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ABSTRACT

Carbon nanotubes (CNTs) are needle-like potential carriers of bioactive including drug, genes and proteins. This review considers several techniques
that have been developed for fabricating, purifying and functionalizing CNT structures. Commonly, three techniques are being used for producing
CNTs: the carbon arc-discharge technique; the laser-ablation and chemical vapor deposition (CVD) technique. Carbon nanotube usually contains a
large amount of impurities such as metal particles, amorphous carbon, and multishells. So purification is needed before attachment of drugs onto
CNTs. Depending on technique of their synthesis and types of nano tubes, there are many different methods and procedure for purification. Almost all
purification procedures have the following main steps: deletion of large graphite particles and aggregations with filtration, dissolution in appropriate
solvents to eliminate catalyst particles (concentrated acids as solvent) and fullerenes (use of organic solvents), and microfiltration and
chromatography to size separation and remove the amorphous carbon clusters. Generally there are two methods of carbon nanotube purifications
these are chemical method and physical methods. Raw carbon nanotubes have highly hydrophobic surfaces, and are not soluble in aqueous solutions.
For medical applications, surface chemistry modifications or functionalization is required to solubilize CNTs in aqueous solvent, improve

biocompatibility and to decrease the toxicity of CNTs to the normal cells.
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INTRODUCTION

Delivering of drugs to the target site is a major problem in
treatment of many diseases by using conventional methods. This
approach is also characterized by limited effectiveness, poor
bio-distribution, and lack of selectivity. These limitations and
drawbacks can be overcome by using control and targeted drug
delivery systems. In controlled and targeted drug delivery
systems, the drug is transported to the site of action thus; its
influence on vital tissues and undesirable side effects can be
minimized. In addition, advanced and targeted drug delivery
systems can protect the drug from rapid degradation or clearance
and enhance drug concentration in target tissues enabling
economical utilization of important drugs.'

Such controlled and targeted therapy can be achieved through

nanosized structures; such as Liposomes, solid lipids
nanoparticles, dendrimers, polymers, nanoemulsions,
nanocapsules, nano fibers, ceramic nanoparticles, metalic

nanoparticles and carbon nanotubes (CNT)that deliver drugs to
specific sites.”

These nanosized structures have unique physical and chemical
properties such as large specific surface area, excellent electrical
and thermal conductivity and high mechanical strength. Their
size also allowing them to penetrate through network of vessels
to a target site and their non-immunogenicity and
biocompatibility such and other characteristics make them
preferable drug delivery systems.>*

Carbon nanotubes (CNTs) are needle-like potential carriers of
bioactive including drug, genes and proteins.’ This paper
examines several techniques that have been developed for

fabricating CNT structures which mainly involve gas phase
processes. Commonly, three techniques are being used for
producing CNTs: the carbon arc-discharge technique; the laser-
ablation and chemical vapor deposition (CVD) technique.*’In
addition, this review focuses on the different methods of
purification of CNTs before attachment of drugs onto CNTs.

PRODUCTION OF CARBON NANOTUBES

Commonly, three techniques are being used for producing
CNTs: the carbon arc-discharge technique; the laser-ablation
and chemical vapor deposition (CVD) technique.®’

Arc Discharge Method

The arc discharge methods for carbon nanotubes productions
was firstly used by Sumiolijima in 1991, and he used, two
graphite rods that are placed in an enclosure that is filled with
some inert gas (like helium or argon) at low pressure (between
50 and 700 mbar). The carbon rods act as electrodes which are
kept at different potentials. The anode is moved close to the
cathode until an arc appears and the electrodes are kept at the
distance of 1 mm for the whole duration of the process that takes
about one minute. After cooling of the chamber the nanotubes
together with the by-products, can be collected.®

By this method, best quality nanotubes were produced by
passing a current of about 50-100 amps between two graphite
electrodes in an atmosphere of helium. This causes the graphite
to vaporize where some of it is condensing on the walls of the
reaction vessel and some other portion on the cathode. It is the
deposit on the cathode which contains the carbon nanotubes.’
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Single-Walled Carbon Nanotubes (SWCNTs) are produced
using catalysts such as: Co and Ni or some other metal which
are added to the anode as shown in Figure 1. Carbon nanotubes
can also be made by passing a carbon-containing gas, such as a
hydrocarbon, over a catalyst. These particles catalyze the
breakdown of the gaseous molecules into carbon, and a tube
then begins to grow with a metal particle at the tip.'”"" The
advantage of catalytic synthesis over arc-evaporation is that it
can be scaled up for volume production.

|
- anode
-~
—— catalyst DC power
graphite + supply
rods ~ plasma _
\ CNT
| cathode
buffer
- T

Figure 1: Schematic diagram of an arc-discharge system.'?
Laser Ablation Method

In 1995 Richard E. Smalley and his group used for the first time
laser ablation to grow high quality nanotubes. In this method as
depicted in Figure 2 intense laser pulses ablate a carbon target
which is placed in a tube-furnace heated to 1200°C. During the
process some inert gas like helium or argon flows through the
chamber to carry the grown carbon nanotubes to the cooler
collector. After the cooling of the chamber the nanotubes and
the by-products, like fullerenes and amorphous carbon over-
coating on the sidewalls of nanotubes can be collected.'® The
laser is then focused onto a carbon targets containing 1.2 % of
cobalt/nickel with 98.8 % of graphite composite that is placed in
a 1200°C quartz tube furnace under the argon atmosphere (~500
Torr) as shown in Figure 2.'*

Nanometer-size metal catalyst particles are formed in the plume
of vaporized graphite. They catalyze the growth of SWCNTSs in
the plasma plume, but many by-products are formed at the same
time. As the vaporized species cool, small carbon molecules and
atoms quickly condense to form larger clusters. The catalysts
also begin to condense, but more slowly at first, and attach to
carbon clusters and prevent their closing into cage structures.
From these initial clusters, tubular molecules grow into single-
wall carbon nanotubes until the catalyst particles become too
large, or until conditions have cooled sufficiently that carbon no
longer can diffuse through or over the surface of the catalyst
particles."”

The SWCNTs formed in this case are bundled together by van
der waals forces. The nanotubes and by-products are collected
via condensation on a cold finger downstream from the target. In
principle, arc discharge and laser ablation are similar methods,
because both used a metal-impregnated graphite target (anode)
to produce SWCNTs, and both produce multiple wall carbon
nano tube (MWCNTs) and fullerenes when pure graphite is
used. But the length of MWCNTs produced through laser
ablation is much shorter than that produced by arc discharge

method. The quantity and quality of produced carbon
nanotubes depend on several factors such as the amount and
type of catalysts, laser power and wavelength, temperature,
pressure, type of inert gas, and the fluid dynamics near the
carbon.'®
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Figure 2: Schematic diagram of the laser ablation apparatus.'*
Chemical vapor deposition

The other method for production of CNTs is chemical vapor
deposition (CVD). CVD method has been used first for the
production of carbon filaments however, it was utilized to grow
MWCNTSs since 1993.5 There are different techniques of CVD
for carbon nanotube growth such as plasma enhanced CVD,
thermal CVD, alcohol catalytic CVD, laser assisted CVD and
aero-gel supported CVD. Thermal CVD method will be
explained below in details."”

Carbon nanotube growth includes two main steps; the first one
is the catalyst preparation and the other one is the nano tube
growth on this catalyst. In order to synthesis nano catalyst
particles, a thin film layer can be used by annealing or a catalyst
can be synthesized by some chemical methods. At the first step,
prepared catalyst sample is placed in a quartz tube which is in a
furnace and the temperature is set to a desired point. During the
increase of the temperature to the set point, an inert gas flow
takes place through the tube to prevent the oxidation of samples.
When the furnace reaches to the desired temperature a
preannealing can be done with H, to reduce catalyst nano
particles from oxide form to metal form. The other step is
sending hydrocarbon gas to the system as a carbon precursor.
Generally used hydrocarbon gases are CHy, C,H,, C,H,, and
C¢Hg¢ for carbon nanotube growth. During growth process,
hydrocarbon gas decomposes and carbon deposits onto the
catalyst. Carbon has a low solubility in these metals at high
temperature and therefore the carbon precipitates to form carbon
nanotubes.'®

In this method the main parameters for CNTs growth are the
catalyst system, temperature, composition and the flow rate of
the carrier and hydrocarbon gases.' In CVD method transition
metals such as Fe, Co, and Ni are used as catalyst to synthesize
CNTs. As support, inorganic porous materials such as silica
(Si0,), alumina (ALO;) and magnesium oxide (MgO) are
generally used.?

CVD is the most preferred method to produce carbon nanotubes,
because this method is performed at low temperature compared
with the other methods. The other reason is this method allows
controlling the diameter of CNTs by controlling catalyst
nanoparticles size. It is also easy to perform CVD process and

20



Yonas Brhane & Tesfaye Gabriel. Int. Res. ]. Pharm. 2016, 7 (7)

suitable method for large scale production.”** The schematic
illustration of CVD system is depicted in Figure 3.
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Figure 3: A schematic illustration of a Chemical vapor deposition
System.”

CHARACTERISTICS OF
FABRICATIONS

CARBON NANOTUBE

Arc-discharge and laser ablation employs solid-state carbon
precursors to provide carbon sources needed for nanotube
growth and involve carbon vaporization at high temperatures.
These methods are well established in producing high-quality
and nearly perfect nanotube structures, despite large amounts of
byproducts associated with them. Chemical vapor deposition
(CVD) utilizes hydrocarbon gases as sources for carbon atoms
and metal catalyst particles as “seeds” for nanotube growth that
takes place at relatively lower temperatures. Nonetheless, arc-
discharge and laser ablation techniques haveproduced SWCNTSs
with impressively narrow diameter distributions. CVD methods
have come a long way from producingcarbonfibers, filaments,
and multiwall carbon nanotube to the synthesis of SWCNTs
with high crystalline and perfection comparable to those of arc
and laser materials, as revealed by electrical transport and
microscopy and spectroscopy measurements.”

As compared with laser ablation, CVD is an economically
practical method for large-scale and quite pure CNT production
and so the important advantage of CVD are high purity obtained
material and easy control of the reaction. The relative ease with
which one can set up a CVD system also makes of it the most
promising route for the mass production of CNTs.?

Table 1: Summary and comparison of the three most common carbon nanotube synthesis methods®

Method Arc discharge Laser ablation CvVD
Yield rate >75% >75% >75%
SWCNT or MWCNT Both Both Both
Advantage Simple, inexpensive Relatively high purity Simple, low temperature, high purity, large-
scale production, aligned growth possible
Disadvantage High temperature, Method limited to the lab scale, Synthesized CNTs are usually MWCNTs,
purification required, Crude product purification defects
tangled nanotubes required

CARBON NANOTUBE PURIFICATION

Carbon nanotube usually contains a large amount of impurities
such as metal particles, amorphous carbon, and multishells. So
purification is needed before attachment of drugs onto CNTs.
Depending on technique of their synthesis and types of nano
tubes, there are many different methods and procedure for
purification. Almost all purification procedures have the
following main steps: deletion of large graphite particles and
aggregations with filtration, dissolution in appropriate solvents
to eliminate catalyst particles (concentrated acids as solvent) and
fullerenes (use of organic solvents), and microfiltration and
chromatography to size separation and remove the amorphous
carbon clusters. Generally there are two methods of carbon
nanotube purifications these are chemical method and physical
methods.

Chemical Purification

The most commonly used chemical purification involves the
oxidation of synthesized CNTs in both wet and dry conditions.
The wet condition generally refers to the oxidation using a
solution of concentrated acids or strong oxidants; while the dry
condition mainly refers to the oxidation by air, oxygen, or other
gases at a controlled temperature. Oxidation may lead to tips’
opening of the carbon nanotube.”

Liquid (wet) phase oxidation reagents

The most homogeneous oxidation takes place in solutions where
the CNTs can be well dispersed. The most commonly used

oxidation reagents for this method of oxidation is acid refluxing.
And the processes are as follow:Boil the CNTs in strong acid is
effective in reducing the amount of metal particles and
amorphous carbon. Acids that commonly used were
hydrochloric acid (HCI), nitric acid (HNOs) and sulphuric acid
(H,S0,).20%7

It is the most commonly applied methods for purification and it
involves treatment of the CNTs with oxidizing acids such as
HNO; and/or H,SO,. CNTs are subjected to acid refluxing in
concentrated acid to dissolve metal particles and carbon
impurities, together with some chemical surface modification.
The duration of oxidation as well as the reflux temperature is the
crucial factors that determine the effectiveness of the removal of
catalyst particles. Prolonged refluxing at high temperatures and
acid concentrations will normally attack the defective sites of
the CNT surfaces; this will result in the shortening and
destruction of the structure, whereas the exposure of CNTs to a
short period of acid refluxing, low acid concentration, and low
temperature results in the incomplete removal of the metal
particles. Most studies showed that employed acid refluxing
treatment for shorter duration (~30min) in concentrated nitric
acid effectively dissolve the metal particles and open the tube
tips without causing significant structural damages to the
CNTs.>

Oxidants that are commonly used in the purification of carbon
nano tubes include potassium permanganate (KMnOy),
hydrogen peroxide (H,O,) etc.”’ Carbon surfaces have been
oxidized using metal cations of sufficiently high oxidation
potential. The extent of oxidation depends on the redox potential
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of the system and also on the structural features of the
nanotubes.”’

The purification with liquid phase oxidation always leads to
surface chemical modification on CNTs. Many studies have
shown that CNTs can be cut into short fragments by acid
modification in which length distributions become narrow.>

For many industrial applications, particularly in the production
of electronic devices, require short undamaged CNTs in order to
place nanotubes with a specific band gap and precise length in a
well-defined location on the substrate. In addition to this
modification of the nano tube by functional groups like
carboxylic acids, aldehyde, alcohol, and other oxygenated
functional groups would be a useful modification for dru,

delivery since, this type of functional group were water soluble.

Gas phase oxidation reagents

Among the gas phase oxidation, air oxidation is the most
commonly applied procedure in CNTs purification. Thermal air
oxidation is useful in reducing the amount of amorphous carbon
and metal catalyst particles. Optimal oxidation condition is
found to be at 673 k for 40 min. Dynamic oxidation allows for
an efficient removal of carbonaceous impurities without
significant loss of nanotube.*'

The oxidation of amorphous carbon in gas phase is
advantageous against wet oxidation, because it is more
controllable. Unlike liquid phase oxidation, gas phase oxidation
preferentially oxidizes CNTs without introducing sidewall
defects. Gas phase purified nanotubes to align in tight bundles
that are well separated from each other and do not form clusters
as observed in acid-oxidized SWCNTSs. Moreover, the procedure
does not require complex apparatus, and no filtration or other
separation is needed after purification.*?

Physical Purification

To reduce the damage caused by direct oxidation,
nonconventional methods such as ultrasoniction, filtration, and
chromatography have been used to purify CNTs.****

Filtration

Filtration with membranes of narrow pore size distribution has
been developed to separate the CNTs from impurities and also
to fractionate the nanotubes by length.*Filtration using
membranes with different pore diameters in sequence from the
largest to smallest in the cross-flow system is useful. In such a
way, no oxidative treatment was required. Since all large
aggregates were retained by the larger pore size membranes,
whereas CNTs were retained on the smaller pore size
membranes. In this manner, the CNTs, polyhedral nanoparticles,
and large aggregates were separated from each other during the
filtration. However, this filtration has some disadvantages as it
leaves some amorphous particles stuck to the nanopores. It was
also found that this method is less effective for low quality
CNTs, such as those generated by arc-discharge.*®

Sonication

Sonication has been identified as one of the effective processes
to purify the amorphous impurities when the CNTs were treated
with high-energy ultrasound in the presence of the suitable
solvents such as dichloromethane and O-dichlorobenzene.
During Sonication, the solvent molecules are able to interact
with CNTs and hence lead to solubilization. It was observed that
the sonicated carbon nanotubes demonstrated a very high

concentration of defects such as bending and bucking while the
outer graphite layers were gradually striped off, giving rise to
the thinning of the nanotubes. CNTs produced by these methods
appeared shorter due to the Sonication-induced nanotube
cutting, and the tips opening of the CNTs are also observed.”’

Chromatography exclusions

Purification and length separation of CNTs can be achieved
through  chromatography.  High  performance  liquid
chromatography (HPLC) and size exclusion chromatography
(SEC) are the most commonly used techniques which are
successful in length separation. SEC separation can be carried
out without or with the assistance of reagents to improve the
CNT dispersion in common solvent.?

FUNCTIONALIZATION OF CARBON NANOTUBES

Raw carbon nanotubes have highly hydrophobic surfaces, and
are not soluble in aqueous solutions. For medical applications,
surface chemistry modifications or functionalization is required
to solubilize CNTs in aqueous solvent, improve biocompatibility
and to decrease the toxicity of CNTs to the normal cells.**There
are a number of approaches for functionalization of CNTs but
the common used approaches are covalent and non-covalent
functionalizations.”

Covalent functionalization of carbon nanotubes

Functionalized carbon nanotubes have been developed by
various covalent reactions and oxidation methods. CNT
oxidation is carried out with oxidizing agents such as nitric acid,
oxygen, air, concentrated sulfuric acid, aqueous hydrogen
peroxide.

During the process, carboxyl groups are formed at the ends of
tubes as well as at the defects on the sidewalls. The extent of the
induced carboxyl group functionality depends on the oxidation
procedures and oxidizing agents.***CNT permitted the
incorporation of different functional groups on the nanotube
which could be further derivatized.*

Surface modification of CNTs with functional moieties is a key
step to extend their biological and industrial applications.
Surface functional groups can alter the surface charge,
functionality, and reactivity of the surface and enhance the
stability and dispensability of CNTs. For example,
functionalization of MWCNTs with the -COOH moiety can
change the wettability of MWCNTSs from hydrophobicity to
hydrophilicity and provide active sites for further conjugation.*

Studies shows that surface modifications, in particular, the
addition of carboxyl groups to MWCNTs will reduce or
eliminate the bioactivity of the CNTs in macrophages exposed
in vitro.* The removal of surface amorphous carbon and residual
metals in MWCNTs was approached through hydrochloride
(HCI) refluxing treatment and MWCNTSs were functionalized
with the “COOH moiety via nitric acid oxidation. Studies of the
bioactivity of the MWCNTs were conducted using primary
alveolar macrophages (AM) isolated from mice and compared to
differentiated cells with respect to toxicity and activation of the
NLRP3 inflammasome. HCl refluxing was used to remove
amorphous carbon and the residual Ni catalyst as shown in
Figure 4. It is known that a large number of defects exist on the
surface of amorphous carbon, which facilitates relatively easy
adsorption of hydroxyl groups onto it during HCl reflux
treatment.*?
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Figure 4: Schematic illustration of multiple wall carbon nano tube purification and sidewall functionalization.*®
Note: “M” refers to any metals and “n” refers integer numbers.

On the other hand, residual metal catalysts can react with HCI to
form metal chloride. HCI is a non- oxidative acid and cannot
introduce oxygen-containing groups, but it can enhance the
exposure of amorphous carbon grafted onto the disordered
carbon, leading to increased water dispersibility. Hydroxylated
amorphous carbon and nickel chloride will remain in the liquid
phase, while the MWCNTs deposit. Hydroxylated amorphous
carbon and metal chloride are separated from MWCNTs by
centrifugation and decantation procedures.*

HNO; oxidation is a common approach that imparts the ~-COOH
functional group onto MWCNTSs because of its simplicity and
efficiency.*’“Raw” (unfunctionalized MWCNTs) and HCI-
purified MWCNTs have poor water solubility. In contrast, after
HNO, oxidation, of MWCNTs show good water solubility.**

Functionalized MWCNTSs were relatively nontoxic compared to
the raw or purified MWCNTs at high concentrations (50 pg/ml
or greater). Purification had no apparent effect on toxicity.
Studies  show  that  concentration-dependent =~ NLRP3
inflammasome activation demonstrated by particle-exposed
mice, raw MWCNTSs produced the largest response followed by
the purified MWCNTs, which was significantly lower than the
raw MWCNTs at 25 and 50pg/ml. Both forms of functionalized
MWCNTSs (“Raw” and purified functionalized MWCNTs) are
less toxic compared to either the raw or purified MWCNTs.
Phagolysosomal rupture, disruption, or possible malformation is
an initial step in the NLRP3 inflammasome activation process
and it happen if there is accumulation of raw CNTs and other
factors also.***Studies conducted on mice show that the
macrophage response to the raw MWCNTs and functionalized
raw MWOCNTs particles was exactly the same as the
corresponding purifitd MWCNT and functionalized purified
MWCNTs.*

In vitro toxicity and NLRP3 inflammasome activity results
indicated the same relational pattern among the four MWCNTs.
The raw MWCNTs were the most bioactive followed by the
purified, that were much more active than the “raw”
functionalized, followed by the purified and functionalized
being the least active.’!

Functionalization of the MWCNTs with -COOH had dramatic
effects on both the properties and bioactivity of the MWCNTs.
Raw or purified MWCNTs resuspend very poorly and form
large agglomerates even when using protein/lipid dispersants.
Therefore, the bioactivity is most likely due to these
agglomerates being taken up by macrophages rather than any

single MWCNTSs. In contrast, the functionalized MWCNTSs were
well dispersed in water and formed stable suspensions.
Furthermore, functionalization of the MWCNTs dramatically
decreased bioactivity (toxicity and activation of the NLRP3
inflammasome). The mechanism for the decrease in bioactivity
could be due to the changes in surface properties, better
dispersion, and/or differences in the extent of phagocytosis or
mechanism of phagocytosis. Clearly, the changes in surface
properties (hydrophobic to hydrophilic) had a significant impact
on dispersion status.*?

Non covalent functionalization of carbon nanotubes

In contrast to covalent functionalization, noncovalent
functionalization of CNTs can be carried out by coating CNTs
with amphiphilic surfactant molecules or polymers. Since the
chemical structure of the m- @ network of carbon nanotubes is
not disrupted, except for shortening of length due to the
Sonication employed in the functionalization process, the
physical properties of CNTs are essentially preserved by the non
covalent approach.>

It mainly involves surfactants, bio macromolecules or wrapping
with polymers. The nanotubes are enclosed by the hydrophobic
components of the related micelles and polymers can wrap
around CNTs, forming supra molecular complexes. The
noncovalent dispersion of CNT in solution allows preservation
of their aromatic structure and thus their electronic
characteristics.>*

Polyaniline, polypyrrole, polythiophene and their derivatives
have been considered as promising materials for modifying the
surfaces of CNTs and due to the existence of various oxidation
structures, electrically conducting polymers.*

Poly ethylene glycol (PEG) has been one of the most preferred
synthetic molecular species for various purposes in bio-related
applications owing to its non-toxicity as well as its good
solubility under various physiological conditions. Using
amphiphilic molecules to functionalize CNT surfaces has been
recognized as one of the most useful approaches to improve the
dispersion of CNTs in aqueous media. Park and his co-workers
described a noncovalent process for surface functionalization of
SWCNTs using amphiphilicdiblock copolymer, consisting of
hydrophilic and hydrophobic surfaces, with remarkably
enhanced solubility particularly in aqueous media.>®
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Using polymer chains to ‘wrap’ CNTs is a versatile and
effective way for CNT functionalization. In particular, block
copolymers (BCPs) may provide a series of attractive
noncovalent wrapping for the functionalization of CNTs. These
approaches can be driven by distinct interactions between CNTs
and polymers.*’

Zhang and his co-workers have investigated the effect of melt
mixing on the interaction between MWCNTSs and polystyrene
(PS) matrix. They found that the interaction between pristine
MWCNTs and PS in solution did exist but not strong enough to
allow MWCNTSs to be soluble in solvent.*®

Among the noncovalent functionalization, due to absence of
reactive groups in the functionalized CNTs, the interfacial
interaction between CNTs and epoxy is weak. Li and his groups
described that the non-covalent functionalization of MWCNTSs
by using 2- amino ethanol (H,NCH,CH,OH) in the presence of
sodium hydroxide and the application for conductive composites
with higher conductivity. The introduced amine group is
expected to react with epoxide group from epoxy prepolymer to
improve the interfacial interaction between MWCNTs and
epoxy matrix leading to efficient MWCNTs dispersion. Good
solubility of inherently insoluble CNTs in organic solvents has
been achieved through surface modification with various
homopolymers and/or block copolymers, either covalently such
as surface-targeted grafting or in situ polymerization, or
noncovalent.”

1‘ (PANHS) ~

Non-covalent functionalization to the CNT not only is a much
simpler method compared with covalent functionalization but
also has the advantage of preserving nanotube’s sp2 structure,
thus the electronic properties.

The potential use of CNTs in bio related areas has prompted
many researchers to investigate the functionalization of CNTs
with biological macromolecules such as proteins and
oligosaccharide. Noncovalent functionalization of CNTs with
bio-macromolecules, such as DNA and proteins is an additional
potential strategy to prepare new bio electronic nano materials,
which could take advantage of the molecular recognition
properties of the bound bio molecules.**Wei and his co-workers
found that a hydrophobic protein called polycyclic aromatic
nitrogen heterocycle molecules (PANHS) can be utilized for
controlled noncovalent functionalization of MWCNTs and at the
same time can be used to control the assembly of Gold
nanoparticle (AuNPs) after binding AuNPs onto the proteins.’

They also investigated the formation of MWOCNT-AuNP
hybrids by incubating protein-protected AuNPs with PANHS
functionalized MWCNTs, as indicated in Figure 5. They found
that proteins, as an intermediate that can react with both
MWCNTs and AuNPs, play a significant role for mediating the
assembly of AuNPs and formation of different hybrids based on
MWCNTs.”!
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Figure 5: Model representation for the protein-mediated formation of multiple wall carbon nano tube — Gold nanoparticle hybrids.
Functionalization of Multiple wall carbon nano tube with polycyclic aromatic nitrogen heterocyclic molecules (a), Preparation of protein-
protected Gold nanoparticles (b), Self-assembly of protein-protected Gold nanoparticle on multiple wall carbon nano tube by the
nucleophilic substitution of nitrogen heterocycle molecules group with primary and secondary amines on the surface of protein (c).*
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MEDICAL APPLICATIONS

Tremendous effort has been devoted to the development of
nanocarriers for the efficient delivery of therapeutic agents to
the targeted site.*’In chemotherapy, drug embedded nanotubes
attack directly on viral ulcers and kills viruses. No antibodies
were produced against the CNT backbone alone, suggesting that
the nanotubes do not possess intrinsic immunogenicity. In vitro
studies showed selective cancer cell killing obtained by
hyperthermia due to the thermal conductivity of CNT
internalized into those cells. The use of CNT as gene therapy
vectors have shown that these engineered structures can
effectively transport the genes and drugs inside mammalian
cells. The CNT-transported genetic material has conserved the
ability to express proteins. Detection of cancer at early stages is
a critical step in improving cancer treatment. Currently,
detection and diagnosis of cancer usually depend on changes in
cells and tissues that are detected by a doctor's physical touch or
imaging expertise. The potential for nanostructures to enter and
analyze single cells suggests they could meet this need.**Carbon
nanotubes can also be used as molecular probes, with potential
applications in scanning probe instruments, chemistry and
biology.®®

CONCLUSION

Currently, three techniques are being used for producing CNTs:
the carbon arc-discharge technique; the laser-ablation and
chemical vapor deposition (CVD) technique. Carbon nanotube
usually contains a large amount of impurities such as metal
particles, amorphous carbon, and multi-shells. So purification is
needed before attachment of drugs onto CNTs. For medical
applications, functionalization is required to solubilize CNTs in
aqueous solvent, improve biocompatibility and to decrease the
toxicity of CNTs to the normal cells.Due to rapid evolution of
complicated disease the existing methods of drug delivery and
treatment are becoming less effective. Therefore, modern health
care requires more sophisticated and effective carriers for such
problems. The present paper provides information regarding
thefabrication, purification,functionalization and medical
application ofCNT structures.
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