
Anal. Bioanal. Electrochem., Vol. 15, No. 6, 2023, 444-457 

https://www.doi.org/10.22034/abec.2023.705725 

 

 

 

 

 

 

Full Paper 

Iron Oxide Modified Carbon Paste Electrode Sensor for 

Guanine and Dopamine: A Voltammetric Technique  

M. Shruthi Vishwanath,1 B. E. Kumara Swamy,2,∗ and K. A. Vishnumurthy1 

1Dept of Industrial Chemistry, Sir M.V.Science College, Bhadravathi, Karnataka, India 

2Dept of PG Studies and Research in Industrial Chemistry, Kuvempu University, Jnana Sahyadri, 

Shankaraghatta, 577451 Shivamogga (D), Karnataka, India  

*Corresponding Author, Tel.:  +91-8282-256225 

E-Mail: kumaraswamy21@yahoo.com  

Received: 3 November 2022 / Received in revised form: 31 May 2023 / 

Accepted: 13 June 2023 / Published online: 30 June 2023  

 

Abstract- This article reports a detailed report of the synthesis and depiction of iron oxide 

nanomaterials (FeONPs) and their electroanalytical application. Electrochemical examination 

of Guanine (GU) and Dopamine (DA) is performed by synthesized iron oxide nanoparticles 

modified with carbon paste electrode (CPE) using differential pulse voltammetry (DPV) and 

cyclic voltammetry (CV) techniques. Peak potential of GU along with DA at FeOMCPE are 

0.76 and 0.14V respectively. A good linear response was obtained by CV of GU and DA, in 

the concentration ranges 10-70 and10-70 μM respectively and the LOD value for GU along 

with DA was observed to be 5.3 and 4.6 μM. The result shows that the FeOMCPE exhibited 

good analytical performance and high electro-catalytic activity of DA and GU.  

Keywords- Iron oxide nanoparticles; Modified carbon paste electrode; Guanine and 

Dopamine; Cyclic voltammetry 
 

1. INTRODUCTION  

Nanoscience will bring more benefits and improvements to the modern world. It has wide 

applications; such as medicines, electronics, cosmetics, paints, textiles, solar cells, study of 

tumors, anticarcinogen drugs, nanowires, nanofibers, textiles, and catalysts etc. Focusing on 

"nanomedicine," nanoparticles are a popular topic in the study of ophthalmic preparations 

because they function as nano-carriers in ocular medication delivery systems.  In a rapid Covid 
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test, magnetic nanoparticles are used to detect coronavirus antibodies. Nanoparticles, such as 

metal, oxide, semiconductor, and composite nanoparticles, have been used in electrochemical 

sensors and biosensors. Their unique properties include catalysis of electrochemical reactions, 

immobilization of biomolecules, acting as a reactant, labeling biomolecules, and enhancement 

of electron transfer. Nanotechnology has received much awareness in a wide spectrum of 

research areas and industrial activities. Nanomaterials have catalytic properties different from 

those of bulk materials due to their unusual electronic properties, high edge concentration, and 

high surface area, leading to their application in bioelectronics, biophotonics, and biosensing . 

Metal nanoparticles have wide applications. For example, they are used in biomedical and 

sensor fields because of their smaller size, mechanical, magnetical, and optical properties. The 

metal nanoparticle-MCPE is used to improve the sensitivity, selectivity, and electron 

transformation between the electroactive species and the electrode surface. FeONPs are non-

toxic and are used as a drug in the treatment of cancer and diagnosis. Due to their magnetic and 

semiconductor property, they are used in the medical field [1-12].   

GU is an organic compound containing the purine group. It is one of the building blocks of 

DNA and RNA as it is paired with cytosine in the double helix. It is used in the cosmetic 

industry, paints, pearls, and plastics. A high purine diet leads to gout and kidney stones. People 

with such conditions avoid the consumption of alcohol and fats, as they block the metabolism 

of purines [13-20].   

DA is called a chemical messenger of our body because it plays an important role in human 

feelings and the ability to think. It helps us strive, focus and find things interesting. It is also 

called as happy hormone [21-45]. 

A lot of work has been put into developing chemically modified electrodes for direct 

electrochemical analysis of Nucleic acids and the associated nucleosides over the past few 

years. For instance, Fan et al. proposed a simple method for making uniformly embedded TiO2 

nanocomposite on graphene, which creates a favorable microenvironment for the 

electrochemical interaction of these purine bases [46]. In order to quickly create a CNT ceramic 

electrode formed from a sol-gel for the sensitive detection of guanine and adenine in DNA, 

Abbaspour et al. used microwave irradiation [47]. Guanine and adenine detection techniques 

that had previously been tried suffered from surface fouling caused by the purine bases' 

irreversible adsorption to the electrode surface. For use in nanoscale devices and 

nanoelectronics, nanoparticulate hybrid materials consisting of inorganic solids hold great 

promise. Fe3O4 nanoparticles have attracted interest due to their biocompatibility, strong 

superparamagnetic properties, low toxicity, easy preparation, and high adsorption ability. 

In this work, FeONPs are synthesized by the co-precipitation method. GU and DA are 

studied individually and simultaneously utilizing CV and DPV techniques. Sensitivity, 

selectivity, and electroactive species for the estimation of GU and DA are detected by 

FeOMCPE as an electrochemical sensor. The drawback of purine bases adhering permanently 
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to the electrode surface is removed by the redesigned electrode using magnetite nanoparticles, 

the results presented here show that the modified electrode could give electrochemical devices 

new capabilities. It can be used for the simultaneous determination of GU and DA with extreme 

sensitivity. 

 

2. EXPERIMENTAL SECTION 

2.1. Chemicals and equipment 

From Himedia the reagents ferrous sulfate heptahydrate, ferric chloride, ammonium 

hydroxide, potassium chloride, and Potassium ferrocyanide are purchased. Silicon oil and 

graphite powder are purchased from nice chemicals. Disodium hydrogen orthophosphate and 

Sodium dihydrogen orthophosphate are buying from Karnataka fine chemicals. Aqueous 

solutions are prepared by utilizing deionized water. Guanines along with Dopamine are 

purchased from Sigma and the solutions are prepared by using NaOH and perchloric acid 

respectively. 

CV contains an electrolytic cell, a data collection system, a current-to-voltage converter, 

and a potentiostat. The cell contains a reference, a counter, and a working electrode, and an 

electrolytic solution is made to perform CV and DPV techniques. The synthesized 

nanomaterials are analyzed by SEM, EDAX, and XRD techniques . 

 

2.2. Synthesis of FeONPs 

The co-precipitation method was employed to prepare FeONPs. The procedure of the 

experiment is as follows, 1M ferrous sulfate heptahydrate and 0.05M ferric chloride are 

dissolved in 100ml distilled water. Both the solutions are mixed utilizing a magnetic mixer for 

half an hour. Add 1M ammonium hydroxide solution, slowly under constant stirring for 2 

hours. Brown color precipitate was formed. Filtered the settled down brown precipitate and 

washed it several times by deionized water. The product was calcinated in a muffle furnace at 

5000C for one hour. The synthesized FeONPs are further utilized for characterization [9-12]. 

 

2.3. Amalgamation MCPE and BCPE 

Homogenous paste of silicon oil and graphite powder is mixed in the ratio of 70:30 with 

the help of mortar and pestle to prepare BCPE. The resultant paste was packed in a homogenous 

Teflon cavity. Utilizing butter paper, BCPE was polished mechanically until shiny working 

surface was formed. The same process follows to the preparation of FeOMCPE but graphite 

powder, silicon oil with different amount of FeONPs in the ratio 70:30 :( 2, 4, 6, 8 mg). 

 

3. RESULTS AND DISCUSSION 

3.1. Characterization of synthesized FeONPs  
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XRD analysis is an important tool to study purity and size of synthesized nanomaterials. XRD 

pattern of synthesized FeONPs as shown in Figure 1A, the d-space value of the sample matches 

with standard JCPDS file number 39-1346. Sharp peak shows the crystallinity of the sample. No 

impurity peaks of FeONPs are noticed, which shows that the high purity of products. Size of the 

nanoparticle calculated by using Debye-Scherrer formula and it was 14.38 nm. Figure 1B shows 

SEM image of the nanoparticle. Shape of the nanoparticles is assessed using SEM analysis. The 

synthesized FeONPs are crystal shaped and arranged without aggregation. Analysis of EDAX 

shows energy peak of FeO nanoparticle and it contains iron, carbon and oxygen [36-40] (Figure 

1C). 

 

 

 

 

 

 

 

 

Figure 1. a) FeONPs X-ray diffractograms pattern; b) FeONPs SEM image; c) FeONPs EDAX 

spectrum 

 

3.2. Quantified analysis for certain quantity of FeOMCPE 

Figure 2a shows certain weights of FeOMCPE and BCPE were analyzed using PBS (0.2 

M) at pH 7.4 for 10 μM GU with scan rate of 50 mV/s by CV technique. The plot of anodic 

peak current (Ipa) versus different weight of FeONPs are shown in Figure 2b. The weight of 

a b 

c 
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FeOMCPE increases (2, 4, 6, 8 mg) simultaneously, peaks current decreases. 2 mg of FeONPs 

MCPE shows enhanced peak current and it was optimized for more detailed study. 

 

 

Figure 2. a) CV for 2 mg, 4 mg, 6 mg, 8 mg of FeOMCPE and BCPE was analyzed at pH 7.4 

for 25×10-3 M GU with sweep rate of 50 mV/s in 0.2 M PBS; b). Different weight of FeO 

nanomaterials taken in milligram versus Ipa 

 

3.3. Electrochemical interactivity of BCPE and FeOMCPE using potassium ferrocyanide 

Electroanalytical interaction of K4[Fe(CN)6] (0.2 M) and KCl (1M) at BCPE and 

FeOMCPE with scan rate 50mV/s were analysed using CV technique. Figure 3 shows the CV 

of FeOMCPE (solid line) and BCPE (dashed line) in 1 M potassium chloride and 0.2 M 

Potassium ferrocyanide solutions. The increase in peak height of the FeOMCPE strongly 

depends on KCl (supporting electrolyte) and gave well-defined peak.  

 

 

Figure 3. CV of 0.2 M K4[Fe(CN)6] in existence of 1 M KCl at a sweep rate of 50 mV/s: a) 

BCPE (dashed line) and b) FeOMCPE (solid line) 
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The voltammogram shows peak current 0.74 μA and 1.2 μA at BCPE and FeOMCPE 

respectively. FeOMCPE shows maximum enhanced peak current and it indicates that 

FeOMCPE is having more charge transfer than BCPE. The increasing peak current shows that 

FeOMCPE is having a higher surface area than BCPE. The surface area of FeOMCPE and 

BCPE are calculated employing Randle-Sevcik equation with various sweep rates (50 to 500 

mVs-1):  

Ip= 2.687×105 n3/2 D0
1/2 ν1/2 A C0                 (1) 

where peak current (A) is Ip, diffusion coefficient (cm2/s) is D0, number of electron transfer is 

n, electroactive surface area (cm2) is A, scan rate (V/s) is υ, and concentration of electroactive 

molecules (mol/cm3) is C0. The surface area of BCPE and FeOMCPE were obtained to be 

0.0238 and 0.039 cm2 respectively. 

 

 3.4. Electrochemical interactivity of GU and DA at BCPE and FeOMCPE 

The amalgamation of carbon paste with various sort of metal oxide nanoparticles 

significantly enhances the sensitivity of CPE. In this work, FeONPs was examined as a 

modifier, because it gives superior adsorptive properties. Figure 4a and 4b shows, CV response 

for electrochemical interactivity of 10 µM GU and 10 µM DA of FeOMCPE and BCPE in 0.2 

M PBS at pH 7.4 with a sweep rate of 50 mV/s. 2 mg FeOMCPE gives extreme peak intensity 

values and BCPE give decrepit signals.  

Figure 4. CVs of 10μM a) Guanine b) Dopamine at BCPE (dashed line) and FeOMCPE (solid 

line) at pH 7.4 with a sweep rate of 50 mV/s in 0.2 M phosphate buffer 

 

At BCPE, GU and DA exhibits electrochemical behavior (Scheme 1), anodic peak was 

observed with the potential 0.69 V and 0.14 V, and current were found to be 6.92 μA and 17.4 

μA. At MCPE, GU and DA also exhibit electrochemical behavior, anodic peak was observed 
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with the potential 0.76 V and 0.15 V, and current were found to be 1.52 μA and 4.04 μA. The 

above result exhibits, the electron transfer reaction of MCPE is more compared to BCPE. 

Hence the modified electrode shows enhanced conductivity, larger active surface area and good 

electrocatalytic activity than BCPE. 

 

Scheme 1. Redox mechanism for DA and GU 

 

3.5. Effect of pH on GU at FeOMCPE 

In aqueous solutions voltammetric estimations were carried out and are suitable for pH 

dependent since removal or addition of electron from an analyte especially instigate the loss or 

uptake of proton. At different pH, the oxidation of 10 µM GU in PBS with 50 mV/s scan rate 

were studied over pH from 6.2 to 7.8 using FeOMCPE.  

 

 

Figure 5. a) CVs of 10 µM GU at different pH (6.2, 6.6, 7.0, 7.4, and 7.8) with scan rate 50 

mVs-1 at FeOMCPE; (b) plot of pH versus anodic Epa; (c) plot of pH versus Ipa 

 

For wide range of pH ,the peaks were well defined (Figure 5a). The graph was plotted 

between pH versus peak current (Figure 5b) and  Epa=0.06055+0.975pH (R2=0.9964) is the 
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linear regression equation. The current of anodic peak increases linearly with increase in pH of 

the solutions. The oxidation of GU to form 8-oxo-guanine of FeOMCPE was a pH-dependent 

process, according to the final electrode reaction, and a graph plotted between pH versus peak 

potential (Figure 5c). Since peak potential increases with increasing pH of the solution and 

decreases after reaching pH=7.4, pH=7.4 was chosen as the ideal pH for further 

experimentation. 

 

3.6. Effect of scan rate on GU and DA at FeOMCPE 

Effect of sweep rate depends upon how fastened the applied potential is sweeped and it 

evaluates the process of an electrode reaction (adsorption or diffusion controlled). The scan 

rate effect of GU and DA of FeOMCPE was scruntinized  using CV technique. Figure 6a 

demonsrates the GU at CV of FeOMCPE with scan rates from 50 to 500 mV/s. In GU, as sweep 

rate increases, peak currents pogressively increases and potential negligible shift towards 

positive side. The potential shift is mainly due to the development of adsorption layer at the 

electrode surface.The graph plotted between scan rate versus peak potential (Figure 6b) and 

Ipa =0.5606+1.185pH (R2=0.9804) is the linear regression equation. Therefore, this result 

suggests that the electron transfer process of GU is adsorption controlled and the graph of log 

scan rate versus log peak current is shown in Figure 6c.  The result gave good linearity with 

correlation coefficient value (R2) and was found to be 0.999.  

Figure 6. a) CVs of 10 µM GU and d) 10 µM DA of pH 7.4 with various scan rates (50-

500mVs-1) in 0.2 M PBS at FeOMCPE; (b and e) Plot of scan rate versus Ipa; (c and f) Plot of 

log of scan rate versus log of Ipa 

 

To identify the process of electrode takes place at the electrode surface using CV were 

recorded on FeOMCPE with scan rates ranging from 50 to 500 mV/s as shown in Figure 6d. 

In DA, with increase in sweep rate the peak current progressively enhanced and potential 
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minuscule  shift towards both negative and positive side. The graph was plotted between the 

scan rate versus peak potential (Figure 6e) and Ipa =0.3528+0.7460pH (R2=0.9846) is linear 

regression equation. Therefore, this result suggests that the process of electron transfer was 

adsorption controlled for DA. Figure 6f is the plot of log of scan rate versus log of peak current. 

This result gave good linearity with a correlation coefficient value (R2) and was found to be 

0.999. 

 

3.7. Effect of concentration on GU and DA at FeOMCPE 

Utilizing CV technique the effect of the concentration of GU was studied (Figure 7a).The 

effective concentration of GU  differs in the range 10-70 μM at pH 7.4 with 50 mV/s scan rate 

in 0.2 M PBS at FeOMCPE.As the concentration increases, peak current was enhanced 

gradually and potential gains negligible shifts towards positive side. Figure 7c displays the CV 

of DA at FeOMCPE with various concentrations between 10-70 μM, the concentration 

increases both anodic and cathodic peak current was progressively enhanced with potential 

negligible shift towards both positive and negative side. Figure 7b and 7d reflect the linearity 

between Ipa and concentration of both analytes. The corresponding linear regression was 

expressed as follows: Ipa=0.05278+0.02964pH (R2=0.9971) and Ipa=0.07512+0.04821pH 

(R2=0.9978) for both GU and DA respectively.  

 

Figure 7. a) CV of GU and c) DA of pH 7.4 with different concentrations (10-70 µM) in 0.2 

M PBS at FeOMCPE; (b and d) plot of anodic peak current versus concentrations of GU and 

DA 

                                                                                          

The limit of detection (LOD) and limit of quantification (LOQ) were calculated using the 

equations 2 and 3 [41].   

                                     LOD=3S/M                                                   (2) 

                                     LOQ=10S/M                                                 (3) 
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Where M is slope of the graph and S is standard deviation.LOD and LOQ values are found 

to be 5.3 μM and 17.8 μM for GU,4.6 and 15.65 μM for DA respectively. It shows that, 

FeOMCPE obtain good linearity and also give a low value of LOD and LOQ. The 

differentiation of LOD for GU and DA with other modified electrodes is shown in Table1. 

 

Table 1. Comparison of LOD of GU and DA with different electrodes 

 

SI 

No 

 

    Working 

    Electrode 

 

Electrochemical 

    Technique 

 

  Detection  

  Limit  

 

Linear       

range 

 

 

Ref. 

GU DA 

1 SWCNT/GCE DPV   7.0 M 0.5-100 M [31] 

2 F-MWCNT/GCE DPV   6.0 M 0.2-250 M [42] 

3 MWCNTs/Poly (new 

fuchsin)MCPE 

CV 18.2 M  

 

0.02-3.1 mM [43] 

4 CILE CV 7.87×10-8 M  3.0×10-7-

5.0×10-5 M 

[44] 

5 MWNTs DPV 7.5×10-9 M  2.0×10-8-

5.4×10-6 M 

[45] 

6 FeOMCPE CV 5.3 M 4.6 M  This 

work 

 

3.8. Simultaneous detection and interference study of GU and DA at FeOMCPE 

Compare to CV, DPV demonstrates high current sensitivity. Because of the lower 

concentration detection, well-defined peak current and magnefied resolution. DPV was used to 

detect sensitive and selective of GU and DA at FeOMCPE.  

 

 

Figure 8. a and b) CV and DPV of GU and DA at bare (dashed line) and FeOMCPE (solid 

line) using 0.2 M PBS at sweep rate of 50 mV/s 
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Figure 8a and 8b shows simultaneous analysis of GU and DA in PBS (0.2 M) with 50 mV/s 

sweep rate at BCPE and MCPE utilizing DPV and CV techniques. At BCPE, CV and DPV 

response peak current and potential of GU and DA were not well separated. In the case of 

FeOMCPE; it gives two well-defined peaks of current 0.24 μA and 0.43 μA and potential 0.281 

V and 0.638 V for GU and DA respectively. Hence, MCPE acts as a good electrochemical 

sensing element for GU and DA. 

DPV was used for the analysis of GU and DA at FeOMCPE was studied under optimized 

conditions. These experiments were carried out by varying the concentrations of GU (10-60 

μM) in the presence of constant concentration DA (10 μM) in PBS at pH 7.4 using FeOMCPE 

as shown in Figure 9a.Then, vary the concentration of DA (10-40 μM) while of GU (10 μM) 

concentration was maintained as shown in Figure 9b.To increase the concentration of one 

analyte increases as peak current was progressively enhanced and negligible shift in potential 

towards positive side and fixed analyte concentration remains constant.The aforementioned 

result demonstrates that peak current and potentials for constant analyte did not vary. This 

finding demonstrates that FeOMCPE have outstanding selectivity and also individually 

analysed in the mixed solution. 

 

Figure 9. a and b) DPVs of different concentration of GU (10–60 μM) in presence of DA (10 

μM), DA (10–40 μM) in presence GU (10 μM) at FeOMCPE respectively with sweep rate 50 

mV/s in 0.2 M PBS 

 

4. CONCLUSION 

In this work, FeONPs were prepared utilizing co-precipitation method and analyzed by 

EDAX, SEM and XRD. Electrochemical interactivity and surface area were analyzed using 

CV technique. The simultaneous and interference study of GU and DA was examined using 

the DPV technique. The FeOMCPE enhances sensitivity, selectivity, and good electron 

transferability. From the study of sweep rate, FeOMCPE was recognized as a process of 

electrode was adsorption-controlled for GU and DA. The redox peak current increases with an 
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increase in concentration the concentration of analyte and LOD and LOQ values are found at 

5.3 and 17.8 μM for GU,4.6 and 15.65 μM for DA respectively. It is clear that FeOMCPE 

obtains good linearity and also gives a low value of LOD and LOQ. Therefore, the preferred 

method was authenticated for the individual and simultaneous determination of DA and GU.  

 

Declarations of interest  

The authors declare no conflict of interest in this reported work.  

 

REFERENCES 

[1] S.K. Murthy, Int. J. Nanomedicine 2 (2007) 129 . 

[2] M. Bundschuh, J. Filser, S. Lüderwald, M.S. McKee, G. Metreveli, G.E. Schaumann, R. 

Schulz, and S. Wagner, Environmental Sci. Europe 6 (2018) 1 . 

[3] O. VSalata, Nanobiotechnology 2 (2004) 1. 

[4] T. Singh, S. Shukla, P. Kumar, V. Wahla, V.K. Bajpai, and I.A. Rather, Frontiers in 

Microbiology 8 (2017)1501. 

[5] H.Y. Zhou, J.L. Hao, S. Wang, Y. Zheng, and W.S. Zhang, Int. J. Ophthalmology 6 

(2013) 390 . 

[6] F.B. Sulczewski, R.B. Liszbinski, P.R.T. Romão, and L.C.R. Junior, Archives of 

Virology 163 (2018) 2313. 

[7] J. Zhang, J. Jiao, M. Niu, X. Gao, G. zhang, H. Yu, and L. Liu, Int. J. Nanomedicine 16 

(2021) 6497. 

[8] Y. Jiang, W. Zheng, K. Tran, E. Kamilar, J. Bariwal, H. Ma, and H. Lian, Nature 

Communications 13 (2022) 1. 

[9] S. Laurent, D. Forge, M. Port, A. Roch, C. Robic, L.V. Elst, and R.N. Muller, Chem. 

Rev. 108 (2008) 2064 . 

[10] W. Wu, Q. He, and C. Jiang, Nanoscale Research Lett. 3 (2008) 397 . 

[11] P. Sharma, N. Holliger, P.H. Pfromm, B. Liu, and V. Chikan, ACS Omega 31 (2020) 

19853. 

[12] M.M. Vinay, and Y.A. Nayaka, J. Sci. Advanced Materials and Devices 4 (2019) 442 . 

[13] K. Chetankumar, B.E.K. Swamy, and H.S.B. Naik, Mater. Chem. Phys. 267 

(2021)124610 . 

[14] M. Zhang, F. Gan, and F. Cheng, Anal. Methods 7 (2015) 4988 . 

[15] M. Mahanthappa, N. Kottam, and S. Yellappa, Anal. Methods 10 (2018) 1362. 

[16] S. Pradhan, S. Biswas, D.K. Das, R. Bhar, R. Bandyopadhyay, and P. Pramanik, New J. 

Chem. 42 (2018) 564 . 

[17] S. He, P. He, X. Zhang, X. Zhang, K. Liu, L. Jia, and F. Dong, Anal. Chim. Acta 1031 

(2018) 75 . 



Anal. Bioanal. Electrochem., Vol. 15, No. 6, 2023, 444-457                                                               456 

[18] X. Wang, J. Zhang, Y. Wei, T. Xing, T. Cao, S. Wu, and F. Zhu, Analyst 145 (2020) 

1933. 

[19] A. Ferancova, S. Rengaraj, Y. Kim, J. Labuda, and M. Sillanpaa, Biosens. Bioelectron. 

26 (2010) 314  . 

[20] M. Arvand, N. Ghodsi, M.A. Zanjanchi, Biosens. Bioelectron. 77 (2016) 837. 

[21] S. Reddy, B.E.K. Swamy, and H. Jayadevappa, Electrochim. Acta 61 (2012) 78. 

[22] N.B. Ashoka, B.E.K. Swamy, and H. Jayadevappa, New J. Chem. 41 (2017)11817. 

[23] D.S. Nayak, N.P. Shetti, Sens. Actuators B 230 (2016)140. 

[24] J. K.Shashikumara, B.E.K. Swamy, and H.D. Madhuchandra, Mater. Sci. Energy 

Technol. 3 (2020) 390 . 

[25] N. Diab, D.M. Morales, C. Andronescu, M. Masoud, and W. Schuhmann, Sens. Actuators 

B 285 (2019) 17. 

[26] S. Pruneanu, A.R. Biris, F. Pogacean, C. Socaci, M. Coros, M.C. Rosu, F. Watanabe, and 

A.S. Biris, Electrochim. Acta 154(2015) 197 . 

[27] S. Tiagarajan, and S.M. Chen, Talanta 74 (2007) 212. 

[28] S. C. Avendan, M.T. R.Silva, M.P. Pardave, L.H. Marti´nez, and M.R. Romo, and G. 

Angeles, J. Applied  Electrochem. 40 (2010) 463 . 

[29] M.A. Kamyabi, and M.F. Aghajanloo, Croatica Chem. Acta 82 (2009) 599  . 

[30] T.S.S.K. Naik, M.M. Mwaurah, and B.E.K. Swamy, J. Electroanal. Chem. 834 (2018) 

71. 

[31] R. N. Goyal, and S.P. Singh, Carbon 46 (2008) 1556. 

[32] Q. Wang, N. Li, and W. Wang, Anal. Sci. 18 (2002) 635. 

[33] Z. Zhu, L. Qu, Y. Guo, Y. Zeng, W. Sun, and X. Huang, Sens. Actuators B 151 (2010) 

146 . 

[34] B. Kaur, T. Pandiyanb, B. Satpati, and R. Srivastava, Colloids and Surfaces B 111 (2013) 

97. 

[35] L.V.D. Silva, F.A.S. Silva, L.T. Kubota, C.B. Lopes, P.R. Lima, E.O. Costa, W.P. Junior, 

and M.O.F. Goulart , J. Solid State Electrochem. 20 (2016) 2389 . 

[36] A. Ali, H. Zafar, M. Zia, I.U. Haq, A.R. Phull, J.S. Ali, and A. Hussain, Nanotechnology 

Science and Applications, 9 (2016) 49 . 

[37] Z. Cheng, A.L.K. Tan, Y. Tao, D. Shan, K.E. Ting, and X.J. Yin, Int. J. Photoenergy 

(2012) 1 . 

[38] E.A. Campos, D.V. B. S. Pinto, J.I.S. de Oliveira, E.C. Mattos, and R.C.L. Dutra, J. 

Aerospace Technol. Management 7 (2015) 267 . 

[39] A. Ali, H. Zafar, M. Zia, I.U. Haq, A. R. Phill, J.S. Ali, and A. Hussain, Nanotechnology Science 

and Applications 9 (2016) 49. 

[40] B.N. Nazar, S. Ata, M. Sultan, A. Ali, A. Abbas, K. Jilani, S. Kamal, F.M. Sarim, M. I. 

Khan, F. Jalal, and M. Iqbal, J. Mater. Res. Technol. 8(2019) 6115. 



Anal. Bioanal. Electrochem., Vol. 15, No. 6, 2023, 444-457                                                               457 

[41] J. Uhrovcik, Talanta 119 (2014) 178 . 

[42] Z. A Alothmaz, N. Bukhari, S. M. Wabaidur, and S.  Haider, Sens. Actuators B 146 

(2010) 314  . 

[43] C. Tang, U. Yogeswaran, and S. Chen, Anal. Chim. Acta 636 (2009)19 . 

[44] W. Sun, Y. Li, Y. Duan, and K. Jiao, Biosens. Bioelectron. 24 (2008) 988 . 

[45] K. Wu, J. Fei, W. Bai, and S. Hu, Anal. Bioanal. Chem. 376 (2003) 205 . 

[46] Y. Fan, K.J. Huang, D.J. Niu, C.P. Yang, and Q.S. Jing, Electrochim. Acta 56 (2011) 

4685. 

[47] A. Abbaspour, and A. Ghaffarinejad, Electrochim. Acta 55 (2010) 1090 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright © 2023 by CEE (Center of Excellence in Electrochemistry) 

ANALYTICAL & BIOANALYTICAL ELECTROCHEMISTRY (http://www.abechem.com) 

Reproduction is permitted for noncommercial purposes. 

http://www.abechem.com/

