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ievisedfgiune 22191’ The voltammetric response of brilliant indigo and acid yellow 23 on the surface of
ccepted 24 June 2019 graphene paste electrode modified with nonionic surfactant was studied in the buffer
media at different pH by cyclic voltammetry and differential pulse voltammetry Vs.

KeVW‘?f‘?'S L saturated calomel electrode. Cyclic voltammograms were recorded in the potential range
v Brilliant indigo, from 0 V to 0.8 V for brilliant indigo, and 0.60 to 1.2 V for acid yellow 23 shows
v Acid yeIIow_23, reversible and irreversible response respectively. The developed electrochemical sensor
v Voltam_met_rlc shows good electrocatalytic activity to the oxidation of brilliant indigo and acid yellow

determination, 23 by giving elevated peak current than those obtained for the bare electrode. At the

v Differential pulse optimized conditions, the anodic peak current of brilliant indigo and acid yellow 23
voltammetry, proportional to the concentration ranges from 3.5x10° - 1.5x10°M and 1x10°° - 6x10°

v cyclic voltammetry, 5> M with the limit of detection of 0.24 uM and 0.25 uM. The proposed method offers
. . rapid, simple, selective, and cost-effective analysis. Also, this developed electrode
manju1853@gmail.com exhibited good selectivity, stability, repeatability, and has been successfully used to

Phone: ++91- 08272228334.  (etermine the real sample with a satisfactory result.

1. Introduction

Food additives generally improve the appearance, flavor, taste, color, and preservation. Past few decades,
synthetic colorants have been extensively used in the food industry [1-2]. Brilliant indigo (BI) or indigo blue and
acid yellow 23 (AY 23) both are synthetic azo dye with aromatic ring structure were harmful to human health [3-
4]. Generally, azodyes are electrochemically active both in oxidation and reduction region. Nowadays, many
methods were used in the treatment of dye effluents, such as physical [5], chemical [6], physio-chemical [7], and
biological [8]. These techniques were relatively expensive, ineffective, or can cause secondary pollution. So
Reliable analytical methods are required for the simultaneous analysis of Bl and AY 23. Electrochemical
technology has attracted growing interest as an alternative to conventional methods [9-14]. Cyclic voltammetry
provides an extreme insight into the redox reactions of biologically active molecules and can be used to study the
redox potential, rate of heterogeneous electron transfer kinetics and to detect chemical reaction that follows
electron transfer.

Graphene, a waved plane of Sp?- bonded monolayer carbon atoms excellently arranged in a honeycomb
lattice, and used as an electrode material because due to its excellent structural, physical, and chemical properties.
There is much literature, where the graphene electrode was used to study some biological molecules, including
DNA [15], hydrogen peroxide [16], acetaminophen, ascorbic acid [17,18], uric acid and flufenamic acid [19-21],
etc. Surfactants have extensively used in chemistry, especially in electrochemical processes to change the
electrical properties of the electrode solution interface and electrochemical process through adsorption.

We report herein the electrochemical oxidation properties of brilliant indigo and acid yellow 23 at
nonionic surfactant modified graphene paste electrode by cyclic voltammetry. The performance of the fabricated
electrode for the analysis of brilliant indigo and acid yellow 23 with respect to sensitivity and the linear range was
assessed. The application of the developed electrode in the real sample also processes. The oxidation mechanism
of brilliant indigo (Figure 1a) and acid yellow 23 (Figure 1b) were studied.
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Figure 1. Oxidation mechanism of Bl (a) and AY 23 (b)

NaO,S

2. Materials and methods
2.1. Materials and Chemicals
Graphene was obtained from TCI, Silicone oil and, Acid yellow 23 was purchased from nice chemical,
India, BI received from Molychem, India Pvt. Ltd. A stock solution (BI- 25x10° M, Acid Yellow 23 - 25x10*
M) was prepared in distilled water. TX-100, disodium hydrogen phosphate and monosodium hydrogen phosphate
were obtained from himedia. The phosphate buffer solution was prepared by mixing an appropriate amount of
0.1 M disodium hydrogen phosphate and monosodium hydrogen phosphate

2.2. Instrumentation

All the experiments were carried out with an electrochemical analyzer CHI6038E (USA) connected to an
electrochemical cell, which is equipped the conventional three-electrode system with a BGPE and TX-100MGPE
as a working electrode, a saturated calomel electrode (SCE) and a platinum wire as reference electrode and
auxiliary electrode. Field emission scanning electron microscopy (FESEM) obtained from DST-PURSE
Laboratory, Mangalore University, Oxford instrument.

2.3. Development of Electrochemical sensor electrodes

The graphene paste electrode was prepared by mixing thoroughly graphene and a binder (silicone oil) at
composition 60:40 (w/w %) using an agate mortar and pestle and was allowed to homogeneous for 20 minutes. A
portion of paste was packed into a teflon tube having 3 mm diameter. Electrode surface was smoothed with tissue
paper to produce a reproducible surface. TX-100MGPE was prepared by the immobilization technique and which
was used for further experiments.

Raril and Manjunatha, J. Mater. Environ. Sci., 2019, 10 (6), pp. 510-519 511



3. Results and Discussions
3.1. Characterization of Developed Electrode

Figure 2 showed the morphologies of bare (Figure 2a) and modified electrode (Figure 2b) characterized
by FESEM. Compared with the bare electrode, modified electrode shows the agglomerates of surfactant uniformly
covered on the bare surface, because surfactant molecules were immobilized on to the bare surface, indicating
that the bare electrode was successfully modified with surfactant.
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Figure 2. FESEM image of bare (a) and TX-100MGPE (b)

3.2. Optimization of surfactant concentration

The amount of SDS concentration on the surface of the bare electrode was optimized. As seen in figure
3, the maximum peak current this was observed when the surfactant concentration was 10 pL. A further increase
in the concentration of surfactant led to a decrease of the peak current. This was explained by critical micelle
concentration (CMC) which reached at 10 uL. Hence, 10 puL was chosen for the optimum volume for the sensing
properties of BIl. Figure 3b, shows the relation between the concentration variation of surfactant and the peak
current.
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Figure 3. (a) Cyclic voltammogram of 1x10°> M Bl on a graphene paste electrode at different concentration of SDS in 0.1
M PBS (7.5 pH) at the scan rate of 0.1 V/s, (b) Ipa Vs [SDS]

3.3. Electrochemical Measurements

The electrochemical measurement of the developed electrode was conducted using the KaFe(CN)s. Figure
4, shows the electrochemical behavior of KoFe(CN)g in 0.1 M KCI at bare (curve a) and modified electrode (curve
b) in the potential window -0.2 V to 0.6 V at the sweep rate of 0.1 V/s. A well-defined reduction peak was
perceived at a modified electrode contrast to the bare electrode. According to figure 4, curve a, the oxidation peak
of KzFe(CN)g is located at 0.212 V with an anodic current response of 11.81 pA. Modified electrode shows the
oxidation peak at 0.198 V with the oxidation peak current of 50.09 pA. The ratio of peak currents for the modified
electrode was 1.12, which explains the electrode process was quasi-reversible. The current response is related to
the square root of the scan rate with the following equation:
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Where the constant K=2.69x10°%; n is the number of moles of electrons transferred (1) per mole of electroactive
species; A is the area of the electrode in cm?; D is the diffusion coefficient (6.70x10¢ cm?/s; C® is the concentration
in mol/L (1 mM); and v is the scan rate in V/s. The surface area of the developed electrodes was calculated and
obtained as 0.0175 cm? (bare), 0.07 cm? (modified). The high effective surface area would positively contribute
to the improvement of the current response and conductivity shows that the good electrochemical behavior of
K2Fe(CN)s at the modified electrode.

Potential / V
Figure 4. Cyclic voltammogram of 1ImM K;Fe(CN)s /0.1M KCI at BGPE (a) & TX-100MGPE (b) at the scan rate of 0.1 V/s

3.4. Cyclic voltammetric responses of Bl and AY 23

Cyclic voltammetric response of Bl (1x10° M) at modified and bare electrode was investigated in 0.1 M
PBS (pH 7.5) at the sweep rate of 0.1 V/s. For bare carbon paste electrode the anodic peak current observed at
0.266 V with the current response of 2.4 A but the electrochemical reaction kinetics was improved at modified
electrode, where anodic peak appears at 0.289 V with a current response of 32.5 uA, which is larger to the current
was observed for bare electrode, this was explained as the larger surface area of the modified electrode improve
the electrode kinetics. Figure 5a shows the cyclic voltammogram of and blank solution (curve a), bare (curve b)
and modified (curve c).

Figure 5b shows the voltammetric behavior of AY 23 (1x10“ M) at the bare and modified electrode in
0.1 M PBS (pH 7.5) at the scan rate of 0.1 V//s. The current response obtained at the modified electrode is double
to that of the modified electrode and shows only anodic peak with no cathodic peak in the reverse scan, indicating
the irreversible property of the electrode reaction.
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Figure 5. (a) Cyclic voltammogram of Bl (1x10°5 M) at BGPE (curve b), TX-100MGPE (curve c) for blank solution (curve
a) in 0.1 M PBS (pH 7.5) at the scan rate of 0.1 V/s, (b) Cyclic voltammogram of AY 23 (1x10* M) at BGPE (curve a) and
at TX-100MGPE (curve b)

3.5. Influence of pH

The pH of the solution has a significant effect on the electrochemical response of the electroactive on the
electrode surface; therefore, pH optimization of the solution seems to be imperative to obtain the electrocatalytic
oxidation of BI. Figure 6a shows the cyclic voltammogram of Bl at different pH ranges from 6.0-8.0 at the scan
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rate of 0.1 V/s. It is noticed that the current response maximum was obtained buffer having pH 7.5 (Figure 6b).
Thus, pH 7.5 was employed for further studies. It was noticed that the peak potential was shifted towards less
positive when the pH increased from 6.0 to 8.0. The pH dependency of the oxidation peak potential indicates that
protonation is taking part in the charge transfer process. The plot of Eya Vs pH was found to be linear. This linear
relationship can be described by the following equation Ep (V) = 0.9246-0.0814 pH (Figure 6c) with the
correlation coefficient of 0.99.
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Figure 6. (a) Cyclic voltammogram of BI (1x10° M) at TX-100MGPE in 0.1 M PBS at different pH values
6.0,6.5,7.0,7.5,8.0, (b) Ipa Vs pH (C) Epa VS pH

3.6. Effect of Sweep rate

The influence of the scan rate on the peak current and peak potential under 1x10°> M Bl was discussed in
order to study the reaction mechanism. The effect of sweep rate on the peak current and peak potential of Bl at
TX-100MGPE was studied by varying the scan rate from 0.1 to 0.3 V/s. Figure 7a shows that the CVs of 1x10°
M BI at the scan rate ranging from 0.1 to 0.3 V/s. Peak current of Bl increased with the scan rate. Peak current
of Bl showed a linear dependence on the scan rate as shown in the Figure.7b with the linear regression equation
of Ipa (LA) =8.75 + 247.09 v (V/s) with the correlation coefficient of 0.998. These results indicate that the electrode
process is adsorption controlled [23, 24]. The charge transfer coefficient o, and electron transfer rate constant was
calculated by the following equations:

e e R
(- a)nF
RT oFAE
logK, =alogl-a)+(1-a)loga —log— - (1— P [25,26
gK, =alog(l-a)+(@1-a)loga 9 ( “)2.3RT [ ]

Where a is the charge transfer coefficient, n is the number of electrons transferred, Ks is the electron transfer rate
constant, E° is the formal potential, F is the Faraday constant, Eg, is the anodic peak potential. It was seen that
the charge transfer coefficient and electron transfer rate constant are in the value of 0.76 and 1.1S™*
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Figure 7. (a) Cyclic voltammogram of Bl (1x10 M) at TX-100MGPE at different scan rates (0.1 to 0.3 V/s) in 0.1 M PBS
(7.5 pH) (b) Ipa Vs v

The cyclic voltammogram at various scan rates was performed at modified graphene paste electrode
contains 1x10“% M AY 23 (Figure 8a). With the rise of scan rate peak current also increased with the linear
regression equation of I, (LA) = 45.22 + 748.3 v (V/s) (Figure 8b) with the correlation coefficient of 0.99, shows
that the electrode process was adsorption controlled [27].

For irreversible electrode process, Epa Was given by the following equation,

RT RTKs RT
E =E°+ In +
p(V) onkF onF  anF

Inv [28]

Where, E° is the formal standard potential, R, T, F were constant, K is the heterogeneous reaction rate constant,
a is the charge transfer coefficient. From the graph Epa VS Inv (not shown), the slope is equal to RT/anF. For an
irreversible electrode process, a value is usually assumed as 0.5. The electron transfer in the reaction was obtained
to be 0.933~=1 and was theoretically close to 1.
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Figure 8. (a) Cyclic voltammogram of AY 23 (1x10** M) at TX-100MGPE at different scan rates in 0.1 M PBS (7.5 pH) (b)
Ipa VSV

3.7. Calibration Curve and Detection limit

Peak current of Bl and AY 23 oxidation at the surface of the modified electrode can be used for the
resolution of Bl and AY 23 in the solution. Therefore CV technique was used to find out the relation between
peak current and the concentration. Under the optimized condition, the different concentration of Bl and the
relation with the peak current are shown in figure 9a. The current response was linearly varied with the
concentration of Bl in the range 3.5x10°to 1.5x10° M. The linear regression equation was Iy (A) = 1.9x10°
+0.45 C (M) with the coefficient correlation of 0.99. Figure 9b shows the relation between concentration and peak
current of AY 23in 0.1 M PBS at 7.5 pH.
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Figure 9. (a) Effect of different concentration Bl at TX-100MGPE in 0.1 M PBS at the scan rate of 0.1 V/s, (b) Effect of
different concentrations AY 23 at TX-100MGPE in 0.1 M PBS at the scan rate of 0.1 V/s.

The electrochemical response of peak current of AY 23 was increased linearly with the concentration. The limit
of detection was calculated using the following formula, LOD= 3S/N, where S is the standard deviation of blank
and N is the slope of the calibration curve [29-32]. Limit of detection and limit of quantification are used to
describe the smallest concentration of an analyte that can be reliably measured by an analytical procedure. The
response of peak current of AY 23 at MCPE was linear with the concentration of AY 23 in the range from 1x10-
°to 6x10° M. The detection limit which is obtained for the BI and AY 23 were 0.24 uM and 0.25 pM. The
detection limit obtained for the present work is compared with the other report and were tabulated in table.1 and
table.2

Table 1. Comparison of the developed electrode with other electrodes for the determination of Bl

Electrode Method Linear range (M) Detection limit (M) Reference
PGMCPE CcVv 2x10% - 6x10° 11x10°8 33
NBE/CPE DPV 1x10° - 1x10* 36x10® 34
SPE CVv 5x107-1x10* 20x10% 35
SPCE CcVv 5x107 -1x10* 19x10°8 36
TX-100MGPE CcVv 3.5x10° - 1.5x10° 2.4x107 Present work

PGMCPE: Polyglycine modified carbon paste electrode, (NBE/CPE): 4-(4-nitrophenilazo) N- benzyl, N-ethylaniline carbon
paste electrode, SPCE: Screen printed carbon electrode, SPE: Screen printed electrode.

Table 2. Comparison of the developed electrode with other electrodes for the determination of AY 23

Electrode method Detection limit (M) Reference
Carbon nanotubes/GCE DPV 1.88x107 37
Acetylene black/GCE DPV 1.87x107 38
SPCE AdSV 7x108 39
PGMCPE CcVv 2.83x107 40
TX-100MGPE cv 2.5x107 Present work

GCE; Glassy carbon electrode, PGMCPE: Polyglycine modified carbon paste electrode, SPCE: Screen printed carbon electrode

3.8. Repeatability, Reproducibility, and Stability
The reproducibility test of the developed electrode was performed by 3 similar electrodes and cyclic

voltammogram was recorded under the similar condition and it was noticed that the relative standard deviation of
2.9 % for 3 measurements shows that the developed electrode has good reproducibility. The repeatability was also
evaluated by changing the solution, and observed that the relative standard deviation of 2.6 % for 3 measurements.
The stability of the developed electrode was performed by running for CV 44 cycles and the percentage of
deviation was calculate which is observed that the percentage of degradation which is less than 1.5% shows that
the developed electrode is having good stability.
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3.9. Separation of the Voltammetric responses of Bl and AY23

The interference of the substance at the modified electrode for the determination of Bl and AY 23 was
studied under optimum condition. Figure 10a, Shows the CVs and Figure 10b, shows the DPVs of the mixture
solution contains AY 23 (1x10* M) and BI (1.5x10° M) at TX-100MGPE in 0.1 M PBS (7.5 pH). A well defined
two well-separated oxidation peaks were obtained which is corresponding to electrochemical oxidation of Bl and
AY 23 were obtained.

(a) (b)

Potential / V Potential / V

Figure 10. (a) Cyclic voltammogram of AY 23 (1x10* M) and BI (1.5x105 M) at TX-100MGPE in 0.1 M PBS (7.5 pH) at
the scan rate of 0.1 /s, (b) Differential pulse voltammogram of AY 23 (1x10* M) and BI (1.5x10-° M) at TX-100MGPE in
0.1 M PBS (7.5 pH) at the scan rate of 0.1 V/s.

Further different concentration of the one compound keeping constant and keeping other same also
studied. Figure.11a shows the CVs of the compounds containing Bl (1.5x10° M) and various concentration of
AY 23 (1x10* -1.5x10* M). It was noticed that the peak current of AY 23 increased with the increase of
concentration (Figure 11b), when the Bl concentration kept constant. In addition, Bl peak current and peak
potential do not have a significant influence on the AY 23.
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Figure 11. (a) cyclic voltammogram of BI (1.5x10° M) and various concentration of AY 23 (1x10*to 1.5x10* M) in 0.1 M
PBS (pH 7.5), (b) various concentration of AY 23 (1x10**-1.5x10* M) Vs. Ipa

3.10. Analytical applications
3.10.1. Water sample

Determination of Bl and AY 23 in tap water and the laboratory wastewater was performed in order to
study the application of developed electrode. Various concentrations of Bl and AY 23 were added 5 ml of a water
sample, and the experiments were carried out with the help of a supporting electrolyte. It was observed that the
recovery was in the range of 100.21% to 106.0% for Bl and 100.3% to 100.9% for AY 23.
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3.10.2. Food Stuffs

In order to study the applicability of developed electrode for the determination of Bl and AY 23 in the
food sample, candy-coated chocolate, and soft drink were selected and was purchased from the local market. The
recoveries were studied by using the standard addition method. The recovery ranges from 90.2% to 96.6% for Bl
and 91.5% to 99.3% for AY 23. Recovery ranges show that the developed electrode is very sensitive and a great
application for the determination of trace amount of the compounds.

Conclusion

We successfully developed surfactant modified graphene electrochemical sensor, which exhibits a good
electrocatalytic response for the oxidation of Bl and AY 23 compared to the BGPE associate with the large peak
current enhancement. Bare and modified electrodes were characterized by FESEM. Under optimized conditions,
the current response was proportional to the concentration in the range 3.5x10 - 1.5x10°M for Bl and 1x10°° -
6x10° M for AY 23 with the limit of detection 0.24 uM and 0.25 uM. Moreover, the fabricated electrochemical
sensor shows simple preparation, good stability, sensitivity, saving time and low cost make the developed method
suitable for the determination of Bl and AY 23 in the real sample with a satisfactory result.
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No. KSTePS/VGST (L1) 2016-17/GRD-559/2017-18/126/333.
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