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Abstract- A graphite pencil electrode was used as a working electrode in the analysis of
dopamine and serotonin by voltammetric techniques. The electrochemical investigations were
carried out at a graphite pencil electrode at a scan rate of 0.05 Vs-1 in a 0.2 M phosphate
buffer solution. The electrochemical behavior of dopamine shows two redox pairs while the
electrooxidation of serotonin shows irreversible behavior at a graphite pencil electrode at a
scan rate of 0.05 Vs-1. A graphite pencil electrode shows excellent results for dopamine and
serotonin when combined and acts as very good sensor for dopamine in the presence of
serotonin.
Keywords- Graphite pencil electrode, Dopamine, Serotonin, Simultaneous, Sensor
1. INTRODUCTION
Dopamine and Serotonin are two important monoamine neurotransmitters and involved in
a variety of central nervous system functions [1]. Dopamine (DA) is fascinated in a
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divergence of physiological, behavioral, and endocrine functions [2,3]. These systems are
believed subsequent critically significant in both the pathophysiology and the
pharmacotherapeutics of a number of intellectual disorders, including Parkinson’s epidemic,
neurosis, drug abuse, schizophrenia, attention-deﬁcit hyperactivity disorder (ADHD) and
Tourette syndrome [2–4]. Restless legs sickness [5] and added heart rate, renal weakness and
blood pressure have been discovered to involve elevated levels of dopamine response in the
mesolimbic pathway and cut down levels of dopamine in the prefrontal cortex [6,7].
Likewise, serotonin is also a very important neurotransmitter involved with depression,
anxiety, panic, aggression, dominance, obsessions, punishment, analgesia, behavioral
inhibition, rhythmic motor activity, feeding, and more [8]. Less is known about how it works
and what its function is than is known about dopamine, partly because there are at least 15
different serotonin receptors currently known [9] (there are only 5 DA receptors [10]). Many
researchers hypothesize that an imbalance in serotonin may lead to depression in certain
individuals [11]. Both DA and 5-HT are well oxidised, hence, electrochemical techniques
have been extended for their analysis and design [12–18]. Modiﬁed carbon paste electrodes
(MCPE), sensitive [19,20], pretreated carbon paste electrodes, polymer modified electrodes
and
fullerene-C60 coated gold electrode have all been used for the detection of
neurotransmitters. Such investigations have been conducted sensitively and simultaneously in
vitro [21-23] for individual analysis of DA in vitro [20-22], for 5-HT at single-walled carbon
nanotube modiﬁed glassy carbon electrode [24] and for sensitive determination of 5-HT both
in vivo and in vitro [25-27]. Selective determination of DA and 5-HT has further been
pertinent, for both emerge together in biological systems. Selective measurement of the
neurotransmitters in vivo has been extremely unsuccessful discipline to the inability of the
electrodes occupied to diverge the potential of these species signiﬁcantly enough to allow for
indisputable discrimination. Reports of the simultaneous detection of DA and 5-HT on
graphite electrodes pasted on by carbon have furthermore been studied [17]. However, part of
modifiers have been used for simultaneous measurement of DA and 5-HT levels which have
tested and proved of greater worth because of their coexistence in biological systems. Some
major problems have regularly been encountered in the determination of DA and 5-HT
concentrations. One was the voltammetric responses of DA and 5-HT which interfere
mutually each other. Therefore sensitivity is a key to the simultaneous detection of DA and 5HT. These facts have assured electrochemists to materialize faster, simpler and more
sensitive techniques to approach the distinct demands and many works have been published
describing the measurement of serum DA and 5-HT concentrations via chemically modiﬁed
electrodes [28-34]. The graphite pencil electrode (GPE) has been used effectively as a
biosensor in the novel electroanalytical techniques [35-38]. GPE has a larger active electrode
surface area and is therefore efficient to detect low concentrations and/or volume of the
analyte [39]. The researcher concluded that the GPE, is commonly a carbon based electrode,
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it is less expensive, more useful, and more easily renewable compared to the other electrodes
as CPE or GCE [40,41]. Recently, DA in presence of 5-HT at various carbon based
electrodes was modified with different modifiers were reported results showed low limit of
detection and peak potential difference between DA and 5-HT was high [42,43]. This type of
electrode has been effectively used in the study of various neurotransmitters and drugs [4449]. The simultaneous determination of this neurotransmitter without modifier has been an
important knock the chip off one shoulder in the work of electrochemical research.
In this research, a graphite pencil electrode was used to produce the DA and 5-HT yield
of two well-deﬁned oxidation peaks at 0.184 V and 0.360 V respectively. Moreover, the
oxidation peak currents of DA and 5-HT increase signiﬁcantly at the GPE when the scan rate
is increased. A direct electrochemical approach for the simultaneous discretion of DA and 5HT concentrations has been developed and the new procedure possesses more advantageous.

2. EXPERIMENTAL SECTION
2.1. Materials
The commercially available pencil-lead rods were HB 0.5 mm in diameter and 6cm
length (Camlin Ltd, Mumbai) purchased from a local bookstore was used without
purification. A 25 mM DA (Himedia) stock solution was prepared in 0.1 M of perchloric acid
solution. A 25 mM stock solution of 5-HT (Sigma) was prepared in double distilled water.
The buffer used was 0.2 M PBS of pH 7. The chemicals mentioned ahead were generally of
analytical grade used without further purification. Water used in the preparation of solutions
was double distilled water.
2.2. Apparatus
The electrochemical experiments were carried out via a CH Instrument model 660c. The
electrode system containing the working electrode consisted of a graphite pencil electrode
(0.5 mm in diameter), a platinum counter electrode and a saturated calomel reference
electrode.
2.3. Graphite pencil as working electrode
The commercially available pencil-lead rods were purchased from the local book stores
and used as electrode [50]. The length of the electrode surface was covered by cello tape and
one end of the pencil electrode was connected to the copper wire. And other end of the
electrode was made to dip in the analyte for analysis without any modification to the
electrode.
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3. RESULTS AND DISCUSSION
3.1. Electrochemical behavior of standard potassium ferricyanide system at GPE
The freshly prepared 1 mM potassium ferricyanide and 1 M potassium chloride solutions
were situated in the electrochemical cell. Fig. 1 shows the cyclic voltammogram recorded for
the 1 mM of potassium ferricyanide at the GPE at a scan rate of 0.1 Vs-1. The redox peak
current signals were observed at the GPE. The scan rate was increased for potassium
ferricyanide at the GPE in terms to suggest the surface area using the Randles-Sevick
equation (1) [22]. The surface area obtained for the GPE was 2.2 mm2. The graph of the
logarithmic cathodic peak current vs the logarithmic scan rate for the GPE was plotted (Fig.
2) and the slope obtained is 0.42, which shows conclude agreement with the theoretical value
of 0.5 for a diffusion-controlled reaction [51], which summarize that the electrode process
was controlled by the diffusion of the analyte.
Ip=2.69×105×n3/2×A×D01/2 × ν1/2×C0*

(1)

Where, Ip - peak current, n - number of electrons involved in the electrochemical
reaction,
A - surface area, D0 - diffusion coefficient, ν - scan rate, C0* - concentration of
analyte.

Fig. 1. Typical cyclic voltammogram for the determination of 1 mM Potassium ferricyanide
in 0.1 M Potassium chloride solution at graphite pencil electrode with the scan rate of 0.1
Vs-1
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Fig. 2. (A) Cyclic voltammograms for the determination of 1 mM Potassium ferricyanide in
0.1 M Potassium chloride solution at graphite pencil electrode with different scan rates from
0.05 to 0.6 Vs-1; (B) Graph of the log Ipc vs log ν

3.2. Electrochemical behavior of DA at GPE
Fig. 3 showed the cyclic voltammogram of 10 µM of DA in 0.2 M PBS at pH 7.0 on the
surface of the GPE at a scan rate of 0.05 Vs-1. Two pairs of redox peaks imply the DA. This
shows that the graphite material in the pencil was acting as an electrode by transferring the
electron through its accessible site. The DA at the GPE shows its anodic peak potential Epa1
at around 0.16 V and another peak potential Epa2 was found at 0.48 V. The cathodic peak
potential Epc1 was at 0.096 V and another reduction peak Epc2 was found at -0.25 V. The
electrochemical oxidation of DA at the bare carbon paste electrode shows one peak and one
reduction [19-22] and at the GPE shows two oxidations and two reduction peaks; this could
be due to slow electron transfer from DA to dopaquinone. The redox reaction was explained
as follows: The DA oxidized and converted to dopa-o-quinone (Epa1 and Epa2) in the forward
scan while, in the reverse scan, the DA remained unoxidised (Epc1 and Epc2). This is because
the electron-rich nitrogen atom becomes deprotonated, leading to the formation of a cyclized
product known as lucodopachrome (Scheme 1) [40,52-56].
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Fig. 3. Typical cyclic voltammogram for the determination of 10 µM DA in 0.2 M PBS pH
7.0 at graphite pencil electrode with the scan rate of 0.05 Vs-1

Scheme 1. Electrochemical oxidation mechanism of DA

3.3. Effect of scan rate towards the electro-oxidation of DA at GPE
To study the scan rate effect of DA at the GPE, voltammograms were recorded for
different scan rates. Fig. 4A shows the cyclic voltammograms recorded for 10 µM of DA in
0.2 M PBS at pH 7.0 at different scan rates at the GPE. The redox peak currents increased
with the increase in the scan rate from 0.01 V to 0.2 V for the GPE. As the scan rate
increased, the second oxidation peak disappeared and the graph of the logarithmic anodic
peak current (log Ipa1) vs the logarithmic scan rate (log ν) was plotted for the GPE as shown
in Fig. 4B. The determined slope was 0.7745, which shows a close agreement with the
theoretical value of 1 for an adsorption-controlled process [51].
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Fig. 4. (A) Cyclic voltammograms of 10 µM DA with different scan rates (0.01 to 0.2 Vs-1)
for the graphite pencil electrode in 0.2 M PBS at pH 7.0; (B) Graph of the log Ipa1 vs log ν

3.4. Effects of DA concentration on the surface of the GPE
The concentration effect of the DA was studied at the GPE in 0.2 M of PBS as supporting
electrolyte at pH 7.0. Fig. 5A shows the voltammogram recorded for different concentrations
of DA at the GPE. The oxidation and reduction peak currents increased with the increase in
the concentration of DA. It was noticeable that the Epc2 was unable to form at lower
concentrations of DA. At lower concentrations there is no second reduction peak for DA. At
lower concentrations (5 µM), the amounts of oxidized molecules again reduced and may not
be available for a ring-closing process. When the concentration was increased to 30 µM the
oxidized molecules reduced and unreduced molecules were further reduced to
lucodopachrome. The calibration graph was plotted between the anodic peak current (Ipa1) vs
different concentrations of DA varying from 10×10-6 to 3×10-4 M (Fig. 5B). There was a
dramatic enhancement in the anodic peak current (Ipa1). The anodic peak current was
proportional to the concentration of DA but the better linearity occurred in the range from
10×10-6 to 10×10-5 M (Fig. 5C). The graph shows good linearity with a correlation coefficient
of 0.999. The linear regression equation for the DA anodic peak current is Ipa1 (µA)=0.0069
(CµM/L)+2.4×10-7 (A). The limit of detection and limit of quantification were expected by
using the equations given below (2) and (3) respectively [20,55]. The limits of detection and
quantification were 3.9 µM and 13 µM respectively.
LOD=3S/M
LOQ=10S/M
Where S is standard deviation and M is the slope of calibration plot.

(2)
(3)
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Fig. 5. (A) Cyclic voltammograms for variation of DA concentration from 10 to 300 µM at
the graphite pencil electrode in 0.2 M PBS at pH 7.0. Scan rate 0.05 Vs-1; (B) Graph of the
Ipa1 vs. DA concentration in the range 10 to 300 µM; (C) Graph of the Ipa1 vs. DA
concentration in the range 10 to 100 µM

3.5. Effect of solution pH
The electrochemical response of DA was consistently pH dependent. The first oxidation
peak potentials became less positive with an increase in the pH values at GPE. At GPE the
anodic peak potential of DA shifted from 0.38 V to -0.037 V with respect to a pH of between
4 and 10. From Fig. 6 shows the diagram of the anodic peak potential vs pH of the solution.
The graph has good linearity with a slope of 0.061 V/pH. This behavior essentially obeys the
Nernst Equation for reactions involving an equal number of electron and proton transfers
[56-59].

Fig. 6. Graph of Epa1 vs pH for 10 µM DA at graphite pencil electrode from pH range 4 to 10
with scan rate 0.05 Vs-1
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3.6. Electrochemical oxidation of 5-HT at a GPE
Fig. 7 reveals the oxidation of 5-HT at the GPE in a 0.2 M PBS of pH 7.0 at a scan rate of
0.05 Vs-1. From Fig. 7 it can be seen that the anodic peak of 5-HT (10 µM) at GPE with
anodic peak potential was found at 0.34 V.
Furthermore, the scan rate effect of 5-HT was measured by varying the scan rate from
0.05 –0.6 Vs-1 at the GPE as shown in Fig. 8A and Fig. 8B shows the graph logarithmic
anodic peak current plotted against the logarithmic scan rate.

Fig. 7. Typical cyclic voltammogram for the determination of 10 µM 5-HT in 0.2 M PBS at
graphite pencil electrode with the scan rate of 0.05 Vs-1

Fig. 8. (A) Cyclic voltammograms of 10 µM 5-HT with different scan rates (0.05 to 0.6 Vs-1)
for the graphite pencil electrode in 0.2 M PBS at pH 7.0; (B) Graph of the log Ipa vs log ν
The graph shows a good linear relationship between the logarithmic anodic peak current
against the logarithmic scan rate and the slope obtained is 0.6 and this shows a good
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agreement with the theoretical value of 0.5 for a diffusion-controlled reaction [51]. The
correlation coefficients were found to be 0.9966 for the GPE. Hence the behavior of the
electrode was controlled by diffusion at the GPE.

3.7. Effect of 5-HT concentration at GPE
The electrochemical oxidation of 5-HT was carried out by varying its concentration at the
GPE. Fig. 9 shows that, for an increase in the concentration of 5-HT from 10×10−6 to
90×10−6 M, the electrochemical anodic peak currents went on increasing with an Epa tending
towards the positive, which indicates that the product was adsorbed onto the surface of the
electrode.

Fig. 9. (A) Cyclic voltammograms for variation of 5-HT concentration from 10 to 90 µM at
the graphite pencil electrode in 0.2 M PBS at pH 7.0. Scan rate 0.05 Vs-1. Inset Graph of the
Ipa vs 5-HT concentration.
Table 1. Comparison of the detection limit for different electrodes
Electrode
Gold
nanoparticles
modified indium tin
oxide electrode
Screen-Printed
Electrode
Modified
with MWNTs-SiO2chitosan Composites
Glassy
Carbon
Electrode
Modified
with Carbon-Spheres
CNF electrode

Detection limit

Techniques

Ref.

3.0 nM

SWV

[31]

0.01 µM

DPV

[43]

0.7 µM

DPV

[60]

0.25 µM

DPV

[61]
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Pencil

4.0 µM

CV

This Paper

Pencil

0.678 µM

DPV

This Paper

The inset Fig. 9 represents the graph of the anodic peak current vs the concentration of 5HT, showing two linear relationships ranging between 10×10-6 to 40×10-6 and 40×10-6 to
90×10-6 M with linear regression equations of Ipa(A)=1.695×10-7+0.0542 CM/L and
Ipa(A)=1.076×10-6+0.0323 CM/L, respectively. The correlation coefficient for the ﬁrst
linearity was 0.9999 and for the second it was found to be 0.9979. The decrease of sensitivity
(slope) in the second linear range is likely to be due to kinetic limitation [59]. The detection
limit for 5-HT in the lower range was found to be 4×10-6 M and the quantiﬁcation limit was
1.33×10-5 M. The detection limit and quantiﬁcation limits were proposed by using the
formulae (2) and (3) [20,55], where S is the standard deviation and M is the slope obtained
from the three calibration plots and obtained results were compared with found literature
[31,43,60,61] showed in Table 1.

3.8. Interference investigation
In term to notice the sensitivity and selectivity of the GPE, the electrochemical fashion of
a mixture of 10×10-6 M DA and 30×10-6 M 5-HT was investigated via a cyclic voltammetric
technique. Fig. 10A shows the cyclic voltammogram obtained for the DA and 5-HT. The
GPE resolved the voltammetric signal into two well-defined voltammetric peaks at -0.051 V
and 0.26 V indistinguishable to the DA and 5-HT respectively. The separation between the
oxidative peaks of DA and 5-HT was approximately 0.19<0.2 V. The differential pulse
voltammetric technique (DPV) was used on the GPE for analysis. The GPE resolved the
voltammetric signal into two well-defined voltammetric peaks at -0.051 V and 0.257 V
indistinguishable to DA and 5-HT respectively as shown in Fig. 10B. In the DPV no second
peak was observed. DPV was furthermore used for the determination in their mixture was
furthermore performed when the concentration of one species remained constant at GPE. As
can be seen in Fig. 11A the concentration of DA increased from 5×10-6 to 40×10-6 M when
the concentration of 5-HT was maintained at 30×10-6 M. The anodic peak current was
proportional to the concentration of DA and there was no change in the peak current and peak
potential for 5-HT, which shows two linear relationships ranging between 5×10-6 to 15×10-6
M and 15×10-6 to 40×10-6 M with linear regression equations of Ipa(A)=5.361×10-7A+0.051
CM/L (r2=0.999 n=3) and Ipa(A)=7.087×10-7 A+0.033CM/L (r2=0.998 n=6) respectively (see
inset Fig. 11A). The limit of lower detection (LOD) was 1.08×10-6 M for the GCE. The LOD
was predetermined according to the equation LOD=KS0/S, where K was a constant
familiar to the conﬁdence level. In accordance with the instruction of the IUPAC, the
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value of K was fixed at 3 at the 99% conﬁdence level. S0 was the standard deviation of
six blank-solution measurements (no added DA), and S was the slope of the calibration
graph [21,22].

(A)
(B)
Fig. 10. (A) Typical cyclic voltmmogram for simultaneous determination of 10 µM DA and
30 µM 5-HT at the graphite pencil electrode in 0.2 M PBS at pH 7.0 with scan rate 0.05 Vs-1;
(B) Typical differntial pulse voltmmogram for simultaneous determination of 10 µM DA and
30 µM 5-HT at the graphite pencil electrode in 0.2 M PBS at pH 7.0 with scan rate 0.05 Vs-1
Similarly Fig.11B shows the concentration effect of 5-HT from 10×10-6 to 90×10-6 M at a
constant 30×10-6 M DA.

(A)
(B)
Fig. 11. (A) Differential pulse voltammograms from 5 µM to 40 µM, DA in 0.2 M phosphate
buffer solution at pH 7.0 in the presence of 30 µM 5-HT and inset the graph of the anodic
peak current vs the concentration of DA in the presence of 5-HT; (B) Differential pulse
voltammograms from 10 µM to 90 µM, 5-HT in 0.2 M phosphate buffer solution at pH 7.0 in
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the presence of 30 µM DA and inset the graph of the anodic peak current vs the concentration
of 5-HT in the presence of DA
The anodic peak current was proportional to the concentration of 5-HT and there was no
change in the peak current and peak potential for DA. 5-HT further shows two linear
relationships ranging between 10×10-6 to 40×10-6 M and 40×10-6 to 90×10-6 M with the linear
regression equations of Ipa(A)=6.85×10-7A+0.0233 CM/L (r2=0.999 n=4) and
Ipa(A)=1.041×10-6 A+0.0143 CM/L (r2=0.998 n=6) respectively as shown in inset Fig.11B.
The limit of lower detection (LOD) was 6.78×10-7 M for 5-HT at the GPE and obtained
results for 5-HT was compared with previous found literature [31,43,60,61] showed in
Table.1. These results showed that DA and 5-HT existed independently in the sample mixture
at pH 7.

4. CONCLUSION
Simultaneous determination of DA was analyzed electrochemically at physiological pH,
containing a large excess of 5-HT at GPE. The GPE underwent adsorption behave for DA
and diffusion behave for 5-HT. The GPE showed a lower detection limit of 1.08×10-6 M for
DA and further a lower detection limit of 6.78×10-7 M for 5-HT. It has excellent sensitivity
and selectivity. This GPE acts as indeed good sensor for dopamine in the presence of
serotonin. This approach can be direct the development of electrochemical sensors for
dopamine and devoted neurotransmitters.

Acknowledgement
The author, K. R. Mahanthesha is grateful to the University Grants Commission, New
Delhi, INDIA for awarding him a SC/ST post-doctoral fellowship.
UGC-Award Letter No. F. /PDFSS-2013-14-ST-KAR-5645, Dated: 20-06-2014.

REFERENCE
[1]
[2]
[3]
[4]

J. R. Cooper, F. E. Bloom, and R. H. Roth, The biochemical basis of
neuropharmacology, Oxford University Press, Oxford, 8th edn, (2002).
A. Carlsson, Annu. Rev. Neurosci. 10 (1987) 19.
P. Greengard, Science 294 (2001) 1024.
R. H. Roth, and J. D. Elsworth, Biochemical pharmacology of midbrain dopamine
neurons. In Psychopharmacology: The Fourth Generation of Progress, (F. E. Bloom, D.
J. Kupfer, Raven press, New York (1995) pp. 227-243.

Anal. Bioanal. Electrochem., Vol. 10, No. 8, 2018, 1064-1079
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]

1077

S. Cervenka, S. E. Palhagen, R. A. Comley, G. Panagiotidis, Z. Cselenyi, J. C.
Matthews, R. Y. Lai, C. Halldin, and L. Farde, Brain 129 (2006) 2017.
K. L. Davis, R. S. Kahn, G. Ko, and M. Davidson, Am. J. Psychi. 148 (1991) 1474.
P. S. Goldman-Rakic, S. A. Castner, T. H. Svensson, L. J. Siever, and G. V. Williams,
Psychopharmaco. 174 (2004) 3.
D. Hoyer, D. E. Clarke, J. R. Fozard, P. R. Hartig, G. R. Martin, E. J. Mylecharane, P.
R. Saxena and P. P. Humphrey, Pharmacol. Rev. 46 (1994) 157.
D. Sibley, Trends in pharmacol. Sci. 13 (1992) 61.
M. Asberg, Science 191 (1976) 478.
D. P. Huys, Serotonin, Inhibition, and Negative Mood, PLos Comput Biol. (2008).
R. M. Wightman, L. J. May, and A. C. Michael, Anal. Chem. 60 (1988) 769A.
T. F. Kang, G. L. Shen, and R. Q. Yu, Anal. Chim. Acta 356 (1997) 245.
E. L. Ciolkowski, K. M. Maness, P. S. Cahill, R. M. Wrightman, D. H. Evans, B.
Fosset, and C. Amatore, Anal. Chem. 66 (1994) 3611.
M. B. Gelbert, and D. J. Curran, Anal. Chem. 58 (1986) 1028.
F. Malem, and D. Mandler, Anal. Chem. 65 (1993) 37.
Z. Gao, D. Yap, and Y. Zhang, Anal. Sci. 14 (1998) 1059.
M. E. Rice, and C. Nicholson, Anal. Chem. 61 (1989) 1805.
K. R. Mahanthesha, B. E. K. Swamy, K. V. Pai, U. Chandra, and B. S Sherigara, Int. J.
Electrochem. Sci. 5 (2010) 1962.
K. R. Mahanthesha, B. E. K. Swamy, U. Chandra, S. S. Shankar, and K. V. Pai, J. Mol.
Liqui. 172 (2012) 119.
K. R. Mahanthesha, B. E. K. Swamy, U. Chandra, S. Reddy, and K.V. Pai, Chem.
Sensors 4 (2014) 1.
K. R. Mahanthesha, and B. E. K. Swamy, J. Electroanal. Chem. 703 (2013) 1.
R. N. Goyal, V. K. Gupta, N. Bachheti, and R. A. Sharma, Electroanalysis 20 (2008)
757.
R. N. Goyal, M. Oyama, V. K. Gupta, S. P. Singh, and R. A. Sharma, Sens. Actuators
B 134 (2008) 816.
J. M. Zen, I. L. Chen, and Y. Shih, Anal. Chim. Acta 369 (1998) 103.
T. Yoshitake, R. Iizuka, J. Kehr, H. Nohta, J. Ishida, and M. Yamaguchi, J. Neurosci.
Methods 109 (2001) 91.
S. D. Irazus, N. Unceta, M. C. Sampedro, M. A. Goicolea, and R. J. Barrio, Analyst.
126 (2001) 495.
K. Miyazaki, G. Matsumoto, M. Yamada, S. Yasui, and H. Kaneko, Electrochim. Acta

44 (1999) 3809.
[29] J. Oni, and T. Nyokong, Anal. Chim. Acta 434 (2001) 9.
[30] K. Wu, J. Fei, and S. Hu, Anal. Biochem. 318 (2003) 100.

Anal. Bioanal. Electrochem., Vol. 10, No. 8, 2018, 1064-1079
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]

1078

R. N. Goyal, V. K. Gupta, M. Oyama, and N. Bachheti, Talanta 72 (2007) 976.
T. Selvaraju, and R. Ramaraj, Electrochem. Communi. 5 (2003) 667.
T. Selvaraju, and R. Ramaraj, J. Appl. Electrochem. 33 (2003) 759.
J. Li, and X. Lin, Sens. Actuators B 124 (2007) 486.
M. R. Majidi, K. A. Zeynali, and B. Hafezi, Int. J. Electrochem. Sci. 6 (2011) 162.
N. Aladag, L. Trnkova, A. Kourilova, M. Ozsoz, and F. Jelen, Electroanalysis 22 (2010)
1675.
W. Gao, J. Song, and N. Wu, J. Electroanal. Chem. 576 (2005) 1.
D. Demetriades, A. Economou, and A. Voulgaropoulos, Anal. Chim. Acta 519 (2004)
167.
H. Karadeniz, B. Gulmez, F. Sahinci, A. Erdem, G. I. Kaya, N. Unver, B. Kivcak, and
M. Ozsoz, J. Pharm. Biomed. Anal. 33 (2003) 295.
U. Chandra, B. E. K. Swamy, O. Gilbert, M. P. Char, S. Reddy, S. S. Shankar, and B. S.
Sherigara, Chin. Chem. Lett. 21 (2010) 1490.
U. Chandra, B. E. K. Swamy, O. Gilbert, S. Reddy, S. S. Shankar, M. T. Shreenivas, B.
and S. Sherigara, Anal. Bioanal. Electrochem. 3 (2011) 316.
H. S. Han, M. S. Ahmed, H. Jeong, and S. Jeon, J. Electrochem. Soc. 162 (2015) B75.
S. Wang, Y. Wang, Q. Min, T. Shu, X. Zhu, A. Peng, and H. Ding, Int. J. Electrochem.
Sci. 11 (2016) 2360.
A. Levent, Y. Yardim, and Z. Senturk, Electrochim. Acta. 55 (2009) 190.
M. Vestergaard, K. Kerman, and E. Tamiya, Anal. Chim. Acta. 538 (2005) 273.
A. Erdem, P. Papakonstantinou, and H. Murphy, Anal. Chem. 78 (2006) 6656.
M. Ozsoz, A. Erdem, K. Kerman, D. Ozkan, B. Tugrul, N. Topcuoglu, H. Ekren, and
M. Taylan, Anal. Chem. 75 (2003) 2181.
A. N. Kawde, M. A. Aziz, M. E. Zohri, N. Baig, and N. Odewunmi, Electroanalysis 29
(2017) 1214.
K. Skrzypczynska, K. Kuśmierek, A. Swiątkowski, and L. Dabek, Int. J. Electrochem.
Sci. 13 (2018) 88.
U. Chandra, B. E. K. Swamy, K. R. Mahanthesha, and J. G. Manjunatha, Inter. J. Cur.
Adv. Res. 4 (2015) 237.
D. K. Gosser (Ed), Cyclic Voltammetry, VHC New York (1994).
Y. Zhang, G. Jin, Y. Wang, and Z. Yang, Sensors 3 (2003) 443.
E. S. Forzani, G. A. Rivas, and V. M. Solis, J. Electroanal. Chem. 435 (1997) 77.
A. Ciszewski, and G. Milczarek, Anal. Chem.71 (1999) 1055.
R. N. Hegde, B. E. K. Swamy, N. P. Shetty, and S. T. Nandibewoor, J. Electroanal.

Chem. 635 (2009) 51.
[56] B. D. Jones, and J. D. Ingle Jr, Talanta 55 (2001) 699.
[57] M. C. Shen, H. C. Gheng, and V. S. Vasantha, J. Electoanal. Chem. 588 (2006) 235.

Anal. Bioanal. Electrochem., Vol. 10, No. 8, 2018, 1064-1079

1079

[58] X. Wang, N. Yang, Q. Wan, and X. Wang, Sens. Actuators B 128 (2007) 83.
[59] M. M. Ardakani, H. Rajabi, H. Beitollahi, B. B. F.Mirjalili, A. Akbariand, and N.
Taghavinia, Int. J. Electrochem. Sci. 5 (2010) 147.
[60] J. Zhou, M. Sheng, X. Jiang, G. Wu, and F. Gao, Sensors 13 (2013) 14029.
[61] E. Rand, A. Periyakaruppan, Z. Tanaka, D. A. Zhang, M. P. Marsh, R. J. Andrews, K.
H. Lee, B. Chen, M. Meyyappan, and J. E. Koehne, Biosens. Bioelectron. 42 (2013)
434.

Copyright © 2018 by CEE (Center of Excellence in Electrochemistry)
ANALYTICAL & BIOANALYTICAL ELECTROCHEMISTRY (http://www.abechem.com)
Reproduction is permitted for noncommercial purposes.

