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Carbon- nanomaterials based electrochemical and biosensor have been taken a great attention as
robust materials for drug, pesticides and heavy metal sensing. The materials are like graphene,
reduced graphene oxide, single wall and multiwall carbon nanotubes due to their excellent
modifiable sidewalls, biocompatibility,
conductivities as well as high mechanical strength. Currently, carbon nanomaterials based
electrochemical and biosensor have great attention in the development of different types of sensor
due to the carbonic materials green preparation methods, and low cost. The aim of this review is
focus on summary including properties, fabrication method, and analytical performances of some
carbonic materials for pesticides, drugs and heavy metals sensing application.
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INTRODUCTION

Environmental pollution is a serious problem in today’s world
due to industrialization in developed and developing countries.
Different country uses industrial products like heavy metals,
herbicides and pesticides. Currently these herbicides and
pesticides are used in agricultural activities in order to increase
agricultural products by controlling herbs and insects
respectively (1). These compounds exhibit high acute toxicity,
with the majority being hazardous to both human health and
the environment (2). The determination of the level of these
toxic compounds are very important required to ensure that
environment and human health. The analytical methods like
gas  chromatography (GC), high-performance liquid
chromatography (HPLC), capillary electrophoresis and mass
spectrometry are commonly used for determination of
pesticides will not be compromised by the usage of pesticides
(3, 4, and 5). These methods are very accurate and sensitive
techniques however, these techniques have several
disadvantages; expensive instrumentation, high consumption
of toxic organic reagents, require long analysis time, Necessity
of highly trained personnel and not portable (6).

The alternative electrochemical and biosensors, they are
portable, high sensitivity, Strong selectivity, use friendly and
have a fast response (7). Currently many researchers have a
great interest to modify the surface of working electrode with
different nanomaterials. Chemically modified electrodes are
attractive in minimize interference and improve sensitivity of
sensing interface and it has capability to accumulate target
anayte from dilute solution. Among of these materials metal
oxide nanomaterials use widely in electeochemical and bio
sensor. NidhiChauhan, and Chandra ShekharPundir, (2012)
reported that metal oxide NPs have the ability to enhance
electrode conductivity and facilitate electron transfer, thus
improving analytical selectivity and sensitivity. As report
shows Fe;O4NPs has vital property of as electrochemical
biosensors is the ability to provide a favorable
microenvironment in which biomolecules (such as proteins)
may exchange electrons directly with an electrode (2).
Currently, it’s been a rapid development in environmental
monitoring, industrial product controlling and medical
technology mainly in fabricating robust and more effective
types of chemical sensor and biosensor which are capable in
detecting and measuring chemical samples or biological
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species. Carbon based nanomaterials mainly graphene, carbon
nanotubes carbon nanofibers and reduced graphene oxides
attract researcher attention due to extra ordinary properties of
carbon. There are some review papers on type’s carbon
materials but they didn’t explain preparation methods of
nanomaterials, fabrication methods and application for
electrochemical and biosensor. The aim of this paper is to
describes the physical and chemical properties, fabrication
methods and application of carbon nanomaterials for
electrochemical and biosensor.

based

Fabrication of Carbon nanomaterial

Electrochemical and Bio Sensor

Electrochemical sensors and biosensors are interesting current
research area for analyzing pesticides, drugs, heavy metals etc.
due to their high sensitivity, low cost, portability and short
response time. Bahadir and Sezgintiirk, (2015) reported about
definition and use of biosensor that biosensors are practical
and economical tools, which play important roles in the
analysis of specific compounds in biological assays. The
biological molecules which immobilized on working electrode
make interaction with analyte.

Graphene based Sensor: Jan Tkac. (2014) reported
synthesized methods graphene-based materials. Among of
these methods reduction is mostly performed thermally,
chemically or electrochemically and reduced graphene oxide
(rGO) obtained should be distinguished from “pure”
synthesized graphene. Figure 1 shows different methods for
preparation of graphene and reduced graphene oxide.
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Figure 1. A schematic illustration of possible ways for
preparation of graphene andrGO (9)

Graphene is an allotrope of carbon, whose structure is one-
atom-thick planar sheets of sp2-bonded carbon atoms that are
densely packed in a honeycomb crystal lattice. Chao etal
(2012) reported graphene-modified electrode for selective
determination of uric acid under coexistence of dopamine and
ascorbic acid was successfully determined with good peak
separation. The fabricated electrode showed linearity range,
correlation coefficient and limit of detection for uric acid were
2.00x10° to 1.20x10*mol/L, 0.9975 and 6.00x10mol/L
respectively. And they reported that Graphene possesses
outstanding characteristics such as having a large specific
surface area, excellent conductivity, and strong mechanical
strength. It has been used to prepare a new generation of
electrodes for electrochemical studies. Graphene synthesizing
methods  reported by Kasinathan and MohdZawawi (2015),
as reported in the report chemical reduction of graphene oxide

technique has attracted great interest than other methods due to
its conveniences in the large-scale production of high-quality
graphene, environmentally compassionate, time-saving, and
low-cost as well as be competent to operate under mild
condition. Graphene material makes great roles in
electrochemical sensor and biosensor application. Currently
many researchers have attention on graphene based
electrochemical and bio sensor. As reported Nurzulaikha et al
(2015), electrochemical behavior of graphenemodified
SnO,/GCE has higher electron communication than that of
SnO,/GCE and bare electrodes in dopamine solutiondue to the
large surface area, high conductivity, and catalytic activity.
Figure 2 shows good Synergistic effects aroused between
graphene and SnO, nanoparticles improved the conductive
area and facilitated the electron transfer between DA and the
modified electrode surface. Differential pulse voltammetry
(DPV) showed a limit of detection (LoD) of 1 uM (S/N = 3) in
the presence of ascorbic acid (11). The modification of bare
electrode surface area with different nanomaterials improves
selectivity and sensitivity to detect very lower concentration of
analyte which can’t detect with bare electrode. Among of
these nanomaterials, the graphene sheet at nano scale makes a
great role in fabrication of electrochemical and biosensor for
detection of anayte at very low concentration due to its high
conductivity, high surface area, easy to fabricate and its low
cost.

Schematic representation of electrocatalysis of DA at GC/G-
SnO,-modified electrode (11)
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Figure 2. Cyclic voltammetry (CV) of modified GCE in 0.1 M
PBS (pH 6.5) containing 50 uM DA at scan rate of S0 mV/s (11)

Sivaprasad et al. (2014) reported preparation, characterization,
and application of a polyaniline (PAN) and graphene
composite modified glassy carbon electrode (PAN/Gr/GCE)
for the voltammetric determination of doripenem (DPM) and
meropenem metabolites (MPM) in human urine and serum
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samples. Figure 3 shows good fabrication of PAN/Gr/GCE by
polymerization of aniline monomer on graphen modified glass
carbon electrode. In the reported work graphene considered an
excellent support material due to its high surface area to
volume ratio, remarkable mechanical stiffness and excellent
electrical conductivity, which is very beneficial in designing
electrochemical sensors. Fig.4 shows fabricated PAN/Gr/GCE
electrode for determination of doripenem and meropenem
metabolites with linear dependence of current versus
concentration was reached in a wide concentration range from
2.5x107 M to 3.5x10”" M using cyclic voltammetry and
differential pulse voltammetric methods and detection limits
3.6x10° M and 1.75x10® M for DPM and MPM respectively
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Figure 3. Schematic diagram of electrode modification process
with Polyaniline (PAN) and graphene (Gr) composites, scan rate
50 mV/S, potential applied 0-1.5V (50)
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Figure 4. DPV responses of DPM (A) and MPM (B) at PAN/Gr/GCE in
PBS buffer solution with increasing concentrations of 10-90 uM (50)

Reduced Graphene Oxide base Sensor: Recently reduced
graphene oxide (RGO) has received greater attention of
researchers in different fields due to its unique
physicochemical properties like, high surface area, easy to
functionalize with other materials and it owns high
conductivity (18). Palanisamy et al (2012) reported that
synthesized reduced graphene oxide by Hummer method the
nano sheets were wrinkled and they are uniform in size. The
reported work was reduced graphene oxide (RGO)/zinc oxide
(ZnO) composite on glassy carbon electrode (GCE) by simple
and green electrochemical approach. The modified electrode
immobilized by Glucose oxidase (GOx) for glucose sensing.
The fabricated biosensor showed good performance over an
acceptable linear range from 0.02 to 6.24 mM with a detection

limit of 0.02 mM. Reduced graphene oxides has branched
networks which wuses to connect and anchor other
nanomaterials likes semi-conductors or metal oxide
nanomaterials (18) due to this excellent properties, reduced
graphene oxides receive a great attention of researcher in the
area of modification surface area of working electrodes. The
conducting polymers and reduced graphene oxides anchor
metal oxide nanomaterials on the surface of solid working
electrode. Using these materials as electron transfer catalyst
and for anchoring other materials may increase electro transfer
communication between modified working electrode and
analyte. Nguyen et al (2015) reported reduced graphene
oxide/PANI modified GCE electrodes for H,0O, sensing
application. Figure 5 shows electrochemical behavior of
shows that net oxidation peak current of H,O, obtained at
GCE/RGO-g-PANI (2.35 mA) was approximately 8 and 7
times higher than those of bare GCE (0.30 mA) and
GCE/PANI (0.35 mA), respectively (17).
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Figure 5. (a) Electrochemical impedance spectra of bare glassy
carbon electrode (GCE), GCE/PANI and GCE/RGO-g-PANI
electrodes in 0.IMPBS at pH 6.0 containing 2.5m
M[Fe(CN)6]37 cyclic voltammograms of bare GCE and
GCE/PANI and GCE/RGO-g-PANI electrodes in 0.1 M PBS at
pH 6.0 in the (b) absence and (c) presence of 10 pMH202 at a
scan rate of 10 mV s'; (d) cyclic voltammograms of the
GCE/RGO-g-PANI composite in 0.1 M PBS at pH 8.0 in the
presence of 10 nMH,0, at different scan rates (17)

Carbon Nanotubes based Sensor: Carbon nanotubes (CNTs)
are one-dimensional (1D) carbon allotrope. Depending on the
atomic arrangement of the carbon atoms making up the
nanotube (chirality), the electronic properties can be metallic
or semiconducting in nature, making them widely used in
several applications due to their unique electrical, mechanical,
optical, thermal and other properties (12). Carbon nanotubes
consist of two types of nanotubes, which are single single-
walled carbon nanotubes (SWCNTs) and multi-walled carbon
nanotubes (MWCNTs). Figure 6 shows that SWCNTs is made
up of one layer of graphite cylinder sheet but MWCNTSs is
made up of by are concentric graphite tubules with multiple
layers of graphite sheets. Kasinathan and MohdZawawi
(2015), reported various techniques of synthesizing CNTs
such as CVD (28-30), arc discharge method (31,32),
microwave-induced method (33), hydrothermal method(34),
remote plasma enhanced chemical vapour deposition (RPE
CVD) (35,36), catalytic chemical vapour deposition CCVD
(37), induction thermal plasma (38), meso-scale simulation
(39), water assisted ethanol pyrolysis (40), formation via
microwave (MW) assisted solid state metathesis reaction
(SSM) (41), electric field induced needle-pulsed plasma (42)
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and thermo catalytic decomposition of methane (43). Single
chirality SWCNT-samples can be produce by purification of
mixed chirality samples via density-gradient centrifugation
(44, 45), ion exchange (46) or gel chromatography (47).

Carbon Nanotubes based Sensor: Carbon nanotubes (CNTs)
are one-dimensional (1D) carbon allotrope. Depending on the
atomic arrangement of the carbon atoms making up the
nanotube (chirality), the electronic properties can be metallic
or semiconducting in nature, making them widely used in
several applications due to their unique electrical, mechanical,
optical, thermal and other properties (12). Carbon nanotubes
consist of two types of nanotubes, which are single single-
walled carbon nanotubes (SWCNTSs) and multi-walled carbon
nanotubes (MWCNTs). Figure 6 shows that SWCNTSs is made
up of one layer of graphite cylinder sheet but MWCNTs is
made up of by are concentric graphite tubules with multiple
layers of graphite sheets. Kasinathan and MohdZawawi
(2015), reported various techniques of synthesizing CNTs
such as CVD (28-30), arc discharge method (31,32),
microwave-induced method (33), hydrothermal method(34),
remote plasma enhanced chemical vapour deposition (RPE
CVD) (35,36), catalytic chemical vapour deposition CCVD
(37), induction thermal plasma (38), meso-scale simulation
(39), water assisted ethanol pyrolysis (40), formation via
microwave (MW) assisted solid state metathesis reaction
(SSM) (41), electric field induced needle-pulsed plasma (42)
and thermo catalytic decomposition of methane (43). Single
chirality SWCNT-samples can be produce by purification of
mixed chirality samples via density-gradient centrifugation
(44, 45), ion exchange (46) or gel chromatography (47).

a) SWNT

Figure 6. Types of Carbon Nanotubes (a) SWNT (b) MWNT (12)

Carbon nanotubes have great role currently in the area of
fabrication electrochemical and bio sensors by modifying the
surface of working electrode. Zeid Abdullah Alothmana et al
(2010) reported some traditional methods like poly-
chromotrope 2B modified GC electrode [10], Nafion/carbon-
coated iron nanoparticles—chitosan composite film modified
electrode and Pt/Au hybrid film modified electrode and AP
(e.g., l-cysteine film modified GC electrode, carbon-coated
nickel magnetic nanoparticles modified GC electrodes, and 4-
amino-2-mercaptopyrimidine  self-assembled =~ monolayer
modified gold electrode have disadvantage; most of these
methods face oxidation of biomolecule at electrode, fouling of
electrode (due to adsorption of the oxidation products),
unstable analytical signal, require high over potential, high
detection limit, slow response and most of all are complex.
The current use of carbon nanotubes (CNTs) modified
electrodes has gained great attention in the area of the

electrochemical techniques for electronic and optoelectronic
devices, biomedical, pharmaceutical, cosmetic, automotive,
aeronautic and aerospace industries, catalytic, and analytical
chemistry (17, 18) due to their modifiable sidewalls (19),
biocompatibility (2) for electrochemical biosensor, high
stability, thermal behavior (21) which reduce short circuit
between modified electrode as sensor and analyte, high
surface area (22) which increases the electron transfer
communication. Alothmana et al (2010) reported the lower
detection limits 0.8 for dopamine(DA) and 0.6umolL " for
acetaminophen(AP), by using multiwall carbon nanotubes
modified glassy carbon electrode with good stability,
reproducibility (1.3% (DA) and 2.3% (AP)), repeatability
(1.9%) and high recovery in pharmaceutical preparation (1.7%
(DA) and 2.7% (AP)), and human serum (1.7% (DA) and 1.9%
(AP)).Simultaneous  electrochemical  determination  of
dopamine and acetaminophen using multiwall carbon
nanotubes modified glassy carbon electrode Sensors shown in
Figure 7.
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Figure 7. DPVs for the mixture containing DA and AP with
different concentrations at f- MWCNTSs modified electrode, DA
concentrations: (a) 2umol L', (b) 10 umol L',(c) 50 gmol L7,
(d) 120 umol L7, (¢) 150 umol L7, (f) 200 umol L7!; AP
concentrations:(a) 10 umol L™\, (b) 40 pmol L', (c) 80 umol L',
(d) 140 umol L', (e) 200 umol L', (f) 250 umol L™'; scan rate:
30mVs—1, pH 8.0 (18)

ZhiwenXu et al. (2019) reported an electrochemical which
fabricated Fe;O4/multiwalled carbon nanotube/laser scribed
graphene composites functionalized with chitosan modified
electrode for sensing of cadmium and lead. Figure 8 shows
sensitive  electrochemical  sensor  for  simultaneous
voltammetric sensing of cadmium and lead. The fabricated
electrochemical sensor was a highly active, sensitive, facile
and low-cost for determination of cadmium (Cd*") and lead
(Pb*") simultaneously using square wave anodic stripping
voltammetry (SWASV) with working concentration linear
range from Ito 200 pug L' and detection limit of 0.1 and 0.07
pg L for Cd*" and Pb*" (S/N = 3), respectively (25). The
hybrid materials increase the surface areaof working electrode
which may increases interaction between working electrode
and anayte. Among of these hybrid materials the multiwalled
carbon nanotubes have excellent properties for sensor
application like fast electron transfer rate, chemical stability,
capability to accumulate metal ions and increased surface area.
Ivanova et al (2011) reported a simple and reliable
amperometricacetylcholinesterase biosensor in which single-
walled carbon nanotubes and Cophtalocyanine modified
screen-printed carbon electrodes as working electrode with
working concentration range 5-50 ppb of paraoxon and 2-50
ppb of malaoxon and detection limits of 3 and 2 ppb.
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Some current carbon nano material based electrochemical and biosensor summarized in the following table.

Electrode Analyte Linear range LoD(S/N = 3) Reference
f-MWCNTs/ GCE Dopamine 3-200 umolL ™" 0.8umolL™" 18
Acetaminophen 3-300pmolL—1 0.6umolL™" 18
AChE-Fe304NPs/cMWCNTs/ITO Malathion 0.1-40nM 0.1nmolL™ 2
Chlorpyrifos 0.1-50nM 0.1nmolL™ 2
monocrotophos 1-50nM 0.1nmolL™ 2
Endosulfan 10-100nM 0.1nmolL™ 2
PANI-ES SWCNTs/GCE Malathion 2.0x107"Mto 14.0 x 107'M 2.0x10'M 27
PAN/Gr/GCE doripenem 2.5x107 M to 1.2x10* 3.5%x10° M 49
Meropenem 2.5x107 M to 1.2x10* 1.75x10° M 49
Graphene/SnO,/GCE Dopamine 1-5 uM and 5-50 uM 1 uM 11
RGO-g-PANI/GCE H,0, 0.05to 14 uM 0.37 uM 17
RGO/ZnO Glucose 0.02-6.24mM 0.02mM 16
Fe;04/MWCNTSs/LSG/CS/GCE Cd* 1to 200 pg L 0.1pgL! 25
Pb’ 1to 200 pg L 0.07 ug L' 25

Ebrahima et al (2014) reported that composite of
polyanilinenanofiber and single walled carbon nanotube
modified graphite electrode as working electrode for detection
of malathion with working concentration range from 2.0 X
107M to 14.0 x 107'M and minimum detection limit in the
linear range for the modified electrodes was 2.0 x 10°'M
malathion (27). Figure 9b indicates the reduction peak current
of the PANI-ES graphite electrode exhibits a linear
dependence on malathion concentration with increasing
concentration from 2.0 x 107 'M to 14.0 x 107 'M. Single wall
carbon nanotube uses in the area of removing environmental
pollution like pesticides due to its strong adsorption of
pesticides, having large surface area, sensitivity properties,
high  biocompatibility = during  biological = molecule
immobilization and good conductivity.

Currently these properties attract many researchers interest in
fabrication of electrochemical and biosensor with carbon
nanotubes. From the above table data the biological molecule
AChE increases the selectivity and sensitivity for detection of
malathion. The biosensor AChE-Fe;O4NPs/cMWCNTSs/ITO
has limit of detection 0.1nmolL "' which can detect at very low
concentration than that of non-enzymatic biosensor
(electrochemical sensor) PANI-ES SWCNTs/GCE with limt of
detection 2.0x 10"'M for the same anayte. Since outer part of
enzymes is covered by fats it may decrease the conductivity of
modified bare electrode with enzymes in biosensor. The
challenges may be solved by modifying the bare electrode with
different nanomaterials before immobilizing enzymes on it.
The fat part may enter in small holes of nanomaterials and the
active part of enzyme participates directly with anayte.
Therefore the enzyme part selects the anayte from the sample
of matrix which shows a good selectivity of electrochemical
biosensor for different detection and determination of analyte
with very small concentration in application area.

Conclusion

Carbon nanomaterials and other nanomaterials have been used
widely in the current development of nanomaterial based
electrochemical and biosensing system. All carbon material
based electrochemical and biosensor which were discussed in
this paper have good sensitivity, selectivity, stability and
response time. Carbon based nanomaterials are not used only
for electrochemical and biosensor application but also it may
be used in the area of battery, Capacitor and solar cells.

Recommendation

This paper focuses on physical and chemical properties,
fabrication methods and application of carbon nanomaterials
for electrochemical and biosensor. The paper describes only
carbonic materials for electrochemical and biosensor. Carbon
nanomaterials may be value for solar cell, battery and
capacitor.

REFERENCES

1. Ashish Gothwal,1Puneet Beniwal,1 Vikas Dhull,2 and
Vikas Hoodal. Preparation of Electrochemical Biosensor
for Detection of Organophosphorus Pesticides.
International Journal of Analytical Chemistry Volume

2014, Article ID 303641, 8 pages
http://dx.doi.org/10.1155/2014/303641
2. Nidhi Chauhan, Chandra Shekhar Pundir. An

amperometricacetylcholinesterase sensor based on Fe304
nanoparticle/multi-walled carbon nanotube-modified ITO-
coated glass plate for the detection of pesticides.
Electrochimica Acta 67 (2012) 79— 86.

3. Sherma, J., “Pesticides,” Analytical Chemistry, vol. 65,
no. 12, pp. 40-54, 1993.

4. Lacorte, S. and D. Barcel’'o, “Rapid degradation of
fenitrothion in estuarine waters,” Environmental Science
and Technology, vol. 28, no. 6, pp. 1159-1163, 1994.

5. Petropoulou, S.S.E., Tsarbopoulos, A. and Siskos, P.A.
2006. Determination of carbofuran, carbaryl and their
main metabolites in plasma samples of agricultural
populations  using gas chromatographytandem mass
spectrometry. Analytical and Bioanalytical Chemistry,
385:1444-1451.

6. Li, X.H.,, Xie, Z.H.,, Min, H., Xian, Y.Z., and Jin,
L.T.2007.Amperometric biosensor based
onimmobilizationacetyleholinesterase =~ on  manganese
porphyrinnanoparticlesfor detection of trichlorfon
with flow-injection analysis system. Electrochemical
analysis, 19:2551-2557.

7. Bahadir, E.B., Sezgintirk, M.K.,
Bioelectron. 68, 62-71.

8. JaroslavFilip, Jan Tkac.Is graphene worth using in biofuel
cells?ElectrochimicaActa 136 (2014) 340-354.

9. Mingyong Chao*, Xinying Ma and Xia Li Graphene-
Modified Electrode for the Selective Determination of
Uric Acid Under Coexistence of Dopamine and Ascorbic
Acid Int. J. Electrochem. Sci., 7 (2012) 2201 — 2213.

2015. Biosens.



33353

International Journal of Development Research, Vol. 10, Issue, 01, pp. 33347-33354, January, 2020

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Nurzulaikha, R., a, H.N. Lim b,c, M, I. Harrison a, S.S. Lim
a, A. Pandikumar d,?, N.M. Huang d, S.P. Lim d, G.S.H.
Thien d, N. Yusoff d, I. Ibrahim. Graphene/SnO2
nanocomposite-modified electrode for electrochemical
detection of dopamine. Sensing and Bio-Sensing Research
5(2015) 42-49.

Rajesh Purohita, Kuldeep Purohitb, Saraswati Rana, R. S.
Ranaa and Vivek Patel. 3rd International Conference on
Materials Processing and Characterisation (ICMPC 2014)
Carbon Nanotubes and Their Growth Methods, Procedia
Materials Science 6 ( 2014 ) 716 — 728.

Gao, C., Z. Guo, J.H. Liu, X.J. Huang, The new age of
carbon nanotubes: an updated review of functionalized
carbon nanotubes in electrochemical sensors, Nanoscale 4
(2012) 1948-1963.

Li, D., R.B. Kaner, Graphene-based materials, Nat.
Nanotechnol. 3 (2008) 101.

Bavani Kasinathanl,a and RuznizaMohd Zawawi2,b
Carbon-based Nanomaterials for Drugs Sensing: A
Review, Materials Science Forum Vol. 807 (2015) pp 13-
39 © (2015) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/MSF.807.13

Selvakumar Palanisamy, A.T. EzhilVilian, Shen-Ming
Chen. Direct Electrochemistry of Glucose Oxidase at
Reduced Graphene Oxide/Zinc Oxide Composite
Modified Electrode for Glucose Sensor. International
Journal of Electrochemical Science, 7 (2012) 2153 —
2163.

Van Hoa Nguyen a,b,[], Charmaine Lamiel a, Dian
Kharismadewi a, Van Chinh Tran a, Jae-Jin Shima.
Covalently bonded reduced graphene oxide/polyaniline
composite for electrochemical sensors and capacitors.
Journal of Electroanalytical Chemistry, 758 (2015) 148—
155.

Broza, G., K. Piszczek, K. Schulte, T. Sterzynski,
Nanocomposites of poly(vinyl chloride) with carbon
nanotubes (CNT), Comp. Sci. Tech. 67 (2007) 890-894.
Griese, S., D.K. Kampouris, R.O. Kadara, C.E. Banks, A
critical review of the electrocatalysis reported at C60
modified electrodes, Electroanalysis 20 (2008) 1507—
1512.

Hu, C., S. Hu, Surface design of carbon nanotubes for
optimizing the adsorption and electrochemical response of
analytes, Langmuir 24 (2008) 8890-8897.

Dalton, A.B., S. Collins, E. Munoz, J.M. Razal, V.H.
Ebron, J.P. Ferraris, J.N. Coleman, B.G. Kim, R.H.
Baughman, Super-tough carbon-nanotube fibres, Nature
423 (2003) 703.

Biercuk, M.J.,, M.C. Llaguno, M. Radosavljevic, J.K.
Hyun, J.E. Fischer, A.T. Johnson, Carbon nanotube
composites for thermal management, Appl. Phys. Lett. 80
(2002) 2767-2769.

Haider, S., S.Y. Park, K. Saeed, B.L. Farmer, Swelling
and  electroresponsive  characteristics of  gelatin
immobilized onto multi-walled carbon nanotubes, Sens.
Actuators B-Chem. 124 (2007) 517-528.

Ivanova, A.N. b, R.R. Younusova, G.A. Evtugyna,[], F.
Arduinib, D. Mosconeb, G. Palleschi b.
Acetylcholinesterase biosensor based on single-walled
carbon nanotubes—Co phtalocyanine for
organophosphorus pesticides detection. Talanta, 85
(2011) 216-221.

Shaker Ebrahima,[], Radwa El-Raeyb, Ahmed Hefnawya,
HeshamlIbrahimb,MoatazSolimana, Tarek M. Abdel-
Fattahc.Electrochemical sensor based on

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

polyanilinenanofibers/single wallcarbon nanotubes
composite for detection of malathion. Synthetic Metals
190 (2014) 13-19.

Chandrakishore, S. and A. Pandurangan, Synthesis and
characterization of Y-shaped carbon nanotubes using
Fe/AIPO4 catalyst by CVD Chem. Eng. J. 222 (2013)
472-4717.

Jung, Y. J. Song, W. Huh, D. Cho, and Y. Jeong,
Controlling the crystalline quality of carbon nanotubes
with processing parameters from chemical vapor
deposition synthesis, Chem. Eng. J. 228 (2013) 1050—
1056.

Paul S. and S. K. Samdarshi, A green precursor for carbon
nanotube synthesis, New Carbon Mater. 26 (2011) 85-88.
Xu, K.,Y. Li, C. Xu, J. Gao, H. Liu, H. Yang, and P.
Richard, Controllable synthesis of single-, double- and
triple-walled carbon nanotubes from asphalt, Chem. Eng.
J.225(2013) 210-215.

Dresselhaus, M. S., G. Dresselhaus, and P. Avouris,
Carbon Nanotubes: Synthesis, structure, properties, and
applications, Topic in applied physics, Springer, Berlin
(2000).

Masinga, S. P., E. N. Nxumalo, B. B. Mamba, and S. D.
Mhlanga,  Microwave-induced  Synthesis of -
cyclodextrin/N-doped carbon nanotube polyurethane
nanocomposites for water purification, Phys. Chem. Earth,
Parts A/B/C, 67-69 (2014) 105-110.

Manafi, S., H. Nadali, and H. R. Irani, Low temperature
synthesis of multi-walled carbon nanotubes via a
sonochemical/hydrothermal method, Mater. Lett. 62
(2008) 4175—4176.

Wei, L.,S. Bai, W. Peng, Y. Yuan, R. Si, K. Goh, R. Jiang,
and Y. Chen, Narrow-chirality distributed single-walled
carbon nanotube synthesis by remote plasma enhanced
ethanol deposition on cobalt incorporated MCM-41
catalyst, Carbon N. Y., 66 (2014) 134-143.

Ohashi, T. R. Kato, T. Ochiai, T. Tokune, and H.
Kawarada, High quality single-walled carbon nanotube
synthesis using remote plasma CVD, Diam. Relat. Mater.
24 (2012) 184-187.

Pirard, S. L., A. Delafosse, D. Toye, and J. P. Pirard,
Modeling of a continuous rotary reactor for carbon
nanotube synthesis by catalytic chemical vapor
deposition: Influence of heat exchanges and temperature
profile, Chem. Eng. J. 232 (2013) 488-494.

Shahverdi A. and G. Soucy, Counter-current ammonia
injection flow during synthesis of single-walled carbon
nanotubes by induction thermal plasma, Chem. Eng. Sci.
104 (2013) 389-398.

Cheng, C., S. T. S. Bukkapatnam, L. M. Raff, and R.
Komanduri, Towards control of carbon nanotube synthesis
process using prediction-based fast Monte Carlo
simulations, J. Manuf. Syst. 31 (2012) 438-443.

Ren, F., S. A. Kanaan, M. M. Majewska, G. D. Keskar, S.
Azoz, H. Wang, X. Wang, G. L. Haller, Y. Chen, and L.
D. Pfefferle, Increase in the yield of (and selective
synthesis of largediameter) single-walled carbon
nanotubes through water-assisted ethanol pyrolysis, J.
Catal. 309 (2014) 419-427.

Safavi A. and M. Sorouri, Multiwalled carbon nanotube
wrapped hydroxyapatite, convenient synthesis via
microwave assisted solid state metathesis, Mater. Lett. 91
(2013) 287-290.

Kia, K. K. and F. Bonabi, Using hydrocarbon as a carbon
source for synthesis of carbon nanotube by electric field



33354

Samuel Chufamo Jikamo et al. Current development carbon material based electrochemical and bio sensors review

40.

41.

42.

induced needle-pulsed plasma, Thin Solid Films. 534
(2013) 162-167.

Saraswat, S. K. and K. K. Pant, Synthesis of carbon
nanotubes by thermo catalytic decomposition of methane
over Cu and Zn promoted Ni/MCM-22 catalyst, J.
Environ. Chem. Eng. 1 (2013) 746-754.

Ghosh, S., S. M. Bachilo, and R. B. Weisman, Advanced
sorting of single-walled carbon nanotubes by nonlinear
density-gradient ultracentrifugation, Nat. Nanotechnol. 5
(2010) 443-450.

Arnold, M. S., A. A. Green, J. F. Hulvat, S. 1. Stupp, and
M. C. Hersam, Sorting carbon nanotubes by electronic
structure using density differentiation, Nat. Nanotechnol.
1 (2006) 60-65.

skokskoskosk kook

43.

44,

45.

Liu, H., D. Nishide, T. Tanaka, and H. Kataura, Large-
scale single-chirality separation of single-wall carbon
nanotubes by simple gel chromatography, Nat. Commun.
2(2011) 309.

Moshammer, K., F. Hennrich, and M. M. Kappes,
Selective suspension in aqueous sodium dodecyl sulfate
according to electronic structure type allows simple
separation of metallic from semiconducting single-walled
carbon nanotubes, Nano Res. 2 (2009) 599—-606.
Sivaprasad M, Swarupa Ch, Dhananjayulu M, Jayapal MR
and Sreedhar NY. Graphene and Polyaniline Composite
Modified Glassy Carbon Electrode for Electrochemical
Determination  of Doripenem and  Meropenem
Metabolites. Analytical & Bioanalytical Techniques,
2014, 5:3.



