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ABSTRACT: An electrocatalytic method was developed for the acute and selective determination of 

Indigo carmine (IC) using poly (Adenine) fabricated carbon nanotube paste electrode (PAMCNTPE). 

This modified electrode delineated the excellent current sensitivity towards the redox reaction of IC 

compared to bare carbon nanotube paste electrode (BCNTPE). Cyclic voltammetry (CV) study disclosed 

that this PAMCNTPE have quasi-reversible redox behavior in electrolyte solution. The electron 

transition kinetics on the electrode has been evaluated along with the variation of scan rate, concentration 

and pH. The surface morphology of the electrodes were characterized using field emission scanning 

electron microscopy (FESEM). The single and simultaneous determination of IC, Methyl Orange (MO) 

and Tartrazine (TZ) was executed using CV. The electrocatalytic behavior of IC at BCNTPE and 

PAMCNTPE in differential pulse voltammetry (DPV) was inspected. The calibration curve for IC gives 

a linear response in the range of 8×10-6 to 1.3×10-4 M in 0.2 M Phosphate buffer solution (PBS) at pH 

8.0 with detection limit (LOD) 2.7×10-7 M and limit of quantification (LOQ) 9.3×10-7 M. The fabricated 

electrode exhibited high sensitivity, selectivity, stability and was successfully adapted for the 

determination of IC in the real sample. 
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1.INTRODUCTION 

Dyes are the coloured compounds which can be extracted from natural sources or can be synthesized 

in a laboratory.  Synthetic dyes are used as colouring agents in many industries like pharmaceuticals, 

cosmetics, pulp and paper, printing, textile, paint, plastic and food industries [1]. In the worst side, 

their degradation products are highly toxic, dangerous or even mutagenic to living beings [2]. 

Therefore, great endeavor is necessary for developing potent analytical approaches for the 

determination of dyes [3]. IC is used as a redox indicator, which turns yellow on reduction. It is used 

as a dye in the manufacturing of capsules. IC is deliberated as a highly toxic indigoid class of dye 

and comprises one of the most influential group of contaminant found in wastewaters from textile 

industries. It was used in many industries, such as textile, plastics and papers industries, and it is 

used as indicator in analytical chemistry, as food colorant and as microscopic stain in biology [4]. 

TZ and MO are the azo dyes, these may be present in common food products which can cause 

diarrhea, allergies, migraines and even cancer if they are extravagantly consumed [5]. Detection and 

determination of these dyes in early ailment states are essential for public health safeguard [6]. In 

the present sequence, the insistence for biosensors of high sensitivity, selectivity and stability were 

expeditiously rising [7–8]. Nanoparticles seize numerous distinguishing physical and chemical 

aspects which make them convincing synthetic scaffold to embellish the detection systems in the 

sensors [9–10]. In recent times, nanocomposite modified electrodes are most oftenly used in 

biosensors, as this usage brings about variation in particle size, shape, surface morphology, chemical, 

and physical properties along with catalytic activity and chemical selectivity [11–14]. Numerous 

analytical techniques have been chosen for the determination of synthetic dyes, such as 

spectrophotometry, stripping voltammetry capillary electrophoresis, high-performance liquid 

chromatography with UV-VIS, UV-DADor MS detectors for the individual and simultaneous 

determination of these dyes [15–23]. CV is the first technique enforced in an electrochemical 

inspection based on potential control and is more applicable in the study of redox reactions [24]. It 

is the most proficient electroanalytical tool for the analysis of drugs and biologically active 

compounds [25–27]. The present work gives the new voltammetric technique for the individual and 

simultaneous determination of IC, MO, and TZ. This technique includes low cost, a simple and 

sensitive procedure for the determination of IC using CV and DPV. 

2. MATERIALS AND METHODS 

Reagents 

Adenine, IC, MO, TZ were purchased from Molychem, Mumbai, India and multiwalled carbon 

nanotubes (external diameter 30-50 nm and length 10-30 μm) from Sisco Research Laboratory Pvt. 

Ltd. Maharashtra and were used as received. All other chemicals were of analytical grade quality 

and were used without further purification. The standard stock solutions of 0.2 M  Na2HPO4 and 

0.2 M NaHPO4 were mixed in calculated proportion for the preparation of 0.2 M  PBS. Freshly 
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prepared solutions of IC, MO, and TZ were used in all experiments and were prepared with distilled 

water. 

Apparatus 

The electroanalyser of model EA-201 Chemilink system was used for all electrochemical 

measurements. All electrochemical measurements were carried out with a conventional three-

electrode system. The PAMCNTPE or BCNTPE was used as a working electrode. A saturated 

calomel electrode (SCE) was used as the reference electrode and a platinum electrode used as the 

auxiliary electrode. All the assessments were carried out at room temperature (25oC). 

Preparation of BCNTPE 

The preparation of bare carbon nanotube paste (BCNTP) was done by blending carbon nanotubes 

and silicone oil in the proportion 60:40 (w/w) using a mortar and pestle until a uniformly wetted 

paste was obtained. The cavity (3 mm internal diameter) of the working electrode was then packed 

with the prepared BCNTP. The surface of the electrode was refined using smooth paper. The 

electrical contact was made by connecting a copper wire to the paste at the end of the tube.For each 

assessment, the surface of the electrode was revived. 

Fabrication of PAMCNTPE 

0.25×10-4 M Adenine was taken in the electrochemical cell containing PBS of 6.5 pH. The polymer 

film-modified electrode was fabricated by electrochemical polymerization of Adenine by CV in the 

potential range from 0 to 1600 mV at a sweep rate of 100 mV/s for 10 cycles. Fig.1 shows the cyclic 

voltammogram obtained for electropolymerization. After 10 cycles, the removal of physically 

adsorbed material was achieved by washing the electrode surface with distilled water. 

 

Fig. 1: Cyclic voltammogram for the electrochemical polymerization of 0.25×10-4 M Adenine 

on a CNTPE in 0.2 M PBS (pH 6.5) at 10 cycles with sweep rate 100 mV/s. 

3. RESULTS AND DISCUSSION 

Surface morphology of BCNTPE and PAMCNTPE 

The morphological characteristics were examined using FESEM images of BCNTPE and 

PAMCNTPE. Fig.2a and 2b depicted the morphological attributes of BCNTPE and PAMCNTPE 
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respectively. The surface of BCNTPE was observed to be coarse and contains uneven shaped nano-

sized tubes of carbon nanotubes, whereas PAMCNTPE contains squishy like surface which confirms 

the formation of poly (adenine) film. This film is responsible for the enhancement of the 

electrocatalytic property. 

 

Fig.2. FESEM images of (a) BCNTPE (b) PAMCNTPE. 

Electrocatalytic response of IC 

The electrochemical kinetics of the redox reaction of IC was investigated using the electrochemical 

measuring technique CV at PAMCNTPE in 0.2 M PBS at pH 8.0. The Fig.3 shows the response in 

the presence of IC (dashed line) and in the absence of IC (solid line). The redox peaks were observed 

for IC at PAMCNTPE in the potential range from 0 to 600 mV, but no characteristic peak was 

observed at PAMCNTPE in the absence of IC. When IC (1×10-4 mol/L) was added to the 0.2 M 

PBS, a characteristic larger peaks corresponding to anodic and cathodic current at potentials 296 

and 235 mV was observed. This electrochemical approach indicates that, the oxidation of the 

electroactive species produced by the reaction was proportional to the electrode response. The redox 

reaction of IC is shown in Fig.4 [28]. 

 

Fig.3. A typical cyclic voltammograms of PAMCNTPE with 1×10-4 M IC in  pH 8.0 PBS 

(dashed line) without 1×10-4 M IC at pH 8.0 PBS (solid line). 
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Fig.4. The scheme of oxidation of IC 

Electrocatalytic response of IC at PAMCNTPE 

The cyclic voltammograms recorded with supporting electrolyte 0.2 M PBS at pH 8.0 with 1×10-4 

M  IC at BCNTPE and PAMCNTPE at the scan rate of 75 mVs-1 in the potential range from 0 to 

600 mV (Fig.5) . It was observed that there is no peak for IC at BCNTPE (solid line), while at the 

PAMCNTPE (dashed line), the well separated redox peak was observed with ΔEp=61 mV, which 

was higher than the value of 59/n mV expected for a reversible system and the ratio of redox peak 

current (Ipa/Ipc) was 1.27, which were the characteristics of a quasi-reversible electrode process. 

 

Fig.5. Cyclic voltammograms of 1×10-4 M IC at the BCNTPE (solid line) and at the 

PAMCNTPE (dashed line) in 0.2 M PBS (pH 8.0). 

Electrochemical Oxidation of IC by DPV at BCNTPE and PAMCNTPE 

The DPV of IC at BCNTPE and PAMCNTPE obtained was showed in Fig.6. At PAMCNTPE 

(dashed line)  1×10-4 M  IC exhibited sensitive response for electrochemical oxidation with peak 

potential and peak current 279 mV, 104.4 μA respectively, but BCNTPE (solid line), does not 

showed any response for electrochemical oxidation of IC. These results showed that PAMCNTPE 

accelerates the characteristics of IC oxidation in 0.2 M PBS at pH 8.0. 
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Fig.6. DPVs of a solution containing 1×10-4 M IC in 0.2 M PBS (pH 8.0) at the BCNTPE (solid 

line), the PAMCNTPE (dashed line). 

Impact of scan rate on the peak current of IC 

By varying the scan rate from 75 to 250 mVs-1, the cyclic voltammograms of IC was recorded to 

study the influence of scan rate. Fig.7a indicates the great influence of scan rate on the peak current 

as well as peak potential of IC in 0.2 M PBS (pH 8.0) at PAMCNTPE. With the increase in the scan 

rate, the anodic peak current increases gradually and the anodic peak potential shifted to the more 

positive side. The graph obtained by plotting the anodic peak current (Ipa) vs. scan rate showed a 

linear relationship (Fig.7b). The linear regression equation was Ipa (μA)= -61.177+1.979 ν (mVs-1) 

with correlation co-efficient 0.999. The above data suggests that the electron transfer reaction in the 

solution was adsorption controlled. 

 

Fig.7. (a) Cyclic voltammograms of 1×10-4 M IC at the PAMCNTPE in pH 8.0 PBS at various scan 

rates. From: 75-250 mV/s. (b) The plot of the anodic peak current of IC as a function of scan rate. 
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Effect of pH on the oxidation of IC at PAMCNTPE 

The influence of pH variation was investigated in the range from 6.0 to 9.0 in 0.2 M PBS using CV 

as shown in Fig.8a. The same electrode was used for the investigation of all the electrolytes. The 

anodic peak current was increased gradually from pH 6.0 and was get maximum at pH 8.0. Further, 

from 8.5 it goes on decreasing as shown in Fig.8b. This data was investigated at a scan rate 75 mV/s. 

Since, the highest peak current was obtained at pH 8.0, that particular pH buffer was chosen as the 

supporting electrolyte for the study of further parameters. Fig.8c showed that the relationship 

between anodic peak potential and pH. From the graph, it was observed that as the pH values 

increases, the anodic peak potential values shifted to the more negative side. The linear regression 

equation was Epa (mV)=764.64-54.42 pH, (r2=0.995). 

 

Fig.8. (a) Cyclic voltammograms obtained at the PAMCNTPE in 0.2 M PBS in pH values, 6-9 

containing 1×10-4 M IC. (b) The plot of anodic peak current vs. pH (6.0–9.0) of 1×10-4 M IC at 

the PAMCNTPE.(c) The plot of Epa vs. pH for IC. 

Electrochemical behavior of MO at BCNTPE and PAMCNTPE  

The electrochemical behavior of 1×10-3 M MO at BCNTPE and PAMCNTPE was evaluated using 

CV technique. The cyclic voltammograms obtained are shown in Fig.9. BCNTPE  does not show 

any response for MO in CV, but  PAMCNTPE showed an oxidation peak for MO with anodic peak 

potential 627 mV corresponds to the anodic peak current 99.9 μA in 0.2 M PBS (pH 8.0). This result 

showed that the electrode response was equivalent to the oxidation of an electroactive species. 
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Fig.9. Cyclic voltammograms of 1×10-3 M MO at the BCNTPE (solid line) and at the 

PAMCNTPE (dashed line) in 0.2 M PBS (pH 8.0). 

Electrochemical behavior of TZ 

CV occurred the oxidation peak for 1×10-3 M TZ in 0.2 M PBS (pH8.0) at PAMCNTPE with anodic  

peak potential, and peak current were 912 mV and 185.1 μA respectively. At BCNTPE no peak was 

observed in CV. This result showed that the PAMCNTPE produce an excellent electrocatalytic 

activity towards TZ. The voltammogram obtained was showed in Fig.10. The presence of only 

anodic peak suggested that the reaction was irreversible. 

 

Fig.10. Cyclic voltammograms of 1×10-3 M TZ at the BCNTPE (a) and at the PAMCNTPE 

(b) in 0.2 M PBS (pH 8.0). 

Simultaneous detection of IC, MO, and TZ at PAMCNTPE 

To examine the sensitivity and selectivity of the presently modified electrode for the quantitative 

determination of IC, MO and TZ, the electrochemical behavior was studied in the electrolyte 

containing the mixture of 2×10-4 M IC, 2×10-3 M MO and 2×10-3 M TZ using CV.  Fig.11 indicates 

the response of IC, MO, and TZ at PAMCNTPE in 0.2 M PBS (pH 8.0) with anodic peak potential 

296 mV, 627 mV and 913 mV respectively. This data indicated that the presently modified electrode 

has a good catalytic activity for the oxidation of IC, MO, and TZ and could clearly distinguish IC, 

MO and TZ.  
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Fig.11. Simultaneous determination of 2×10-4 M IC, 2×10-3 M MO and TZ at BCNTPE  

(solid line) and at PAMCNTPE (dashed line) 

Calibration curve and limit of detection for IC 

The concentration of IC was determined at PAMCNTPE using CV. The investigation was performed 

for different concentration of IC ranges from 8×10-6 to 1.3×10-4 M in 0.2 M PBS at pH 8.0. The 

anodic peak current values corresponding to the oxidation of IC increased linearly with the increase 

in the concentration of IC. The plot of peak current vs. concentration of IC gives a straight line 

(Fig.12), with the linear regression equation Ipa (A)=6.065×10-5+0.340 C (M) (R=0.998). 

 

Fig.12.Calibration plot for the determination of IC at the PAMCNTPE in  

pH 8.0 PBS with the scan rate 75 mV/s. 

The limit of detection (LOD) was calculated using the formula, LOD=3Sb/m and limit of 

quantification (LOQ) using LOQ=10Sb/m, where Sbis the standard deviation of the peak current of 

the blank solution (five replicants) and m is the slope of the calibration curve [29]. By substituting 

the values of Sb and m in the mentioned formula, the obtained values for LOD and LOQ were 

2.7×10-7 M and 9.3×10-7 M respectively. The LOD values were compared with different reported 

electrodes [30–34], the present electrode showed some improvements, like low detection limits, 

long linear ranges and great current response (Table1.).  
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Table 1. The comparison of PAMCNTPE with some other techniques for the determination of IC. 

Techniques Linear range (mol/L) Detection limits (mol/L) Reference 

Resonance Rayleigh 

scattering 

2×10-6–32×10-6 2.4×10-8 30 

Spectrophotometry 1.7×10-6–39×10-6 2.5×10-8 31 

LC-APCI_MS 2.1×10-7–21×10-7 6.2×10-8 32 

SERRS 1×10-8–1×10-5 1.9×10-5 33 

Cyclic voltammetry 2×10-6–6×10-5 11×10-8 34 

Cyclic voltammetry 8×10-6–1.3×10-4 2.7×10-7 This work 

Analytical application 

Finally, to describe the usability of the biosensor inpractical analysis, the proposed PAMCNTPE 

was applied to measure the IC content in commercial IC injection. The recovery test was also 

conducted. The analysis and recovery test demonstrate that our sensor offers an excellent in the 

range of 97–103%, accurate and precise method for the determination of IC in real samples. 

4. CONCLUSION 

The PAMCNTPE was subjected for the determination of IC and it exhibited an excellent 

electrocatalytic activity with a good current response. IC exhibits a redox reaction in the electrolyte, 

0.2 M PBS (pH 8.0). This modified electrode was successfully incorporated for the individual and 

simultaneous determination of IC, MO, and TZ and have got well-separated peaks in cyclic 

voltammograms. IC was also investigated in the DPV technique. The easy preparation and high 

sensitivity of the presently modified electrode make the system highly applicable in 

pharmaceuticals, textile and in the food industry. 
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