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Abstract: In the present study, an electrochemical sensor for the determination of Cu(II) ions in 

aqueous solutions was introduced. This study proposes an electrochemical method using the calyx 

[6]arene-TiO2 nanocomposite modified carbon paste electrode (calyx[6]arene-TiO2/CPE) for the 

determination of metal Cu2+ ion. Calyx[6]arene-TiO2 were synthesized using the hydrolysis method as 

the Cu-binding ionophore. The electrode surface was studied by scanning electron microscopy (SEM), 

and the reduction and oxidation processes were studied by cyclic voltammetry (CV) techniques. The 

effect of modifier composition, scan rate, variation concentration, repeatability, and type of supporting 

electrolyte on the determination of metal ions was investigated. The best composition was 0.005 g 

calyx[6]arene-TiO2 in the carbon paste electrode with a scan rate of 0.5 V/s. The modified electrodes 

showed good performance for Cu2+ ion detection. Under optimum experimental conditions, a linear 

range for metal Cu(II) ions was from 0.1, 0.3, 0.5, 0.8, and 1.0 ppm with respective currents of 500, 

550, 600, 700, and 800 µA. The limit of detection (LOD) for metal Cu2+ ions is found to be 0.022 ppm 

with a relative standard deviation (%RSD) of 0.011%.   
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1. Introduction 

Human activities always produce waste, especially waste originating from industrial 

activities such as heavy metals [1–3]. One heavy metal material that can cause health problems 

is copper (Cu), toxic to living things [4–6]. Various methods have been used for heavy metal 

analysis, including using AAS [7], ICP-OES [8], AFS spectroscopy [9], and ICP-MS 

techniques [10]. This method has the disadvantages of large equipment, high operating costs, 

difficulty in applying in the field, and high detection limits, so it is difficult to detect a small 

amount of metal content [11]. An easy alternative method for heavy metal analysis is needed 

based on the problem, namely the voltammetry technique. 

Recently, analysis of heavy metals using voltammetry techniques based on working 

electrodes such as carbon paste electrodes (CPE) very interested. This electrode has several 

advantages, namely having a wide potential range, does not produce background currents, has 

a varied surface area, is inert, inexpensive, and is suitable for identifying various types of metals 
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[12,13]. Chemical modifications were carried out to increase the rate of electron transfer to the 

electrode surface. The selection of the right modifier is very important in making carbon paste 

electrodes because it plays a role in the reactivity of these electrodes. 

Titanium dioxide (TiO2) is a semiconductor nanomaterial that can conduct electricity. 

Metal properties are strong, lightweight, and have a low density [14–16]. TiO2 has various 

advantages such as photocatalytic activity and high energy efficiency, chemically and 

biologically stable, inexpensive, and non-toxic [17–20]. TiO2 can be used to improve electrode 

stability because it can improve the performance of the electrode response [21–23]. Several 

previous studies have also been carried out in modified CPE with TiO2 [24–27]. 

In this work, we introduced double modification on the CPE to improve the 

performance of CPE by using organic compounds, namely calyx[n]arene. Calix[n]arene is a 

cyclic oligomer compound composed of aromatic units connected by a methylene bridge so 

that it can have different selectivity if the functional groups above and below the annulus ring 

are modified [23]. In this study, we were using calyx[6]arene as a doped on CPE/TiO2. 

Calyx[6]arena compounds are able to form coordination bonds with transition metal ions. This 

is because the calyx[6]arene compound has three oxygen atoms, each with two pairs of free 

electrons to function as a chelating agent. Based on the above background, this research will 

examine the Cu2+ ion metal test using the calyx[6]arene-CPE/TiO2 electrode. The presence of 

calyx[6]arene ionophores is expected to improve the electrode performance of Cu2+ ion 

analysis. 

2. Experimental Methods 

2.1. Apparatus and chemical. 

Calyx[6]arene ionophore synthesized regarding the method reported by Dali et al. [28]. 

Graphite powder (Merck, Germany), TiO2 Degussa P25 powder (Merck, Germany), and 

paraffin oil (d=0.88 g cm-3) were used as electrode components. Buffer citrate pH five was 

used as a supporting NaNO3 electrolyte solution. The CuSO4 solid was used as test solutions, 

and distilled water was used for all solvents. A potentiostat (DY2100B-Digi-Ivy, Inc.) with the 

three-electrode system (calyx[6]arene-CPE/TiO2) as the working electrode, a platinum wire as 

the counter electrode, and an Ag/AgCl 3.0 M KCl as the reference electrode) was used for 

electrochemical analysis. SEM (Hitachi SU3500) was used for the characterization of working 

electrode components. Meanwhile, the phase and crystallinity properties were characterized 

via X-ray diffraction spectroscopy (XRD) using a Philips X-ray diffraction spectrometer with 

CuKα irradiation (λ = 0.154 nm). 

2.2. Synthesis of calyx[6]arene ionophore. 

Calyx[6]arene was obtained by hydrolysis of calyx[n]arene.  2.0 g of material (0.0019 

mol) was mixed with 0.5 g of potassium hydroxide (0.0089 mol), and dissolved in 100 mL of 

96% ethanol. Subsequently, it was refluxed for 24 h at a temperature of 78 °C, refrigerated at 

room temperature, and acidified using 1.0 M HCl. The white precipitate obtained was filtered 

and washed using 1.0 M HCl, followed by distilled water. The precipitate obtained was dried 

in a desiccator and recrystallized. 
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2.3. Preparation of calyx[6]arene-CPE/TiO2 composite. 

Calyx[6]arene, graphite powder, and TiO2 powder were mechanically mashed and 

sieved using 200 mesh. The powder was dissolved in paraffin oil while heated at a temperature 

of 80 °C. The paste formed was inserted in a 3 mm diameter glass tube that connected with a 

copper wire. The calyx[6]arene ionophore was mixed into graphite, and anatase TiO2 are 0.005 

g, 0.010 g, and 0.015 g, respectively. The reference electrode was prepared by mixing anatase 

TiO2, graphite, and paraffin oil with the mass ratio (w/w) 2:3:5. In the final step, composites 

were homogenized at 80 °C. 

2.4. Detection of Cu2+ion. 

The detection of Cu2+ ion using the calyx[6]arene-CPE/TiO2 composite electrode was 

carried out using the three-electrode cyclic voltammetry (CV) method. In the process, the 

detection of Cu2+ ion was performed in a 10 mL NaNO3 electrolyte solution containing 10 mL 

Cu2+ ion in a glass container as an electrochemical cell. The electrochemical performance was 

investigated at a potential of +0.8 to − 0.8 V in a scan rate from 0.1 to 0.8 Vs−1. 

3. Results and Discussion 

3.1. Characterized CPE/TiO2 electrode. 

The anatase CPE/TiO2 nanocomposites have been successfully prepared by using the 

hydrolysis method. TiO2 Degussa P25 calcination obtained a polycrystalline plane with a 

synthetic anatase structure, with diffraction patterns and magnitude of intensity. The 

Diffactrogram of TiO2 pattern of the preparation results can be seen in Figure 1.  

 
Figure 1. (A) XRD diffractogram of anatase TiO2 obtained from calcined Degussa P25; (B-C) scanning 

electron microscopy image of CPE/TiO2 electrode  

The XRD results are shown in Figure 1A. Diffractogram data shows that there are nine 

peaks observed in the spectrum, namely at 2θ 25°, 38°, 48°, 52°, 54°, 63°, 69°, 70°, and 76°. 

The diffraction peak of the data corresponds to the standard diffraction peak of the TiO2 anatase 

(JCPDS file no. 21-1272) with peaks that can be associated with (101), (004), (200), (105) 

(211), (204) and (215) Bragg planes, respectively. According to previous research, this crystal 

field is a characteristic of anatase TiO2 nanoparticles [29–32]. Furthermore, the results of the 
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preparation process of anatase TiO2 are used in the process of making CPE/TiO2 electrodes as 

a modifier. The results CPE/TiO2 of the SEM characterization are shown in Figures 1B and 

1C. The surface of CPE/TiO2 shows a nano-sized crystal structure shown with a smooth coating 

surface. 

3.2. Electrochemical properties of calyx[6]arene-CPE/TiO2 electrode. 

Electrode testing was carried out using the cyclic voltammetry method to determine 

electrode reversibility with the formation of oxidation and reduction peaks. The calyx[6]arene 

ionophore composition was made with a variation of 0.005; 0.010; and 0.015 g of the weight 

of graphite used in making CPE/TiO2 electrodes. The measurement method used in 

voltammetry instrumentation for this study is cyclic voltammetry. Measurement parameters of 

the instrumentation in this research are init E(V) = -0,8; high E(V)= 0,6; low E(V) = -0,8; scan 

rate(v/sec) = 0,5; and sens (A/V):1 e-3. The voltammogram of optimum electrode composition 

is presented in Figure 2A. 

 
Figure 2. (A) Voltammogram mass of calix[6]arene to CPE/TiO2 (a) 0.0 gb) 0.010 g, and (c) 0.005 g, (B-C) 

scanning electron microscopy image of calyx[6]arene-CPE/TiO2 electrode 

Figure 2A shows calyx[6]arene 0.005 g, which is the optimum composition with anodic 

peak current (Ipa) = 700 µA and cathodic peak (Ipc) = -622 µA. The existence of calyx[6]arene 

ionophores as a modifier can also provide a more active place on the surface of CPE/TiO2, as 

evidenced by having a greater Ipa and Ipc value than other composition electrodes. When the 

composition of calyx[6]arene was increasing, it does not positively correlate with the peak 

currents produced. The addition of a large number of calyx[6]arene ionophores also decreases 

the intensity of the oxidation-reduction current. This is related to the reduced amount of 

graphite contained in the paste mixture which acts as a maximum current conductor so that the 

resulting current intensity is not optimal. According to [33,34], mineral oils such as paraffin 

can reduce the electron transfer rate on the electrode's surface. The composition of 

calyx[6]arene ionophores 0.010 g the resulting current is small even though the amount of 

graphite added is the largest. Comparison of anodic and cathodic peak currents states that the 

reactions that occur in the Fe(CN)6
3-/Fe(CN)6

4- system are reversible [35–37]. 

The results obtained on SEM characterization of CPE/TiO2 and calyx[6]arene-

CPE/TiO2 electrode show that the two images are relatively different. SEM results from the 
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CPE/TiO2 surface revealed a nanocrystal structure shown with a smoother surface layer, as 

shown in Figures 1A and 1B. Whereas the calyx[6]arene-CPE/TiO2 showed the rough surface 

coating, and the existence of calyx[6]arene ionophores grain particles covered the surface of 

graphite on the electrode (Figures 2B and 2C). Based on SEM analysis, it can be seen that the 

spread of calyx[6]arene constituent particles are evenly spread and indicated that calyx[6]arene 

ionophores coated the surface of graphite particles. 

3.3. Effect of scan rate. 

The optimum scan rate testing was performed using a Cu2+ one ppm solution with a 0.1 

M NaNO3 supporting solution. Calyx[6]arene-CPE/TiO2 was used with a weight composition 

of 0.005 g. The optimum scan rate testing uses variations in the scan rate of 0.1 V/s, 0.3 V/s, 

0.5V/s, and 0.8 V/s. 

 

Figure 3. Voltammogram of Cu2+ under different scan rates, i.e. (a) 0.1 V/s, (b) 0.3 V/s, (c) 0.5 V/s, and (d) 0.8 

V/s 

Voltammogram in Figure 3 shows that the greater the scan rate, the higher value Ipa and 

Ipc produced. A high scan rate can produce high peak currents because the electron transfer 

occurs quickly [34,38–40]. The best scan rate is shown at a scan rate of 0.8 V/s indicated by 

the obtained Ipa, which is higher than the other scan rates of 701 μA and Ipc value of -522 μA. 

3.4. Limit detection and stability of calyx[6]arene-CPE/TiO2 electrode. 

Peak current measurements were carried out at optimum conditions. The measurement 

result data is made a calibration curve, namely the plot between concentration and standard 

solution on the x-axis with the peak current on the y-axis. Voltamograms and plot calibration 

curves of Cu2+ standard solutions measured using calyx[6]arene-CPE/TiO2 electrode were 

shown in Figures 4A and 4B. 

The plot between the concentration of Cu2+ and the value of Ipa, lies in concentrations 

of 0.1 -0.8, value slope 65, intercept 425, and R2 = 0.965. The determination coefficient value 

Cu2+ gives good results because it approaches [41–43]. The detection limit can be determined 

in the area of linearity at the lowest concentration value. This is based on the opinion of [44], 

which states that the level of correlation R correlation values with a range of 0.1 to 0.8 has a 

very strong linear relationship. 
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Figure 4. (A) Voltammogram of Cu2+ on various concentration variations; (B) Ipa ion value Cu2+ on various 

concentration variations; (C) current stability of calyx[6]arene-CPE/TiO2 to Cu2+ ion.  

High performance on composite electrodes is due to the fast transfer of electrons on the 

surface of the electrode, which is supported by compact structural properties and high 

conductivity, and very active physics-chemical processes as a result of the incorporation of 

anatase TiO2 and calyx[6]arene ionophore into the CPE matrix. Based on the calculation 

results, the detection limit of Cu2+ ion using calyx[6]arene-CPE/TiO2 electrode was 0.022. 

ppm. Calyx[6]arene-CPE/TiO2 is also stable in analyzing Cu2+ ions with an RSDR value (%) 

of 1.1%, shown in Figure 4C. 

4. Conclusions 

The use of calyx[6]arene-CPE/TiO2 electrode as a working electrode significantly 

increases the peak current oxidation (Ipa) and reduction (Ipc) of Cu2+ ions. The high performance 

of electrodes was due to the fast transfer of electrons on the surface electrode, compact 

structural properties and high conductivity support it, and very active physics-chemical 

processes as a result of the incorporation of anatase TiO2 and calyx[6]arene ionophores. The 

combination of calyx[6]arene-CPE/TiO2 composites shows excellent performance in 

facilitating the electron transfer process on the working electrode surface. High stability has 

shown calyx[6]arene-CPE/TiO2 with a value of R = 0.96; LOD value 0.022 ppm; and RSDR% 

value of 1.1%. This is used to determine Cu2+ ions by using the voltammetry method as an 

initial step in obtaining new composite materials with high sensitivity and performance. 

Funding 

We acknowledge the financial support from the DRPM-Ministry of Research, Technology and 

Higher Education of the Republic of Indonesia under the research grant no 

171/SP2H/LT/DRPM/2019. 

https://doi.org/10.33263/BRIAC123.28432851
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC123.28432851  

 https://biointerfaceresearch.com/ 2849 

Acknowledgments 

The authors declare no acknowledgments. 

Conflicts of Interest 

We declare that this article has no conflict of interest 

References   

1.  Satti, Z.; Akhtar, M.; Mazhar, N.; Khan, S.U.; Ahmed, N.; Yasir, Q.M.; Irshad, M.; Pervaiz, R.; Ahmad, 

W. Adsorption of cadmium from aqueous solution onto untreated gypsum rock material: Equilibrium and 

kinetics. Biointerface Res. Appl. Chem 2020; 11, pp. 10755–10764. 

2.  Zayed, M.; Othman, H.; Ghazal, H.; Hassabo, A.G. Psidium Guajava Leave Extract as Reducing Agent 

for Synthesis of Zinc Oxide Nanoparticles and Its Application to Impart Multifunctional Properties for 

Cellulosic Fabrics. Biointerface Research in Applied Chemistry 2021; 11, pp. 13535–13556. 

3.  Paull, B.; Nurdin, M.; Haddad, P.R.; Nesterenko, P. Separation of metal ions using a polymeric reversed-

phase column and a Methylthymol Blue containing mobile phase. Analytical Communications 1998; 35, 

pp. 17–20. 

4.  Ezzat, H.; Menazea, A.A.; Omara, W.; Basyouni, O.H.; Helmy, S.A.; Mohamed, A.A.; Tawfik, W.; 

Ibrahim, M. DFT: B3LYP/LANL2DZ Study for the Removal of Fe, Ni, Cu, As, Cd and Pb with Chitosan. 

Biointerface Res. Appl. Chem 2020; 10, pp. 7002–7010. 

5.  Fathollahi, A.; Coupe, S.J.; El-Sheikh, A.H.; Nnadi, E.O. Cu (II) biosorption by living biofilms: 

Isothermal, chemical, physical and biological evaluation. Journal of Environmental Management 2021; 

282, pp. 111950. 

6.  Jagaba, A.H.; Kutty, S.R.M.; Hayder, G.; Baloo, L.; Ghaleb, A.A.S.; Lawal, I.M.; Abubakar, S.; Al-dhawi, 

B.N.S.; Almahbashi, N.M.Y.; Umaru, I. Degradation of Cd, Cu, Fe, Mn, Pb and Zn by Moringa-oleifera, 

zeolite, ferric-chloride, chitosan and alum in an industrial effluent. Ain Shams Engineering Journal 2021; 

12, pp. 57–64. 

7.  AlKinani, A.; Eftekhari, M.; Gheibi, M. Ligandless dispersive solid phase extraction of cobalt ion using 

magnetic graphene oxide as an adsorbent followed by its determination with electrothermal atomic 

absorption spectrometry. International Journal of Environmental Analytical Chemistry 2021; 101, pp. 

17–34. 

8.  Usman, K.; Al Jabri, H.; Abu-Dieyeh, M.H.; Alsafran, M.H.S.A. Comparative Assessment of Toxic 

Metals Bioaccumulation and the Mechanisms of Chromium (Cr) Tolerance and Uptake in Calotropis 

procera. Frontiers in Plant Science 2020; 11, pp. 883. 

9.  Movahhedi, F.; Maghsodi, A.; Adlnasab, L. Response surface methodology for heavy metals removal by 

tioglycolic-modified Zn–Fe layer double hydroxide as a magnetic recyclable adsorbent. Chemical Papers 

2020; 74, pp. 3169–3182. 

10.  Alsehli, B.R.M. Evaluation and Comparison between a Conventional Acid Digestion Method and a 

Microwave Digestion System for Heavy Metals Determination in Mentha Samples by ICP-MS. Egyptian 

Journal of Chemistry 2021; 64, pp. 869–881. 

11.  Nurdin, M.; Agusu, L.; Putra, A.A.M.; Maulidiyah, M.; Arham, Z.; Wibowo, D.; Muzakkar, M.Z.; Umar, 

A.A. Synthesis and electrochemical performance of graphene-TiO2-carbon paste nanocomposites 

electrode in phenol detection. Journal of Physics and Chemistry of Solids 2019; 131, pp. 104–110. 

12.  Shu, H.; Chen, Y.; Wu, N. Analysis of pesticides based on immobilized housefly head 

acetylcholinesterase reactor with choline oxidase and horseradish peroxidase carbon paste electrode. 

Journal of the Chinese Chemical Society 2021; 68, pp. 306–314. 

13.  Ali, R.A.S.; Keshavayya, J.; Jagadisha, A.S.; Umesh, S.D. Copper (II) phthalocyanines: Electrode 

modification and sensing studies. Materials Today: Proceedings 2021; 36, pp. 853–856. 

14.  Wibowo, D.; Muzakkar, M.Z.; Saad, S.K.M.; Mustapa, F.; Maulidiyah, M.; Nurdin, M.; Umar, A.A. 

Enhanced visible light-driven photocatalytic degradation supported by Au-TiO2 coral-needle 

nanoparticles. Journal of Photochemistry and Photobiology A: Chemistry 2020; 398, pp. 112589. 

15.  Wibowo, D.; Sufandy, Y.; Irwan, I.; Azis, T.; Maulidiyah, M.; Nurdin, M. Investigation of nickel slag 

waste as a modifier on graphene-TiO2 microstructure for sensing phenolic compound. Journal of 

Materials Science: Materials in Electronics 2020; https://doi.org/10.1007/s10854-020-03996-2. 

16.  Nurdin, M.; Arham, Z.; Rasyid, J.; Maulidiyah, M.; Mustapa, F.; Sosidi, H.; Ruslan, R.; Salim, L.O.A. 

Electrochemical performance of carbon paste electrode modified TiO2/Ag-Li (CPE-TiO2/Ag-Li) in 

determining fipronil compound. In Proceedings of the Journal of Physics: Conference Series; IOP 

Publishing, 2021; Vol. 1763, p. 12067. 

17.  Maulidiyah, M.; Wibowo, D.; Herlin, H.; Andarini, M.; Ruslan, R.; Nurdin, M. Plasmon enhanced by Ag-

doped S-TiO2/Ti electrode as highly effective photoelectrocatalyst for degradation of methylene blue. 

https://doi.org/10.33263/BRIAC123.28432851
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC123.28432851  

 https://biointerfaceresearch.com/ 2850 

Asian J. Chem. 2017; 29, pp. 2504–2508. 

18.  Nurdin, M.; Azis, T.; Maulidiyah, M.; Aladin, A.; Hafid, N.A.; Salim, L.O.A.; Wibowo, D. Photocurrent 

Responses of Metanil Yellow and Remazol Red B Organic Dyes by Using TiO2/Ti Electrode. IOP 

Conference Series: Materials Science and Engineering 2018; 367, https://doi.org/10.1088/1757-

899X/367/1/012048. 

19.  Mursalim, L.O.; Ruslan, A.M.; Safitri, R.A.; Azis, T.; Wibowo, D.; Nurdin, M. Synthesis and 

photoelectrocatalytic performance of Mn-N-TiO2/Ti electrode for electrochemical sensor. In Proceedings 

of the IOP Conference Series: Materials Science and Engineering; IOP Publishing, 2017; Vol. 267, p. 

12006. 

20.  Nurdin, M.; Zaeni, A.; Rammang, E.T.; Maulidiyah, M.; Wibowo, D. Reactor design development of 

chemical oxygen demand flow system and its application. Anal. Bioanal. Electrochem. 2017; 9,. 

21.  Natsir, M.; Putri, Y.I.; Wibowo, D.; Maulidiyah, M.; Azis, T.; Bijang, C.M.; Mustapa, F.; Irwan, I.; 

Arham, Z.; Nurdin, M. Effects of Ni–TiO 2 Pillared Clay–Montmorillonite Composites for Photocatalytic 

Enhancement Against Reactive Orange Under Visible Light. Journal of Inorganic and Organometallic 

Polymers and Materials 2021; pp. 1–11. 

22.  Joseph, T.; Thomas, N. A facile electrochemical sensor based on titanium oxide (TiO2)/reduced graphene 

oxide (RGO) nano composite modified carbon paste electrode for sensitive detection of epinephrine (EP) 

from ternary mixture. Materials Today: Proceedings 2021; 41, pp. 606–609. 

23.  Nurdin, M.; Dali, N.; Irwan, I.; Maulidiyah, M.; Arham, Z.; Ruslan, R.; Hamzah, B.; Sarjuna, S.; Wibowo, 

D. Selectivity Determination of Pb2+ Ion Based on TiO2-Ionophores BEK6 as Carbon Paste Electrode 

Composite. ANALYTICAL & BIOANALYTICAL ELECTROCHEMISTRY 2018; 10, pp. 1538–1547. 

24.  Nurdin, M.; Maulidiyah, M.; Muzakkar, M.Z.; Umar, A.A. High performance cypermethrin pesticide 

detection using anatase TiO2-carbon paste nanocomposites electrode. Microchemical Journal 2019; 145, 

pp. 756–761. 

25.  Maulidiyah, M.; Azis, T.; Lindayani, L.; Wibowo, D.; Salim, L.O.A.; Aladin, A.; Nurdin, M. Sol-gel 

TiO2/Carbon Paste Electrode Nanocomposites for Electrochemical-assisted Sensing of Fipronil Pesticide. 

JOURNAL OF ELECTROCHEMICAL SCIENCE AND TECHNOLOGY 2019; 10, pp. 394–401. 

26.  Nurdin, M.; Prabowo, O.A.; Arham, Z.; Wibowo, D.; Maulidiyah, M.; Saad, S.K.M.; Umar, A.A. Highly 

sensitive fipronil pesticide detection on ilmenite (FeO. TiO2)-carbon paste composite electrode. Surfaces 

and Interfaces 2019; 16, pp. 108–113. 

27.  Ensafi, A.A.; Bahrami, H.; Rezaei, B.; Karimi-Maleh, H. Application of ionic liquid-TiO2nanoparticle 

modified carbon paste electrode for the voltammetric determination of benserazide in biological samples. 

Materials Science and Engineering C 2013; 33, pp. 831–835 https://doi.org/10.1016/j.msec.2012.11.008. 

28.  Dali, N.; Wahab, A.W.; Nurdin, M. Synthesis of Hexa ( p-tert-butyl ) hexa ( carboxylic acid ) calix [ 6 ] 

arene from Hexa ( p-tert-butyl ) hexa ( ethyl ester ) calix [ 6 ] arene. International Journal of ChemTech 

Research 2016; 9, pp. 486–490. 

29.  Zul, A.; Muhammad, N.; Buchari, B. Photoelectrocatalysis performance of la2O3 doped TiO2/Ti 

electrode in degradation of rhodamine B organic compound. International Journal of ChemTech Research 

2016; 9, pp. 113–130. 

30.  Maulidiyah; Azis, T.; Nurwahidah, A.T.; Wibowo, D.; Nurdin, M. Photoelectrocatalyst of Fe co-doped 

N-TiO2/Ti nanotubes: Pesticide degradation of thiamethoxam under UV–visible lights. Environmental 

Nanotechnology, Monitoring and Management 2017; 8, https://doi.org/10.1016/j.enmm.2017.06.002. 

31.  Hunge, Y.M.; Yadav, A.A.; Mahadik, M.A.; Bulakhe, R.N.; Shim, J.J.; Mathe, V.L.; Bhosale, C.H. 

Degradation of organic dyes using spray deposited nanocrystalline stratified WO3/TiO2 photoelectrodes 

under sunlight illumination. Optical Materials 2018; 76, pp. 260–270. 

32.  Pei, Z.; Zhu, M.; Huang, Y.; Huang, Y.; Xue, Q.; Geng, H.; Zhi, C. Dramatically improved energy 

conversion and storage efficiencies by simultaneously enhancing charge transfer and creating active sites 

in MnOx/TiO2 nanotube composite electrodes. Nano Energy 2016; 20, pp. 254–263. 

33.  Huang, H.; Li, T.; Jiang, M.; Wei, C.; Ma, S.; Chen, D.; Tong, W.; Huang, X. Construction of flexible 

enzymatic electrode based on gradient hollow fiber membrane and multi-wall carbon tubes meshes. 

Biosensors and Bioelectronics 2020; 152, pp. 112001. 

34.  Li, H.; Deng, Z.; Tian, Q.; Lun, L.; Zhao, P.; Yang, X.; Shen, J.; Jiang, B.; Zhou, Y.; Zhou, T. Application 

of carbon nanotubes and zwitterionic surfactant-modified acetylene black electrode for the determination 

of triclosan in household commodities. International Journal of Environmental Analytical Chemistry 

2020; pp. 1–14. 

35.  Kumar, V.; Gobi, K.V.; Lee, S.E.; Kim, K.-H.; Tsang, Y.F.; Goud, K.Y.; Kailasa, S.K. Progress on 

nanostructured electrochemical sensors and their recognition elements for detection of mycotoxins: A 

review. Biosensors and Bioelectronics 2018; 121, pp. 205–222 

https://doi.org/10.1016/j.bios.2018.08.029. 

36.  Hassaninejad-Darzi, S.K.; Shajie, F. Simultaneous determination of acetaminophen, pramipexole and 

carbamazepine by ZSM-5 nanozeolite and TiO2 nanoparticles modified carbon paste electrode. Materials 

Science and Engineering C 2018; 91, pp. 64–77 https://doi.org/10.1016/j.msec.2018.05.022. 

37.  Lin, H.; Ji, X.; Chen, Q.; Zhou, Y.; Banks, C.E.; Wu, K. Mesoporous-TiO2 nanoparticles based carbon 

https://doi.org/10.33263/BRIAC123.28432851
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC123.28432851  

 https://biointerfaceresearch.com/ 2851 

paste electrodes exhibit enhanced electrochemical sensitivity for phenols. Electrochemistry 

communications 2009; 11, pp. 1990–1995. 

38.  Mahmoud, A.M.; Mahnashi, M.H.; El-Wekil, M.M. Indirect differential pulse voltammetric analysis of 

cyanide at porous copper based metal organic framework modified carbon paste electrode: Application to 

different water samples. Talanta 2021; 221, pp. 121562. 

39.  Hamzah, H.H.; Saleh, N.H.; Patel, B.A.; Mahat, M.M.; Shafiee, S.A.; Sönmez, T. Recycling Chocolate 

Aluminum Wrapping Foil as to Create Electrochemical Metal Strip Electrodes. Molecules 2021; 26, pp. 

21. 

40.  Pour, B.H.; Haghnazari, N.; Keshavarzi, F.; Ahmadi, E.; Zarif, B.R. High sensitive electrochemical sensor 

for imatinib based on metal-organic frameworks and multiwall carbon nanotubes nanocomposite. 

Microchemical Journal 2021; 165, pp. 106147. 

41.  Abd El-Raheem, H.; Hassan, R.Y.A.; Khaled, R.; Farghali, A.; El-Sherbiny, I.M. Polyurethane-doped 

platinum nanoparticles modified carbon paste electrode for the sensitive and selective voltammetric 

determination of free copper ions in biological samples. Microchemical Journal 2020; 155, pp. 104765. 

42.  Laghlimi, C.; Ziat, Y.; Moutcine, A.; Hammi, M.; Zarhri, Z.; Maallah, R.; Ifguis, O.; Chtaini, A. Analysis 

of Pb (II), Cu (II) and Co (II) in drinking water by a new carbon paste electrode modified with an organic 

molecule 2020; 

43.  Niu, B.; Yao, B.; Zhu, M.; Guo, H.; Ying, S.; Chen, Z. Carbon paste electrode modified with fern leave-

like MIL-47 (as) for electrochemical simultaneous detection of Pb (II), Cu (II) and Hg (II). Journal of 

Electroanalytical Chemistry 2021; 886, pp. 115121. 

44.  Fisher, R.A.; Yates, F. Statistical tables for biological, agricultural and medical research; Oliver and 

Boyd Ltd, London, 1943; 

  

 

https://doi.org/10.33263/BRIAC123.28432851
https://biointerfaceresearch.com/

