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Abstract

Carbon nanotubes (CNTs) are allotropes of carbon with a nanostructure which will have a length-to-diameter
quantitative relation bigger than 1,000,000. Techniques are developed to supply nanotubes in sizeable quantities,
together with arc discharge, optical device ablation, and chemical vapor deposition. Developments within the past few
years have illustrated the possibly revolutionizing impact of nanomaterials, particularly in medical specialty imaging,
drug delivery, biosensing, and also the style of practical nanocomposites. Strategies to effectively interface proteins with
nanomaterials for realizing these applications still evolve.

The high surface-to-volume quantitative relation offered by nanoparticles resulted within the concentration of
the immobilized entity being significantly beyond that afforded by different materials. There has conjointly been AN
increasing interest in understanding the influence of nanomaterials on the structure and performance of proteins. varied
immobilization strategies are developed, and particularly, specific attachment of enzymes on carbon nanotubes has
been a crucial focus of attention. With the growing attention paid to cascade catalyst reaction, it's attainable that
multienzyme coimmobilization would be one among ensuing goals within the future. During this paper, we tend to

concentrate on advances in methodology for catalyst immobilization on carbon nanotubes.
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Introduction

Diamond and plumbago are thought of as 2 natural crystalline
styles of pure carbon. In diamond, carbon atoms exhibit pairing,
within which four bonds are directed towards the corners of a daily
tetrahedron. The ensuing three-dimensional network (diamond) is
extraordinarily rigid, that is one reason for its hardness. In plumbago,
pairing happens, within which every atom is connected equally to a
few carbons (120°) within the plane, and a weak bond is gift within
the axis. The set forms the hexangulare (honeycomb) lattice typical
of a sheet of plumbago [1]. A brand new sort of carbon, Buckminster
C, was discovered in 1985 by a team headed by Korto and coworkers
[2]. Besides diamond, graphite, and C, quasi-one-dimensional carbon
nanotube is ANother sort of carbon initial reportable by Ijima in
1991 once he discovered multiwalled carbon nanotubes (MWCNTSs)
in carbon soot created by an arc-discharge methodology [3]. Carbon
nanotubes (CN'Ts) are allotropes of carbon. CNTs are hollow in form,
fabricated from plumbago. The tubes contained a minimum of 2 layers,
typically more, and ranged in outer diameter from concerning 3nm to
30nm. Concerning 2 years later, he created the observation of single-
walled carbon nanotubes (SWCNTs) [4]. At concerning constant
time, Dresselhaus et al., synthesized single-walled carbon nanotubes
by constant route of manufacturing MWCNTs however adding some
transition metal particles to the carbon electrodes [5].

Structure and Morphology

Comprised entirely of carbon, the structure of pure SWCNT will
be envisioned as folded hollow shell of graphene sheet that is formed
of aromatic hydrocarbon sort hexangulare rings of carbon atoms.
Graphene sheets are seamless cylinders derived from a honeycomb
lattice, representing one atomic layer of crystalline plumbago. A
MWCNT may be a stack of graphene sheets rolled up into concentrical
cylinders. Every carbon nanotube may be a single molecule composed
of lots of atoms and also the length of this molecule will be tens of
micrometers long with diameters as tiny as 0.7 nm [6-11].

In addition to the 2 completely different basic structures, there
are 3 completely different attainable forms of carbon nanotubes.

These 3 forms of CNTs are armchair carbon nanotubes, zigzag carbon
nanotubes, and chiral carbon nanotubes. The distinction in these forms
of carbon nanotubes are created looking on however the plumbago
is “rolled up” throughout its creation method. the selection of rolling
axis relative to the hexangulare network of the printed symbol sheet
and also the radius of the closing cylinder permits for various forms of
SWCNTSs [12-15].

Properties

The strength of the carbon-carbon bonds offers carbon nanotubes
superb mechanical properties. No previous material has displayed
the mix of superlative mechanical, thermal, and electronic properties
attributed to them. Their densities will be as low as one. 3 g/cm’ (one-
sixth of that of untarnished steel) [16]. CNTs Young’s moduli (measure
of fabric stiffness) are superior to any or all carbon fibres with values
bigger than 1TPa that is around 5x beyond steel [17]. However, their
strength is what extremely sets them apart. Carbon nanotubes are the
strongest materials ever discovered by humanity.

The highest measured strength or breaking strain for a fullerene
was up to 63 GPa that is around fifty times beyond steel [17]. Even the
weakest forms of carbon nanotubes have strengths of many touchstones
[18]. Besides that, CNTs have smart chemical and environmental
stability and high thermal conduction (~3000 W/m/K, corresponding
to diamond). These properties, in addition to the lightness of carbon
nanotubes, provide them nice potential in applications like region.
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The electronic properties of carbon nanotubes are extraordinary. It’s
high electrical conduction (comparable to copper). Particularly notable
is that the proven fact that nanotubes will be gold or semiconductive.

The rolling action breaks the symmetry of the coplanare system
and imposes a definite direction with relevance the hexangulare lattice
and also the axial direction. Looking on the connection between this
axial direction and also the unit vectors describing the hexangulare
lattice, the nanotubes could behave electrically as either a metal or a
semiconductor. semiconductive nanotubes have bandgaps that scale
reciprocally with diameter, starting from around one.8 eV for terribly
tiny diameter tubes to zero.18eV for the widest attainable stable
SWCNT [19]. Thus, some nanotubes have conductivities beyond that
of copper, whereas others behave a lot of like atomic number 14. there’s
nice interest within the chance of constructing nanoscale electronic
devices from nanotubes. There are many aras of technology wherever
carbon nanotubes are already being employed. These embody flat-panel
displays, scanning probe microscopes, sensing devices, and electric cell
[20].

Carbon Nanotubes Synthesis Techniques

High-quality carbon nanotube materials square measure desired
for each basic and technological applications. top quality refers to the
absence of structural and chemical defects over a major length scale
(e.g., 1-10 microns) on the tube axes [21]. The quantity of patents and
publication on the synthesis of fullerene is increasing apace. But there
square measure several challenges remaining that have to be resolved
concerning synthesis of CNT. Currently, there square measure four
main challenges within the field of carbon nanotube synthesis. (a)
Production, that is, the event of inexpensive, large-scale processes
for the synthesis of high-quality nanotubes, together with SWCNTs.
(b) Selective production, that is, management over the structure and
electronic properties of the created nanotubes [22]. (c) Organization,
that is, management over the situation and orientation of the created
nanotubes on a flat substrate. (d) Mechanism, that is, the event of an
intensive understanding of the processes of carbon nanotube growth.
The expansion mechanism continues to be a topic of contention, and
over one mechanism can be operative throughout the formation of
CNTs [23].

A variety of techniques are developed to supply CNTs and MWNTs
with totally different structure and morphology in laboratory quantities.
There square measure 3 strategies unremarkably wont to synthesize
CNT: arc discharge [20,21], optical maser ablation [22], and chemical
vapor deposition (CVD) [23-26]. The fundamental components for the
formation of nanotubes square measure catalyst, a supply of carbon,
and adequate energy. The common feature of those strategies is addition
of energy to a carbon supply to supply fragments (groups or single C
atoms) which will recombine to get CNT. The energy supply could also
be electricity from associate degree arc discharge, heat from a chamber
(~900°C) for CVD, or the high-intensity lightweight from an optical
maser (laser ablation) [27].

Arc Discharge and Optical Maser Vaporization

Arc discharge and optical maser ablation were the primary
strategies that allowed synthesis of SWCNTs in comparatively
massive (gram) amounts. Each strategy involves the condensation of
hot vaporized carbon atoms generated from the evaporation of solid
carbon [27]. For the expansion of single-wall tubes, a metal catalyst is
required within the arc-discharge system [28]. The expansion of high-
quality SWCNTs at the 1-10g scale was conjointly created employing

a laser-ablation (laser oven) methodology [22]. Besides the laser-oven
methodology, there square measure reports concerning usage of a
typical industrial continuous wave -laser system for production of
SWCNTs [29]. Even so, the instrumentality needs and also the great
deal of energy consumed by these strategies create them less favorable
for carbon nanotube production. With the arc and optical maser
strategies, solely powdery samples with nanotubes tangled into bundles
may be created. The common feature of arc discharge and optical maser
ablation strategies is that they would like for prime quantity of energy to
induce the reorganization of carbon atoms into CNTs. The temperature
used is even beyond 300°C, that is useful permanently crystallization
of the CNTs, thus, the product square measure invariably created with
smart carbon alignment. However, the fundamental needs of those
systems, together with vacuum conditions and continuous carbon
target replacement, cause difficulties to the large-scale production of
CNTs [30].

There square measure 2 main carbon sources for the synthesis of
CNTs-using CVD method: fossil-based organic compound and plant
primarily based organic compound. Organic compound was long and
wide used because the typical carbon supply within the field of CNTs
analysis. Gas becomes the foremost desirable carbon supply to several
researchers. As a result of its stability at warm temperature against
self-decomposition, alkane series chemical {process, chemical change,
chemical action} decomposition by transition metal catalyst particles is
that the dominant process in carbon nanotubes growth. Besides alkane
series many different carbon species like alkyne, benzene, xylene,
toluene, and then forth, are used as a carbon feedstock to synthesize
CNTs. These carbon precursors square measure associated with fossil
fuels and in sight of the too little obtainable in close to future and
its environmental effects, it’s necessary to contemplate developing
chemical element materials from the natural resources. Efforts square
measure currently directed to the employment of nonpetroleum
product. Syntheses of CNTs from natural precursors square measure
rare, however, over the past many years natural renewable resources
became a lot of engaging thanks to their environmental advantages
and lower price. One such considerable effort is to use nondegradable
polymers for synthesis of CNTs. There are reports on the employment
of natural precursor such as: natural resin , turpentine oil , essential oil,
aperient , copra oil , and vegetable oil for synthesis of CNTs. printed
knowledge show that, some researchers have used waste cookery
vegetable oil because the biocarbon precursor in their studies. Waste
vegetable oil, that is way more cost-effective than virgin edible fat, may
be a promising various to edible fat for CNT production. Suriani and
coworkers reported the employment of waste cookery vegetable oil
for the synthesis of vertically aligned carbon nanotubes (VACNT).
The result showed that the complicated composition of the waste oil
(leaching of fats and different hydrocarbons from the deep-fried
objects) failed to have an effect on the synthesis method [29-35].

In recent years, efforts are dedicated to explore the potential
biological applications of CNTs, impelled by their attention-grabbing
size, shape, and structure, also as engaging optical and electrical
properties. First, with all atoms exposed on the surface, SWNTs have
ultrahigh area (theoretically 1300 m*/g) that allows economical loading
of multiple molecules on the length of the carbon nanotube sidewall.
Second, supramoleculare binding of aromatic molecules may be simply
achieved by - stacking of these molecules onto the polyaromatic surface
of nanotubes. It's been incontestable that biological and bioactive species
like proteins, carbohydrates, and nucleic acids may be conjugated
with carbon nanotubes [36]. Each noncovalent and valence methods
are explored to engineer the interface between biological molecules
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and CNTs with the goal of conserving the purposeful properties of
the biomolecules. The biomolecule immobilization on the sidewall of
the CNTs, and a lot of curiously within the CNTs has been reported
in each procedure and experimental fields. supported these exciting
observations and potential applications, the conformational changes
of biomolecules in these confined environments tend to be of nice
significance principally as a result of these conformational changes
littered with the biomolecules-CNT interactions may directly impact
their biological functions [37].

However, the atomic details of the interactions at the molecular
level, and also the dynamic mechanisms of the biomolecules-CNT
systems square measure still difficult thanks to the complexness of
the bio macromolecules. The interaction between nanostructured
materials and living systems is of basic and sensible interest and can
verify the biocompatibility, potential utilities, and applications of novel
nanomaterial in biotechnological processes. However, the studies on
the CNT-organic nanoparticle hybrid architectures square measure
poorly developed relatively. For instance, there aren’t enough studies on
the influence that the nanomaterial properties (such as composition,
morphology, and surface chemistry) ware the structure and
performance of conjugated proteins. the foremost necessary parameter
all told such studies is that the kind of carbon nanotubes used, that
is set by (i) the preparation and producing method followed; (ii) the
structural characteristics of the CNTs; (iii) the surface characteristics
of the CNTs and also the characteristics of the purposeful teams at
the surface of CNTs. Interactions with cells have to be compelled to
be performed mistreatment biocompatible CNTs, achieved by either
valence or noncovalent surface functionalization to supply soluble
CNTs.

The NonCovalent Immobilization

The noncovalent approach is taken into account to be a splendid
technique, as a result of there’s less distortion of the conformational
structure of the immobilized enzymes. In most cases the interaction
between the macromolecule and also the CNTs involves the physically
absorbable of themacromolecule onto the CNTs. The surfaceassimilation
of macromolecule onto the CNTs involves each hydrophobic and static
interaction [21]. Pristine CNTs being extremely hydrophobic can
contribute to hydrophobic interaction through interaction of the facet
chains of hydrophobic amino acids of the proteins with the sidewall
of CNTS. As for the static interaction, the electrons on the surface
of the CNTs can act with the electrons of the aromatic ring of amino
acids (e.g., essential amino acid and tryptophan). Except static and
hydrophobic interaction, chemical element bonds, and nonspecific
surface assimilation may also play a task for protein surface assimilation
onto CNTs. The surface assimilation usually involves bathing the CNTs
in an exceedingly resolution of the protein and shaking the sample to
permit time for the physical surface assimilation onto the surface to
occur so remotion away protein that’s not absorbable. This method may
be distributed by direct physical surface assimilation onto CNTs (direct
physical surface assimilation) or adsorption with the help of geare like
polymers, surfactants, and linking molecules (specific adsorption). As
CNTs have a natural affinity for various proteins, the surface assimilation
is spontaneous once proteins are available in contact with CNTs in an
exceedingly resolution and follows a pseudosaturation behavior [14].
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