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			Abstract

			In this study, a sensitive and selective electrochemical sensor was developed for electrochemical determination of resorcinol (RC) using graphite powder and carbon nanotube composite paste electrode modified with TX-100 (TX-100/GPCNTCPE) in phosphate buffer solution (PBS), pH 7.0 using cyclic voltammetry (CV) and differential pulse voltammetry (DPV). The GPCNTCPE/TX-100 gives excellent current response for resorcinol as compared to bare graphite powder and carbon nanotube composite paste electrode (BGPCNTCPE). The impact of pH, Sweep rate and concentration of RC were evaluated. The anodic peak of RC was detected at 0.503 V vs. SCE with current response 11.40 μA. The proposed sensor offers low detection limit of order 3.41×10-6 M and limit of quantization (LOQ) is 11.42×10-6 M . This sensor is also adopted for simultaneous determination RC and tartrazine (TZ).
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			Introduction

			RC (Benzene-1, 3-diol) is a phenolic organic compound with high toxicity can cause dermatitis, catarrh, convulsion, cyanopathy, and even death. It has excellent medicinal value in treating skin disorders like Acne, seborrhoea dermatitis, eczema, psoriasis, and other skin infection. It is also used as a hair colouring agent, antiseptic and disinfectant [1-3]. So, it is too essential to detect and quantify the resorcinol. There were various methods reported regarding the estimation of RC such as Fluorescence [4] high- performance liquid chromatography [5] flow injection chemiluminescence [6] surface Plasmon resonance [7], but these are costly and time-consuming approaches. Also, some electrochemical methods were reported for the detection of resorcinol, the electrochemical methods were established due to its rapid sensitivity and low cost. SDS, TX-100, CTAB and polymer film Modified Carbon nanotubes (CNTs) and graphite paste electrode are wildly used in the electrochemical determination of vitamins, drugs, hormones, neurotransmitters, and food dyes [8-16], etc. due to their high mechanical strength and good electro-
conductive property [17]. In this work graphite powder carbon nanotube composite paste modified with TX-100 is fabricated for voltammetric determination of RC and its simultaneous resolution 

with TZ. To the best of our knowledge, no voltammetric sensor built for concurrent resolution of RC with TZ based on TX-100/GPCNTCPE. The oxidation Process of RC is shown in Figure 1.
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			Materials and Methods

			Apparatus

			The CV and DPV were obtained by means of CHI-6038E electrochemical analyzer in combination with a typical three-electrode system and a personal computer for data storage and processing. The GPCNTCPE and TX-100/GPCNTCPE was used as the working electrode, saturated calomel electrode (SCE) and a platinum wire were used as a reference electrode and auxiliary electrode respectively. All the experiments carried out at room temperature.

			Reagents and Chemicals

			RC took from Himedia, India. CNTs were bought from Sisco Research Laboratories Pvt, Ltd, Mumbai. Silicon oil and TX-100 were brought from Nice Chemicals, India. Remaining chemicals were of analytical grade and used without refinement. The RC standard solution (25×10-4 M) was prepared using distilled water. 25×10-3 M TX-100 was prepared using distilled water. PBS (0.1 M) was prepared by intermixing the appropriate amount of 0.1 M monosodium hydrogen phosphate and 0.1 M disodium hydrogen phosphate and having pH 7.0 was used as supporting electrolyte. Data’s were taken at room temperature (25°C).

			Fabrication of GPCNTCPE and TX-100/GPCNTCPE 

			The BGPCNTCPE was made by intermixing 35% graphite powder, 35% CNTs and 30% silicone oil in a mortar and grounded for about 15 min to get a homogeneous paste. Obtained composite paste was packed into the hole of a Teflon tube (3 mm in diameter), and the face of the electrode was made to uniform with the help of a tissue paper. TX-100/ GPCNTCPE was prepared by immobilizing 10 μL of TX-100 on the surface of the electrode for 5 min.

			Results and Discussion

			Electrochemical Analysis of RC at TX-100/GPCNTCPE
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			 As shown Figure 2, in the absence (solid line) of RC which is characterized by CV with potential 0.3 to 0.8 V at a scan rate of 0.1 V/s (0.1 M PBS, pH 7.0) no peak appears for TX-100/GPCNTCPE. But under identical conditions and in presence of 1×10-4 M RC (dashed line) broader oxidation peak was observed at 0.503 V with the corresponding peak current of 11.40 μA, It shows that the electrochemical behaviour of RC at TX-100/GPCNTCPE.

			Voltammetry Response of RC at TX-100/GPCNTPE
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			The electrochemical response of RC at TX-100/GPCNTCPE is shown in Figure 3, the electrochemical response of RC is not observed at BGPCNTCPE (solid line) in 0.1 M PBS, pH 7.0. But, the voltammetric response was achieved at TX-100/GPCNTCPE (dashed line). At TX-100/GPCNTCPE the anodic peak potential (Epa) for RC was found to be 0.503 V (vs. SCE) with a current response 11.40 μA, with irreversible behaviour.

			Effect of Sweep Rate on Peak Current of RC
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			The impact of the sweep rate on electrochemical oxidation of RC was studied at TX-100/GPCNTCPE by cyclic voltammetry. Sweep rate studies were carried out to critic whether the process on TX-100/GPCNTCPE was under diffusion controlled. When the scan rate was varied from 0.1-0.250 V/s in 1×10-4 M solution of RC, the obtained cyclic voltammogram is shown Figure 4a. A plot of the oxidation peak current vs. scan rate (Figure 4b) gives a straight line with linear equation Ipa (A) = 78.04+1.65 v (V/s), and correlation coefficient R = 0.99 Here Ipa an increase with increase in the scan rate from 0.1 V/s to 0.250 V/s. The graph of anodic peak current (Ipa) vs. Square root of scan rate (v1/2) showed a linear relationship (Figure 4c) the correlation coefficient was found to be 0.99. This specifies the electrode process was diffusion controlled.

			Electrochemical Analysis of RC at TX-100/GPCNTCPE

			 As shown Figure 2, in the absence (solid line) of RC which is characterized by CV with potential 0.3 to 0.8 V at a scan rate of 0.1 V/s (0.1 M PBS, pH 7.0) no peak appears for TX-100/GPCNTCPE. But under identical conditions and in presence of 1×10-4 M RC (dashed line) broader oxidation peak was observed at 0.503 V with the corresponding peak current of 11.40 μA, It shows that the electrochemical behaviour of RC at TX-100/GPCNTCPE.

			Influence of pH
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			The effect of solution pH on the peak current and peak potential was analysed by increasing the pH. The cyclic voltammograms of RC documented from 6.0 to 8.0 pH at a scan rate of 0.1 V/s in 0.2 M PBS is revealed in Figure 5a, the plot of Ipa vs. pH (Figure 5b) shows the maximum peak current achieved at pH 7.0, this may be due to the faster electron transfer rate at neutral pH and is the physiological pH, hence this pH was preferred to bring out the electrochemical study.

			Also impact of pH on anodic peak potential of RC was investigated by cyclic voltammetry in the pH range 6.0 - 8.0 (Figure 5c), the Epa vs. pH graph evidently indicates that the catalytic peak shifts to a more negative potential with increasing pH with the corresponding equation Epa= -0.072 pH -1.08, the slope of 72 V/pH unit is near to the ideal value of 59 which might indicate that the number of protons and electrons involved in the electrochemical reaction is in the ratio 1:1[18]. The oxidation process of RC involves two electrons and two protons as shown in Figure 1.

			Response of RC at SLSMCNTPE by DPV

			DPV is a sensitive technique than CV and it gives upper current density and superior resolution. DPV response for 1×10-4 M RC in 0.2 M PBS (pH 7.0) at BGPCNTCPE and TX-100/GPCNTCPE in the potential range 0.3 to 0.8 V and are shown in Figure 6, The peak potential for RC is detected at 0.503 V with good current sensitivity 12 μA and there was a small peak was detected at 0.452 V for GPCNTCPE, with current 2.5 μA which concludes catalytic oxidation of RC is amplified at TX-100/GPCNTCPE compared to BGPCNTCPE.
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			Calibration Plot and Limit of Detection for RC
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			Figure 7 signifies the calibration plot, the anodic peak currents of CVs recorded at TX-100/GPCNTCPE in 0.1 M PBS (pH 7.0) for different concentrations of RC in the range 10-100 μM the oxidation peak current values amplified linearly with increase of RC concentration is expressed as Ipa (A) = 9.05 ×10-6 +0.063 C (M) with R=0.99. The limit of detection (LOD) and limit of quantization (LOQ) were assessed by applying the standard equations LOD = 3s\m and LOQ = 10s/m [19], where m is the slope of the calibration curve and s is the standard deviation of the peak currents of the blank solution (five replicates). The LOD and LOQ for determination of RC at TX-100/GPCNTCPE were evaluated as 3.41 ×10-6 M and 11.42×10-6 M. Table 1, [20-23] displays a comparison of the Tx-100/GPCNTCPE with other electrodes described in the literature for determination of RC. This sensor gives satisfactory results for quantization of RC.

			Table 1: Comparison of some electrochemical sensors for RC determination.

			
				
					
					
					
					
				
				
					
							
							Electrode

						
							
							Linear Range (µM)

						
							
							LOD  (M)

						
							
							      Reference

						
					

					
							
							 GCE/MWCNT

						
							
							        ٥  to ٨٠

						
							
							          1.0×10−6

						
							
							             [20]

						
					

					
							
							Graphene/chitosan/GCE

						
							
							        1-550

						
							
							          ٠.٧٥×10−6

						
							
							             [21]

						
					

					
							
							Carbon dot/reduced graphene oxide 

						
							
							        5 - 600

						
							
							          1.0×10−6

						
							
							             [22]

						
					

					
							
							MWNTs/multielectrode array

						
							
							        6.0 - 100 

						
							
							          6.0×10−7

						
							
							             [23]

						
					

					
							
							TX-100/GPCNTCPE

						
							
							       10 -100

						
							
							         3.41×10−6

						
							
							      Present work

						
					

				
			

			MWCNT: Multi Walled Carbon Nanotube, GCE: Glassy Carbon Electrode, TX-100/GPCNTCPE: Triton 100/Graphite Powder-Carbon Nanotube Composite Paste Electrode; LOD: Limit of Detection

			Simultaneous Determination of RC and TZ 
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			      Tartrazine is used as a colorant in drug, food, and cosmetics so it is necessary to determine the TZ with RC by using both CV and DPV at TX-100/GPCNTCPE in 0.1M PBS, pH 7.0. The RC (1×10-4 M) and TZ (2×10-4 M) were detected at 0. 580 V and 0.951 respectively with enhanced current response using cyclic voltammetry as shown in Figure 8, The RC (1×10-4 M) and TZ (2×10-4 M) were resolved at potential 0.525 V and 0.850 V with good current response by means of DPV as shown in Figure 9.
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			Conclusion

			In this study we developed sensitive sensor for resorcinol, the fabricated sensor having good stability, repeatability and reproducibility, Low detection limit of 3.41×10-4 M and LOQ is 11.42×10-6 M In concentration range 10-100 μM and also performed simultaneous resolution of RC and TZ using both CV and DVP with enhanced current sensitivity and this sensor also applicable RC determination in real sample. So, it a better choice for simultaneous resolution of RC and TZ.
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Figure 7: Calibration plot (v =0.1 V/s) for the determination of
RC at TX-100/GPCNTCPE in 0.1 M PBS (pH 7.0).
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Figure 4:

a. Cyclic voltammograms of RC (1x10 M) in 0.1 M PBS of
pH 7.0 at TX- 100/GPCNTCPE at various scan rates froma to f
.., 0.1-0.250 Vis

b.  plot of anodic peak current (Ipa) as a function of scan
rate (v)
. plotof anodic peak current (Ipa) vs. square root of scan

rate (1)
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Figure 5:

a.  Cyclic voltammograms (v =0.1 V/s) of RC (1x10* M)
in 0.1 M PBS of pH 7.0 at TX-100/ GPCNTCPE at various pH
values ranging from 6.0 to 8.0

b.  Plotof anodic peak current (Ipa) as a function pH

c.  Plotof anodic peak potential (Epa) vs. pH.






OEBPS/image/62481.png
2084

04 05 0.6 07 08 09 10 11
Potential / V

01 02 03

Figure 8: Cyclic voltammogram of simultaneous determination
(v=0.1 V/s) of RC (1x10+ M) and (2x10 M) TZ in 0.1 M PBS
of pH 7.0 at TX-100/ GPCNTCPE.
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Figure 6: DPV (v =0.05V/s) of RC (1x10 M) in 0.1 M PBS
(pH 7.0) at BGPCNTCPE (solid line) and TX-100/ GPCNTCPE
(dashed line)
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Figure 2: Cyclic voltammogram (v =0.1 V/s) of RC (1x10+ M)
in 0.1 M PBS of pH 7.0 at TX 100/GPCNTCPE (dashed line)
and without RC (solid line) in 0.1 M PBS of pH 7.0 at TX- 100/
GPCNTCPE
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Figure 1: Oxidation process of RC.
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Figure 9: DPV of simultaneous determination of (v =0.05V/s)

of RC (1x10% M) and TZ (2x10% M) in 0.1 M PBS (pH 7.0) at
BGPCNTCPE and TX-100/ GPCNTCP.
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Figure 3: Cyclic voltammogram (v =0.1 V/s) of RC (1x10° M)
in 0.1 M PBS of pH 7.0 at BGPCNTCPE (solid line) and TX-
100/GPCNTCPE (dashed line).






