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In the past two decades, many of the researches have been made in the development of an innovative
electrochemical and biosensor analysis. The direct glucose oxidase (GOXx) is the most promising bio-
sensing technology for the detection of novel biomolecules. The simple method, compact design, low-
cost, high current density and low-level detection limit advantages over the promising bio-sensing
technology. The discussed fabricated electrode materials were studied through morphological (SEM,
TEM and AFM), electrochemical (Cyclic voltammetry and amperometry), the effect of pH and
electrode stabilities. In addition those, the suggested biosensors overview have been reported satisfying
long-term stability of the bio-molecules.
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1. INTRODUCTION

Carbon nanotubes have attracted in many scientific research fields such as chemistry, physics,
materials science and biotechnology due to their outstanding chemical, structural, electrical properties
and large electrode surface area for the enhancement of both electrochemical and biosensors like
analysis [1, 2]. Also great efforts have been used for the development of the simultaneous
determinations of biomolecules (Dopamine and catechol) and the bio-composite electrode fabricated
with functionalized carbon nanotube and poly(3,4-ethylenedioxythiophene) (PEDOT) [3]. Recently,
nano-size based electrode materials, which could need for the development of high, simple and
ultrasensitive bio-sensing molecules for the detection up to low sensitivity levels. The use of biosensor
modified (Fullerene-60, SWCNT and MWCNT) electrode materials registered lower ascorbic acid
current and high selectivity towards the specific bioactive compounds [4].

2. ELECTRODE CATALYSTS

2.1. Graphene based catalyst

Graphene (GR) supported multi-walled carbon nanotube (MWCNT) can be modified with
carbon ionic liquid (CILE), the modified (GR-MWCNT/CILE) electrode was applied for the
electrocatalytic activity of haemoglobin (Hb). The immobilized modified (Hb) electrode detected
lowest level (0.0153 mM™ L™ and 34.9 nM L™ ) of H,0, and NaNO, [5]. A new class of Horseradish
peroxidase (HRP) induced deposition of polyaniline (PANI) based graphene-carbon nanotube-
nafion/gold-platinum alloy modified (PANI/HRP-GE-CNT/Nafion/AuPt) composite was mainly
focused for the measurement of H,O, reduction peak currents up to lowest level (1.7 x 107" M) [6]. Zai
et al [7] have used a novel new hybrid water-dispersible sulfonated graphene sheets and oxygen
functionalized multi-walled carbon nanotube (SGSS/MWCNTs-COOH) electrode displayed good
synergetic effect. The successfully used detected lowest limit value of 4.6 nM. The improvements in
the electrochemical biosensors of the poly(diallyldimethylammonium chloride)-capped gold
nanoparticles functionalized graphene/multi-walled CNT (PDDA-AuNPs/G/MWCNTSs) composite
were attributed to the distribution of graphene in the MWCNT nanotubes. The glucose oxidase (GOD)
fabricated biosensors demonstrated satisfactory sensitive (29.72 mA M™ cm™) performance and their
LOD (48 nM) [8]. The electrochemical ELISA-like immunosensors (Horseradish
peroxidase/hydrogen peroxide) has much attention of their application for the detection of miRNA.
The electro sensitive method has been widely used for the oxidation of hydroguinone in to
benzoquinone [9]. Considerable attention has been focused for the fabrication of a new kind of
amperometric biosensor on cytochrome C (Cyt C) immobilized graphene oxide-multi-walled carbon
nanotube (GO-MWCNT) composite on the new gold electrode. The modifications of composite
electrode surface area revealed that successful formation of highly conducting MWCNT on the GO
electrode surface. The fabricated composite electrode surface was exhibited excellent current
sensitivity (0.533 pA pM™) and very low detection limit value (27.7 pM) [10].
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2.2. Metal oxides

Vilian et al [11] developed novel amperometric bio-composite sensors of functionalized
MWCNT/polymer-L-Histine/Zinc oxide nanocomposite with immobilized haemoglobin (Hb). The
immobilized, functionalized MWCNT based ZnO nanocomposite, can serve as a faster amperometric
biosensor of hydrogen peroxide (0.01 uM) and bromate (0.30 uM). Recently, molecular imprinted
polymers (MIPs) electrode is an important electrode for the modifications of MWCNT decorated with
iron oxide (FesO4@MWCNT). The proposed modified chitosan based nanocomposite, which was
characterized through X-ray diffraction analysis and scanning electron microscope (SEM), further the
electrochemical studies were characterized by the cyclic voltmmetry (Cv) and differential pulse
voltammetry (DPV) methods. The fabricated iron oxide based chitosan nanocomposite for the
detection of benzylpenicillin (1.5 x 10° mol L™) [12]. As in the field of glucose biosensors, the
electrochemical deposition of platinum nanoparticles was deposited onto MWCNTSs and immobilized
enzyme with chitosan-SiO, by the sol-gel method. The designed and developed electrode matrix was
employed for good performance to glucose (LOD = 1 uM) [13]. An interesting nanocomposite
platform containing chitosan (Chit), MWCNTSs and electrodeposited manganese oxide (MnOx) has
received much attention for the detection of a novel electrochemical sensor of chromium (Il1). The
modified nanocomposite resulted an excellent electrocatalytic (0.3 uM) property and improved their
sensitivity (18.7 nA uM™) [14].

2.3. Conducting polymers

The development of high sensitive and a stable MWCNTSs based polyaniline (MWCNTs-PANI)
composite have been prepared by in situ polymerization method. The fabricated composite revealed
that the special binding force between lactin and carbohydrates, despite of this composite provide low
level detection limit (1.0 pM) of ultrasensitive concanavalin A (Con A) [15]. Similarly, poly(Basic red
9) dye, which was electrochemically polymerized on functionalized-MWCNTSs. The composites (f-
MWCNTs/BR9) were extensively employed on their modification of the electrode surface for
improving electrochemical performance of neurotransmitters biosensors (Serotonin in borine calf
serum (BCS) and epinephrine) [16]. Zhang et al [17] have used a facile and green approach for the
polymerization of core-shell structured poly(3,4-ethylenedioxythiophene) on MWCNTSs
(PEDOT/MWCNTs). The uniformly growth of polymer composite due to the presence of n-m
interaction between PEDOT and MWCNTSs. An efficient core-shell nanofiber composite could apply
to the development of high performance of electrocatalytic biosensor applications. Polyaniline based
Prussian blue (PANI/PB) hybrid composite have emerged as a new class of materials that were
received considerable interest, because the biosensors (H,0,) showed a rapid response (0.01 mM),
high sensitivity and long term stability [18]. An easily madable, low-cost accessible and flexible
MWCNTSs based polydimethylsiloxane (MWCNTSs/PDMS) composites have been widely used for
electrochemical DNA sensors. The fabricated composites were analyzed in cyclic voltammetry (Cv)
and differential pulse voltammetry (DPV) methods, the detected DNA value of 1.3 pM [19]. The
development of hybrid based conducting polymer poly(3-methylthiophene) with MWCNT composite,
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which was immobilized with cytochrome C at neutral conditions. The mediator less biosensor catalysts
(P3-MT/MWCNT/GCE) exhibited excellent electrocatalytic activities towards H,O, and bio catalytic
determinations of nitrate ion (NO, to NO3") [20]. Goff et al [21] have reviewed on the basis of recent
advancements in the combinations of conducting polymer based single-walled carbon nanotubes
(SWCNTs) composites electrochemical biosensors properties. The conducting polymer based
composites have able to strong interaction with biomolecules and flexibility of functional materials.

2.4. Nanoparticles

Nanoparticles are interesting nanomaterials could effectively increase the surface area and
active sites of the composite electrode. The ultrasensitive electrochemical methods have received an
extension for the determinations of dimethylstilbestrol (DES) by gold nanoparticle supported
MWCNTs-Chitosan (AuNPS/MWCNTSs-CS) composite [22]. A simple, eco-friendly and low cost
methodology is an important method for the designing of MWCNTSs with silver nano particles based
on human serum albumin (AgNPS/HAS-MWCNTS). The designed hybrid (AgNPs/HAS-MWCNTS)
composites have been characterized through XRD, SEM and TEM and also recently applied in
biotechnological applications [23]. A rapid hydrothermal method, which can be developed for the
preparation of monodispersed colloidal carbon nano sphere and gold nanoparticles (AuNP/C) were
successfully assembled by self -assembled approach. The self-assembled (AuNPs/C) hybrid offer
promising template for bio-immobilization and this hybrid can be conjugated with horseradish
peroxidase-labelled antibody (HRP-Ab,-AuNPs/C) for the sensitivity analysis of protein molecules
[24]. Recently, Claussen and co-workers [25] developed a scalable nanostructure of biosensor based
multi-layered graphene petal modified with platinum nanoparticle electrode enabled a robust sensor
designed that exhibited enhanced glucose sensitivity (LOD range = 0.01 — 50 mM) and long term
stability (>1 Month). A special spontaneous redox methods promising route for the fabrications of
uniform based palladium nanoparticles (PANPs) on surfactant functionalized MWCNTSs at room
temperatures. The remarkable electrochemical properties of palladium based composite materials
suggest the possibilities of catalytic towards the oxidation of ethanol and glucose in alkaline medium
[26]. Walcarius and his co-workers have reviewed over 450 scientific articles for the stimulating
developments of nano sized materials (Carbon nanotubes and graphene oxide), nano engineered
polymers and composites. This kind of discussed functionalized and bio-functionalized nanostructured
materials contributed to the improvement of enzymatic biosensors, DNA sensors and immune sensors
etc.,[27].

2.5. Nanocomposite

A novel polyaniline decorated carbon nanotube (PANI/CNT) composites have been
successfully fabricated by electrochemical method. The amorphous and homo tubular nanostructure of
PANI-CNT/ITO composite can be used for sexually transmitted disease (STD) detection [28]. Choi et
al [29] reported on the electro generated chemiluminesence ethanol biosensor with mesoporous titania-
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nafion based carbon nanotube composite, which was immobilized with Tris(2,2’-
bipyridyl)ruthenium(11) (Rubpy)s**. In addition, the ethanol biosensors were exhibited excellent
performance in electrocatalytic activities and long term stability (2 weeks). The stepwise and self-
assembled gold nanoparticles were electrochemically deposited on poly(L-Arginine)/ MWCNTS
composite film for the determinations of casein. The P-L-Arg/MWCNTs composites have been much
attracted due to their high electrode surface area, unique electronic properties and long term stability of
the immune sensors [30]. A simple and smooth three-dimensional cauliflower like morphology of
polymer based single-walled carbon nanotube with horseradish peroxidase (Polypyrrole/SWCNT-
HRP) nanocomposite can be employed for the detection of hydrogen peroxide (H,O,) [31]. The bio-
nano hybrid film of polypyrrole (Ppy)-nafion(Nf)-functionalized f-MWCNT nanocomposite provided
a high surface area for glucose oxidation immobilization and led to outstanding electrocatalytic
properties (5 uM) [32]. The hexagonal shaped arranged titanium nitride (TiN) nanoparticle decorated
MWCNT nanocomposites were successfully synthesized by Haldorai and his co-workers [33]. The
MWCNTS/TIN nanocomposites were characterized through Raman spectrum and transmission
electron microscopy (TEM). Raman spectrum of MWCNTSs-TiN was exhibited two broad bands such
as D (1350 cm™) and G (1584 cm™) respectively and the optimized average nanoparticles (20 nm)
studied from TEM analysis. The fabricated nanocomposites have been used for nitrate detection. A
uniformly distributed and apaghetti-like morphology of MWCNT based polysulfone (MWCNT/PSf)
composites were suitable electrode materials for electrochemical sensors, which were important
processes for improving electrochemical performance [34].

3. MORPHOLOGICAL STUDIES

A new type of typical (Homogeneous bundles-like) morphology of poly(Nile blue A) based
single-walled carbon nanotube (PNb-SWCNTs) composite, which was immobilized with alcohol
dehydrogenase (ADH). The electro polymerized ADH-PNb-SWCNT/GCE composite displayed
excellent electrocatalytic activity towards the oxidation of ethanol and the unique morphological
properties of composite promising for good stability, reproducibility and higher biological activities
[35]. High densely granular structure of water soluble sulfonated polypyrrole (SPpy) supported
carboxylic based multi-walled carbon nanotube (SPpy/c-MWCNTS) composites were prepared by
chemical vapour deposition (CVD) method. The typical core-shell structures of SPpy/c-MWCNTSs
composite surface thickness (8 — 18 nm) have been estimated through high resolution transmission
electron microscope (HRTEM). The thermally (Room temperature) stabled composites were exhibited
excellent electrical conductivity [36]. On the other hand, the successful drop-casting and
electrochemical methods have been used for the fabrication of Prussian blue grafted carbon nanotube,
which can be polymerized with poly(4-vinylpyridine) composite for highly sensitive and selective
reduction of both hydrogen peroxide and reduction by amperometric method [37]. The development of
nanofiber morphology of molecular imprinted electrode decorated MWCNTSs electrode have been
prepared by the electro polymerized method, the predominant hybrid (MIP-MWCNTS) electrode,
which were the determinations of metronidazole (MNZ) [38]. The field emission-scanning electron
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microscope (FE-SEM) images of low and high magnifications of high density of the hierarchically
grown nanostructured conducting polymer (3-(5-hydroxy-1,4-dioxo-1,4-dihydronapthalene-2(3)yl))
proponic acid (JUGA) were modified on oxidized multi-walled carbon carbon nanotube (0-MWCNT)
for cancer biomarker miR-141. The modified nanostructured poly(JUG-Co-JUGA/o-MWCNT)
composite displayed the lowest detection limit and high sensitivity of targeted micro-RNA (miR-141)
[39]. Ishikawa et al [40] have prepared a single-walled carbon nanotube by chemical vapour deposition
(CVD) method. Fig.1.shows the scanning electron microscope (SEM) and atomic force microscope
(AFM) of low and high density of the streptavidin molecule on carbon nanotube showed that, there is
no significance difference in the number of streptavidin molecules.
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Figure 1. (a) and (b) shows SEM and AFM images of carbon nanotubes after exposure to streptavidin.
("Reprinted with permission from (ACS.Nano 4 (2010) 6914-6922). Copyright (2010)
American Chemical Society”).

This is clearly indicated that, the enhanced V; shift lower density nanotube exhibited very
stronger interaction between the CNT and streptavidin molecule and the resultant detection limit value
of 1 pM.

4. SCHEME

A smooth and uniform electro polymerized (Applied potential range 0.7 — 09 V vs SCE) three
dimensional nano-microstructure of poly brilliant crystalline blue (Poly BCB) deposited on SWCNTSs.
The electro polymerized poly BCB/SWCNTs/GCE composites used as a second generation biosensors
for the analysis of hydrogen peroxide and glucose. The modified nano materials could possible
electrostatic (n-m stacking) interaction between SWCNTSs and poly BCB for dramatically improved the
biosensor performance [41]. Silva et al [42] have developed a sensitive nanostructured poly(allamine)
(PAH) based carboxylated carbon nanotube (COOH-MWCNT) composites for the testing of non-
structural 1 (NS1) dengue virus. The schematic illustrated anti-NS1/PAH/COOH-MWCNT composite
acted bifunctional agent and avoiding random immobilization nanostructured surface could be capable
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detection of diagnostic acute dengue (NS1) virus. Similarly, Othman and his co-workers [43] have
reviewed for the fabrication of functional nanostructured materials with bioactive, low cost and large
quantity in practical applications. The summarized mechanism assembly of enzyme based nanoparticle
composites for biosensors, ie the designed biosensors can conjugate with other conducting materials
like conducting polymers and biosensors, which was the interchange between the enzyme and the
deposited nanomaterials. Ma et al [44] reported the molecular imprinted polymer (MIP) electrode was
constructed on the MWCNTSs electrode for the sensitive determination of retrovirus the human
immunodeficiency virus p24 (HIV-p24). The successfully prepared MIPS/IMWCNTS/GCE electrode
exhibited a sensitive and reproducible superior electrochemical performance of HIV-p24 in human
serum sample. Carbon nanotube was functionalized with electrochemical treatment, further it
immobilized with acetylcholinesterase, the covalent linkage on the functionalised electrode.
Conducting polymer (Poly(4-(2,5-dithiophene-2-yl-1H-pyrrole-1-yl)benzenamine) has been electro
polymerized on the functionalized carbon nanotube electrode. The schematic diagram, which was
displayed the procedure for the fabrication of the proposed amperometric detection of
organophosphorus pesticides [45]. Recently, an interesting tungsten disulphide/MWCNTSs composite
received increasing attention attributed to their electrochemical synergetic and lowest level detection
of DNA biosensors [46]. Fig.2.showed that a new hybrid nanocomposite (Nickel ferrite NiFe,O,)
modified with cholesterol esterase (ChEt) and cholesterol oxidase (ChOx) have been prepared by
hydrothermal method.

Cholesterol

Fatty acid

=)
H,0, /

n-NiFe,Oy
Cholesterol-4-ene-3-one nanoparticles oo
Chitosan

Figure 2. Shows the schematic representations of hybrid nanocomposite based on hydrothermally
synthesized nanostructured NiFe,O, (n-NiFe,O4) and chitosan (CH) has been explored for
bienzyme (cholesterol esterase (ChEt) and cholesterol oxidase (ChOx)) immobilization.
("Reprinted with permission from (J. Phys. Chem. C 117 (2013) 8491-8502). Copyright (2013)
American Chemical Society”).
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The nanocrystalline novel biocompatible ChEt-ChOx/nNiFe,O4-CH/ITO bio electrode explored
large surface area, high conductivity and good biocompatibility for biomedical (Cholesterol biosensor)
applications [47].

5. ELECTROCHEMICAL STUDIES

Electrochemical analysis is one of the most versatile electroanalytical techniques, which will
give useful information in the mechanism of all electrochemical reactions. Li et al [48] developed a
novel cost effective, simple and reproducible nafion coated xylose dehydrogenase (XDH) supported
multi-walled carbon nanotube (Nafion/Bacteria-displaying XDH/MWCNTSs) nanocomposite for highly
sensitive and selective electrochemical biosensor applications. In the case of electrochemical studies,
Nafion/Bacteria-displaying XDH/MWCNTs nanocomposite, the peak current was significantly higher
than the unmodified electrode. Randviir and his co-works [49] pioneered the use of screen printed
electrode for the detection of both synthetic capsaicin and chili extracted capsaicin. Here,
electroanalytical techniques (Cyclic voltammetry and electrochemical impedance spectroscopy), which
were applied most appropriate method of the characteristics of peak currents and their charge transfer
resistance (Rct) values up to low level concentrations of capsaicin. Zhang et al [50] developed novel
graphite and heat-treated-SWNT modified electrode towards the electrochemical oxidation and
determinations of ascorbate in the rat brain. From the voltammetry analysis, the demonstrated
ascorbate oxidations at heat-treated SWNT modified electrode (Fig.3b) were obviously more negative
those than graphite-modified (Fig.3a) electrode. This was clearly indicated that, faster electron-transfer
Kinetics of the ascorbate oxidation.

10 ' ' = i |
(a) U m
< ;!
N EN! —
—~ < |
D_ -5
of [— — | s
— "m0 —‘.’IIJIJ | 0 I 21:10 460
E/mV vs. Ag/AgCl E/mV vs. Ag/AgCl

Figure 3. Shows typical cyclic voltammogram obtained (a) Graphite-modified and (b) Heat-treated
SWNT modified electrodes in 0.10 M phosphate buffer (pH 7.0) in the absence (dotted lines)
and presence (solid lines) of 0.5 mM ascorbate. Scan rate, 50 mV s™*. ("Reprinted with
permission from (Anal. Chem., 77 (2005) 6234-6242). Copyright (2005) American Chemical
Society™).
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Recently, there has been a considerable interest for the development of
cobalt(Il)phthalocyanine-multi-walled carbon nanotube (CoPc-MWCNTs/GC) modified electrode by
the drop coating method. The demonstrated electrocatalytic properties of CoPc-MWCNTS/GC
modified electrode showed pairs of redox peaks and the successive addition of amperometric response
of ascorbic acid (LOD = 1.0 x 10°® M) [51]. Munge et al [52] have used Horseradish based randomly
aligned non-oriented MWCNTS electrode, the optimized remarkable detection limit value of 1.5 nM
and their electrical conductivity provided large surface area facilitated faster electron transfer and
excellent electrocatalytic activity towards hydrogen peroxide sensor. Bizid et al [53] established
dispersed MWCNTs have been modified with ferrocene-poly(Para-phenylene) composite. The
modified nanocomposites (MWCNTs/Fc-PPP), which were immobilized with ssDNA probes for the
sensing of DNA hybridization up to 1.6 pM and their linear range of detection limit up to 100 pM. A
novel topological structure of polymer-ferrocene terminated hyper branched polyurethane (HPU-Fc)
based electrodes were good candidates for the key role in the design and engineering of non-enzymatic
glucose sensor. The designed accurate and highly sensitive HPU-Fc film electrode significantly
employed for the determination of glucose in blood serum sample [54].

5.1. Effect of pH

The globular shape fiber-like and stack-like structure of polymeric form of xanthurenic acid
(PolyXa) and Flavin adenine dinucleotide (FAD) have been successfully fabricated on MWCNTSs by
different prepared (Electrochemical) methods for the electrochemical determinations of reduced (-
nicotinamide adenine dinucleotide (NADH) and hydrogen peroxide (H,O;), which was immobilized
with polyXa/FAD before and after the adsorption of CNTs. The surface confined process more stable
in various scans rates and their optimized different pH values. From the voltammetric analysis of
PolyXa/[FAD/MWCNTs composite displayed in different pH (From 1 - 13) and their formal redox
potential value of both polyXa and FAD exhibited at -69 mV pH-1 and -48.2 mV pH-1 respectively
[55].

5.2. Amperometry (i-t)

In most of the cases, acid functionalized MWCNTSs have been temporarily dispersed in water
for the modification on the bare (Working electrode) surface by drop cast method. The backbone
structured conducting polymers ((Poly[3-(3-N,N-diethylaminopropoxy)thiophene] (PDAOT), Poly[3-
(3’-thienyloxy)propane  sulfonate] (P3TOPS) and  poly[2,5-bis(3-sulfonatopropoxy)-1,4-
ethylphenylene-alt-1,4-ethynylphenylene] (aPPE)), which could form a strong interaction with
SWCNT. The resulted conjugated poly electrolyte based SWCNT composites could exhibited high
sensitive and increased their electrode surface area for the development of amperometric detection of
glucose molecule [56]. Wang et al [57] have developed a unique and ultrasensitive nano fiber
membrane based poly(acrylonitrile-co-acrylic acid) (PANCAA) were deposited on MWCNTSs by
electrospun method for the electrocatalytic oxidations of glucose (GOx) (Fig.4). The covalently
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glucose immobilized PANCAA/MWCNT composite was characterized by chronoamperometry
method, the fabricated composite enhanced the maximum current value of GOx. Xu et al [58] cast the
multi-walled carbon nanotubes on a surface of glassy carbon electrode. The demonstrated
electrochemical and electrocatalytic activity amperometric response of H,O, in the linear range from 4
uM to 2 mM and their LOD value was 1 uM. Batra et al [59] have synthesized smooth (Net-like) and
globular structural morphology of graphene oxide nanoparticles (GrONPs) decorated with pencil
graphite electrode (PGE) by electrodeposition method and investigated their electrode properties for
amperometric detection of lactate biosensors (LOD = 0.1 uM). The lactate hydrogenase immobilized
GrONPs/PGE composite’s stabilities were tested for 60 days, only 25 % of lost from the initial
electrocatalytic activities.
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Figure 4. (a) SEM images of electrospun nanofibrous membranes of MWCNT filled PANCAA and
(b) Chronoampeometric curves with glucose concentrations on the MWCNT-filled PANCAA
(PANCAA/MWCNT) nanofibrous membrane deposited electrode. ("Reprinted with permission
from (J. Phys. Chem. C 113 (2009) 2955-2960). Copyright (2009) American Chemical

Society”).

On the other hand, Li and his co-workers [60] demonstrated that a unique electronic and
electrocatalytic properties of remarkable synergetic augments on the current (LOD = 0.5 uM) response
by the development of MWCNTs based phosphomolybdic acid (PMoj;) composite film cast on
pyrolytic graphite electrode (PG). The cyclic stability of the PG/IMWCNTs/PMo;, composite was
observed over 100 cycles, only 85% retained of the initial electrocatalytic activity for the
determination of bromate sensors. Nano bio-composite like glucose oxidase (GOx) and horseradish
peroxidase (HRP) have been developed on the carboxy modified MWCNT and polypyrrole (PPY)
electrode for amperometric detection of bi-enzymatic sensor applications. These kinds of attempts
have been made, when bi-enzymatic nano bio-electrode GOx-HRP/MWCNTSs/PPY/ITO were
exhibited three times higher electrocatalytic activity than mono-enzymatic bio-electrode (GOx-
HRP/MWCNTS/PPY/ITO) [61].
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5.3. Electrode stability

Sun and his co-workers [62] have overviewed significant effort for the development of
hierarchically structured porous materials exhibited outstanding properties like high surface area, good
accessibility and enhanced mass transport (Diffusion, migration and convection) properties. Recently,
they highlighted more literatures for the strategy of synthesis hierarchically porous dimensions like
materials by various template methods. Herein, these kinds of porous based materials were applied in
various applications such as energy conversion, catalysis and sensing of biomedicine. Carbon nanotube
epoxy composite (CNTEC) hybrid materials as a new electrode with improved microbial bio-sensing
properties. As a result, the Pseudomonas fluorescence immobilized CNTEC composite was exhibited
high current values (2 to 3 folds) and good operating stability [63].
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Figure 5. (a) TEM photographs of PVDF—-MWCNT-PtNP hybrid nanofibers (b) Electrochemical
H,0, selectivity of biosensor and (c) Electrochemical long-term storage stability in response to
5 mM H,0,. ("Reprinted with permission from (ACS Appl. Mater. Interface 6 (2014) 7563-
7571). Copyright (2014) American Chemical Society”).

During the electrospun method for the fabrication of nano fibrous membrane based B-phase
polyvinylidine difluoride (PVDF) decorated MWCNTSs and platinum nanoparticles (PtNPs). In this
fabricated PVDF-MWCNT-PtNPs nano fibrous membrane matrix revealed a stable current response
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over long period test and rapid current enhancement for the reduction of hydrogen peroxide (H,O,)
(Fig.5), the displayed lowest detection limit value of 0.61 uM [64]. The perspectives of functionalized
MWCNTs based polypyrrole (PP) composites were greatly electrodeposited on pencil graphite
electrode (PEG) dependent on its DNA biosensors for the determinations of anticancer drug of 6-
mercaptopurine [65].

6. CONCLUSIONS

The current developments of multi-walled carbon nanotubes based modified composite
electrodes were focused on their unique morphology, physiochemical and electrochemical bio-sensing
properties. The best strategies of this overview, the combined methodology of theoretical and
fundamentals electrochemical (Biosensors) analysis and simple method for the fabrications of novel
type of composite materials. To date, abundant methods and several of the electrode materials have
been developed and used in both academic and research laboratory for biosensor based electrochemical
sensor technology. Among these, only we have discussed the recent advances in the
fabrications/modifications of biosensor using MWCNTSs (Carbon) based composites.
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