doi.org/10.17352/2455-3492.000040


Hussain et al. 

121 
School of Science 

Volume 7 Issue 3, 2023 

supercapacitor applications. J Nanopart Res. 2021;23(9):1–12. 

https://doi.org/10.1007/s11051-021-05307-0  

70. Javed M, Hussain S. Synthesis, characterization and photocatalytic 

applications of p (aac) microgels and its composites of ni doped ZnO 

nanorods. Dig J Nanomater Bios. 2020;15(1):217–230. 

71. Wu Y, Zhao X, Shang Y, Chang S, Dai L, Cao A. Application-driven 

carbon nanotube functional materials. ACS nano. 2021;15(5):7946–

7974. https://doi.org/10.1021/acsnano.0c10662  

72. Taha MR, Ying T. Effects of Carbon Nanotube on Kaolinite: Basic 

Geotechnical Behavior. Anchorage, Alaska, USA. 2010. 

73. Chappell MA. Solid-Phase characteristics of engineered 

nanoparticles. In: Linkov I, Steevens J, eds., Nanomaterials: Risks 

and Benefits. NATO Science for Peace and Security Series C: 

Environmental Security. Springer; 2009. https://doi.org/10.1007/978-

1-4020-9491-0_8  

74. Garboczi EJ. Concrete nanoscience and nanotechnology: definitions 

and applications. In: Bittnar Z, Bartos PJM, Němeček J, Šmilauer V, 

Zeman J, eds., Nanotechnology in Construction 3. Springer, Berlin, 

Heidelberg; 2009. https://doi.org/10.1007/978-3-642-00980-8_9  

75. Akiladevi D, Basak S. Carbon nanotubes (CNTs) production, 

characterization and its applications. Int J Adv Pharm Sci. 

2010;1:187–195. 

76. Prajapati SK, Malaiya A, Kesharwani P, Soni D, Jain A. Biomedical 

applications and toxicities of carbon nanotubes. Drug Chemical 

Toxicol. 2022;45(1):435–450. https://doi.org/10.1080 

/01480545.2019.1709492  

77. Mattson MP, Haddon RC, Rao AM. Molecular functionalization of 

carbon nanotubes and use as substrates for neuronal growth. J 

Molecul Neurosci. 2000;14(3):175–182. https://doi.org/10.1385 

/JMN:14:3:175  

78. Saito N, Usui Y, Aoki K, et al. Carbon nanotubes: biomaterial 

applications. Chem Soc Rev. 2009;38(7):1897–1903. 

https://doi.org/10.1039/B804822N  

https://doi.org/10.1007/s11051-021-05307-0
https://doi.org/10.1007/s11051-021-05307-0
https://doi.org/10.1021/acsnano.0c10662
https://doi.org/10.1007/978-1-4020-9491-0_8
https://doi.org/10.1007/978-1-4020-9491-0_8
https://doi.org/10.1007/978-3-642-00980-8_9
https://doi.org/10.1080/01480545.2019.1709492
https://doi.org/10.1080/01480545.2019.1709492
https://doi.org/10.1039/B804822N


Synthesis, Properties, and Applications … 

122 

Scientific Inquiry and Review 

Volume 7 Issue 3, 2023 

 

79. Bianco A, Prato M. Can carbon nanotubes be considered useful tools 

for biological applications? Adv Mat. 2003;15(20):1765–1768. 

https://doi.org/10.1002/adma.200301646  

80. Saito N, Haniu H, Aoki K, Nishimura N, Uemura T. Future Prospects 

for clinical applications of nanocarbons focusing on carbon 

nanotubes. Adv Sci. 2022;9(24):e2201214. https://doi.org/10.1002/ 

advs.202201214 

81. Mehra NK, Jain K, Jain NK. Pharmaceutical and biomedical 

applications of surface engineered carbon nanotubes. Drug Discov 

Today. 2015;20(6):750–759. https://doi.org/10.1016/j.drudis. 

2015.01.006  

82. Merum S, Veluru JB, Seeram R. Functionalized carbon nanotubes in 

bio-world: Applications, limitations and future directions. Mater Sci 

Eng. 2017;223:43–63. https://doi.org/10.1016/j.mseb.2017.06.002 

83. Wong BS, Yoong SL, Jagusiak A, et al. Carbon nanotubes for 

delivery of small molecule drugs. Adv Drug Deliv Rev. 

2013;65(15):1964–2015. https://doi.org/10.1016/j.addr.2013.08.005  

84. Zhang Y, Bai Y, Yan B. Functionalized carbon nanotubes for 

potential medicinal applications. Drug Discov Today. 

2010;15(11):428–435. https://doi.org/10.1016/j.drudis.2010.04.005  

85. Mahmood A, Saqib M, Ali M, Abdullah MI, Khalid B. Theoretical 

investigation for the designing of novel antioxidants. Canad J Chem. 

2013;91(2):126–130. https://doi.org/10.1139/cjc-2012-0356  

86. Pai P NK, Jamade S, Shah R, Ekshinge V, Jadhav N. Pharmaceutical 

applications of carbon tubes and nanohorns. Current Pharma Res. J. 

2006;1:11–15. 

87. Sun Y, Wang X, Huang Y, Pan Z, Wang L. Derivatization following 

hollow‐fiber microextraction with tetramethylammonium acetate as a 

dual‐function reagent for the determination of benzoic acid and sorbic 

acid by GC. J Separa Sci. 2013;36(14):2268–2276. https://doi.org/10. 

1002/jssc.201300239 

88. Han F, He Y-Z, Li L, Fu G-N, Xie H-Y, Gan W-E. Determination of 

benzoic acid and sorbic acid in food products using electrokinetic 

flow analysis–ion pair solid phase extraction–capillary zone 

https://doi.org/10.1002/adma.200301646
https://doi.org/10.1002/advs.202201214
https://doi.org/10.1002/advs.202201214
https://doi.org/10.1016/j.mseb.2017.06.002
https://doi.org/10.1016/j.addr.2013.08.005
https://doi.org/10.1016/j.drudis.2010.04.005
https://doi.org/10.1139/cjc-2012-0356
https://doi.org/10.1002/jssc.201300239
https://doi.org/10.1002/jssc.201300239


Hussain et al. 

123 
School of Science 

Volume 7 Issue 3, 2023 

electrophoresis. Analytica Chimica Acta. 2008;618(1):79–85. 

https://doi.org/10.1016/j.aca.2008.04.041  

89. Hui S, Das NC. Surface modified carbon nanotubes in food 

packaging.  In: Aslam J, Hussain CM, Aslam R. Surface Modified 

Carbon Nanotubes Volume 2: Industrial Applications. ACS 

Publications; 2022:199–233. https://doi.org/10.1021/bk-2022-

1425.ch009 

90. Wong SS, Joselevich E, Woolley AT, Cheung CL, Lieber CM. 

Covalently functionalized nanotubes as nanometre-sized probes in 

chemistry and biology. Nature. 1998;394(6688):52–55. 

https://doi.org/10.1038/27873  

91. Ahmadian E, Janas D, Eftekhari A, Zare N. Application of carbon 

nanotubes in sensing/monitoring of pancreas and liver cancer. 

Chemosphere. 2022;302:e134826. https://doi.org/10.1016/j. 

chemosphere.2022.134826  

92. Hussain S, Nazir K, Ata-ur-Rehman, Abbas SM. Nitrogen dioxide 

sensing technologies. In: Toxic Gas Sensors and Biosensors. 

Materials Research Foundations;2021:1–38. https://doi.org/10. 

21741/9781644901175-1 

93. Collins PG, Bradley K, Ishigami M, Zettl A. Extreme oxygen 

sensitivity of electronic properties of carbon nanotubes. Science. 

2000;287(5459):e1801.https://doi.org/10.1126/science.287.5459.1801 

94. Ivers-Tiffée E, Härdtl K, Menesklou W, Riegel J. Principles of solid 

state oxygen sensors for lean combustion gas control. Electroch Acta. 

2001;47(5):807–814. https://doi.org/10.1016/S0013-4686(01)00761-7  

95. Ong KG. Design and application of planar inductor-capacitor 

resonant circuit remote query sensors [doctoral thesis]. University of 

Kentucky; 2000.  

96. Schroeder V, Savagatrup S, He M, Lin S, Swager TM. Carbon 

nanotube chemical sensors. Chem Rev. 2018;119(1):599–663. 

https://doi.org/10.1021/acs.chemrev.8b00340  

97. Matos MA, Pinho ST, Tagarielli VL. Application of machine learning 

to predict the multiaxial strain-sensing response of CNT-polymer 

composites. Carbon. 2019;146:265–275. https://doi.org/10.1016 

/j.carbon.2019.02.001  

https://doi.org/10.1021/bk-2022-1425.ch009
https://doi.org/10.1021/bk-2022-1425.ch009
https://doi.org/10.1038/27873
https://doi.org/10.1016/j.chemosphere.2022.134826
https://doi.org/10.1016/j.chemosphere.2022.134826
https://doi.org/10.1126/science.287.5459.1801
https://doi.org/10.1016/S0013-4686(01)00761-7
https://doi.org/10.1021/acs.chemrev.8b00340


Synthesis, Properties, and Applications … 

124 

Scientific Inquiry and Review 

Volume 7 Issue 3, 2023 

 

98. Camilli L, Passacantando M. Advances on sensors based on carbon 

nanotubes. Chemosensors. 2018;6(4):e62. https://doi.org/10.3390 

/chemosensors6040062 

99. Sajid M, Asif M, Baig N, Kabeer M, Ihsanullah I, Mohammad AW. 

Carbon nanotubes-based adsorbents: Properties, functionalization, 

interaction mechanisms, and applications in water purification. J 

Water Process Eng. 2022;47:e102815. https://doi.org/10.1016/j 

.jwpe.2022.102815  

100. Chung JH, Hasyimah N, Hussein N. Application of carbon nanotubes 

(CNTs) for remediation of emerging pollutants-a review. Trop Aqu 

Soil Pollut 2022;2(1):13–26. https://doi.org/10.53623/tasp.v2i1.27 

101. Kaushik1 BK, Majumder MK. Carbon Nanotube Based VLSI 

Interconnects. Analysis and Design. Springer; 2015. 

102. Car ADV-CCB. Electronic structure at carbon nanotube tips. Applied 

Physics A. 1999;68(3):283–286. https://doi.org/10.1007/ 

s003390050889 

103. Sharma A, Kim HS, Kim D-W, Ahn S. A carbon nanotube field-

emission X-ray tube with a stationary anode target. Microelec Eng. 

2016;152:35–40. https://doi.org/10.1016/j.mee.2015.12.021 

104. Wu Z-S, Zhou G, Yin L-C, Ren W, Li F, Cheng H-M. 

Graphene/metal oxide composite electrode materials for energy 

storage. Nano Energy. 2012;1(1):107–131. https://doi.org/10.1016/j. 

nanoen.2011.11.001 

105. Matsumoto T, Komatsu T, Arai K, et al. Reduction of Pt usage in fuel 

cell electrocatalysts with carbon nanotube electrodes. Chemical 

Commun. 2004(7):840–841. https://doi.org/10.1039/B400607K 

106. Banhart F, Grobert N, Terrones M, Charlier JC, Ajayan PM. Metal 

atoms in carbon nanotubes and related nanoparticles. Int J Modern 

Phy B. 2001;15(31):4037–4069. https://doi.org/10.1142/ 

S0217979201007944 

107. Veziro TN, Barbir F. Hydrogen: the wonder fuel. Int J Hydrogen 

Energy. 1992;17(6):391–404. https://doi.org/10.1016/0360-3199(92) 

90183-W  

 

https://doi.org/10.3390/chemosensors6040062
https://doi.org/10.3390/chemosensors6040062
https://doi.org/10.53623/tasp.v2i1.27
https://doi.org/10.1007/s003390050889
https://doi.org/10.1007/s003390050889
https://doi.org/10.1016/j.mee.2015.12.021
https://doi.org/10.1039/B400607K
https://doi.org/10.1142/S0217979201007944
https://doi.org/10.1142/S0217979201007944

	SIR 7-3-7 md
	7_V7(3)7-Formatted (1)

