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Abstract- The precipitation method was utilized to prepare MgO nanoparticle (MgO/NPs) 

without using surfactant in this study, the MgO/NPs was examined by XRD, SEM, and EDS 

analysis. The MgO/MCPE was developed and used for the oxidation of paracetamol (PA) in 

presence of ascorbic acid (AA) study by using cyclic voltammetric (CV) and differential pulse 

voltammetric (DPV) techniques. Finally, the developed sensor shows good electrocatalytic 

performance in pH and scan rate studies. From the concentration study for the voltammetric 

determination of PA, the limit of detection was found to be 4.33 µM for PA at MgO/MCPE, 

the practical purpose of the MgO/MCPE was utilized to evaluate PA in real sample analysis. 

 

Keywords- Ascorbic acid; Paracetamol; MgO nanoparticle; Electrochemical Sensors; 

Modified carbon paste electrode  
 

1. INTRODUCTION  

Paracetamol (PA), Scheme 1, is utilized as an antipyretic and analgesic medication that is 

used to treat fevers and discomfort [1]. It improves cough and cold symptoms and back, 
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headache, and toothache discomfort [2]. It's also a non-carcinogenic, and efficient aspirin [3]. 

PA's toxicity at high doses might lead to hepatotoxicity and nephrotoxicity is related to liver 

failure. It can also cause skin rashes and inflammation of the pancreas [4]. The widespread 

therapeutic use of this medicine necessitated the development of quick, easy, and accurate 

approaches for detecting PA for quality control and medical monitoring [5]. 

 

 

Scheme 1. Oxidation of Paracetamol 

 

Ascorbic acid (AA) is commonly found in various biological systems, foods, drinks, and 

pharmaceutical goods [6]. The reductive characteristics of ascorbic acid are well known, and 

it is quickly oxidized to create dehydroascorbic acid [7]. It has the potential to operate as a 

strong antioxidant in the battle against illnesses caused by free radicals. AA has been used to 

prevent colds and mental sickness [8]. Excess AA can cause gastrointestinal irritation, while a 

deficit causes scurvy, which causes a variety of illnesses including Alzheimer's disease, 

atherosclerosis, cancer, infertility, and HIV infections [9]. The determination of biological 

substances, for example, high-performance mass spectrometry [10,11], capillary 

electrophoresis [12], and liquid chromatography [13] have been announced due to their 

importance. 

Because of its significance, analytical technologies such as high-performance mass 

spectrometry [14], capillary electrophoresis [15], and liquid chromatography [16] have been 

proclaimed for the determination of biological substances [17]. However, these activities are 

difficult because of the difficult sample preparation, high cost, and need for quick analysis. In 

contrast to these sophisticated approaches, Electrochemical sensors have gotten a lot of 

attention because of their rapid and quick reaction, clarity in the experimental procedure, strong 

stability, low detection limit, outstanding repeatability, and inexpensive cost [18]. Carbon paste 

electrodes have been used as electrodes in recent years due to their simple creation, rapid 

reaction, and good sensitivity [19,20].  

Magnesium nanoparticles are employed in a variety of applications, including electronics, 

catalysis, ceramics, petrochemical products, hazardous waste remediation, paints, 
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superconducting goods, optical, antimicrobial, and antibacterial activity [21,22]. MgO/NPs are 

an excellent wide-bandgap insulator with applications in catalysis, hazardous waste 

remediation, refractory, paint, transparent ceramics, absorbent for numerous pollutants, and 

superconductor goods [23,24]. Furthermore, MgO/NPs appear to be excellent building blocks 

for the creation of functional nanostructures or as a model compound for the study of surface 

reactivity on oxides. 

Due to the quantum confinement effect, its nanostructures are projected to exhibit unique 

characteristics that are superior to their bulk counterparts [25-27]. As a result, several in-depth 

investigations have been conducted to synthesize nanoscale. MgO/NPs have been synthesized 

utilizing a variety of techniques, including sol-gel, combustion, co-precipitation, and spray 

pyrolysis [29-30]. 

In the previous study [31], the synthesis of MgO nanoparticles with surfactant and in this 

work, without adding surfactant in the preparation of MgO/NPs was examined to determine 

PA in the presence of AA utilizing CV and DPV methods. 

 

2. EXPERIMENTAL SECTION 

2.1. Reagents  

The chemicals AA and PA were got from Himedia. The stock solution was prepared from 

double distilled (DD) water. The phosphate buffer solution (PBS) was prepared by mixing the 

stoichiometric ratio of NaH2PO4·H2O and Na2HPO4. All aqueous solutions were prepared with 

DD water. 

 

2.2. Equipment 

Electrochemical experiments were carried out with a CHI-660c (CH Instrument-660 

electrochemical workstation). Bare and MgO/MCPE were used for working electrodes. The 

platinum electrode act as a counter electrode and the saturated calomel electrode (SCE) as a 

reference electrode. 

 

2.3. Synthesis of MgO nanoparticle 

The synthesized MgO nanoparticles results were already reported in the previous paper 

with reference number [31]. 

 

2.4. Fabrication of BCPE and MgO/MCPE 

The bare carbon paste electrode (BCPE) was prepared by hand mixing 70% graphite 

powder and 30% silicone oil in an agate mortar for about 30 minutes to get a homogeneous 

carbon paste obtained. In addition, the Magnesium Oxide modified carbon paste electrode 
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(MgO/MCPE) was made by mixing 61% graphite powder, 2 mg of 6% MgO/NPs, and 33% 

silicone oil in an agate mortar to make a homogenous carbon paste. The paste was then packed 

into the end of a 3 mm internal diameter polyvinyl tubing (PVC) tube and smoothed out on 

tissue paper to create a new surface. Similarly, the 4, 6, and 8 mg of MgO/MCPE were 

synthesized in the same manner described above. 

 

3. RESULTS AND DISCUSSION 

3.1. Characterization of MgO nanoparticle  

The MgO nanoparticle characterized data results were already discussed in the previous 

paper with reference number [31]. 

 

3.2. Comparative study for BCPE and different amounts (MgO/MCPE) 

Figure 1 depicts the electrochemical behavior of PA at MCPE in the presence of PBS 

solution investigated and compared with BCPE, the oxidation curve of PA at BCPE showed a 

reversible nature. The CVs with MCPE, in the presence of 2 mg of MgO/NPs showed well-

defined redox peaks obtained with the MgO/MCPE, and the addition of 4 mg of MgO/MCPE 

showed significant empowerment in the peak current. Further, 4 mg MgO/MCPE demonstrates 

increasing peak current comparatively more than other modified electrodes. Finally, the 6 mg 

of MgO/MCPE decreased the redox peak current. Therefore, 4 mg of MgO/MCPE shows more 

sensitivity and choose for further parameter studies. 

 

 
 

Figure 1. Cyclic voltammograms obtained for BCPE and different amounts of MgO/MCPE 
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3.3. Electrocatalytic nature of PA at BCPE and MgO/MCPE 

In the analysis of PA, both BCPE and MgO/MCPE are used. The voltammograms for 10 

µM PA in 0.2 M PBS at a scan rate of 50 mVs-1 at MgO/MCPE, the dotted line (BCPE), and 

the solid line (MCPE), The BCPE show poor electrochemical response with showed peak 

potential at 0.38 V. The MgO/MCPE indicating a significant enhancement of anodic peak 

current and observed peak potential at 0.32 V are shown in Figure 2. Thus, from the above 

results the MgO/MCPE proved more sensitivity and more electrocatalytic activity toward the 

determination of PA.  

 

 

Figure 2. CVs obtained for 10µM PA at BCPE (dotted line) and MgO/MCPE (solid line) in 

0.2 M PBS at scan rate 50mVs-1 

 

3.4. Impact of pH variation at MgO/MCPE 

The MgO/MCPE is used to investigate the effect of pH on PA oxidation. The acquired CVs 

for PA in the pH range of 5.8–7.8 are shown in Figure 3A. The graph defined that as the pH 

changed from 5.8, 6.2, 6.6, 7.0, 7.4, and 7.8. The peak potential drifted to the negative side. In 

Figure 3B the slope value of 75 mV/pH is near the Nernstian value of 59 mV. This result 

indicates that an equal number of electrons and proton transfers occurred.  

 

3.5. Impact of sweep rate at MgO/MCPE 

To see how sweep rates influenced PA oxidation, the MgO/MCPE was used. The 10 µM 

PA was tested at scan speeds from 0.05 to 0.5 Vs-1. Figure 4A showed as the sweep rate 

increases with increasing the anodic peak current and the anodic peak potential moved towards 
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the more positive side. Figure 4B displays the graph of Ipa versus sweep rate, and the results 

show good linearity, with the observed correlation coefficient R2=0.9964 and the Figure 4C 

square root of sweep rate R2=0.9891, from this study implying that the adsorption electrode 

process.   

 

Figure 3. (A) CVs obtained for 10µM PA with different pH from 5.8 to 7.8 at scan rate 50 

mVs-1; (B) Plot of Epa v/s different pH 

 

 

Figure 4. (A) CVs of 10µM PA in pH 7.4 at MgO/MCPE, at varied sweep rates from 0.05, to 

0.5 V s−1; (B) Plot of Ipa of PA v/s different sweep rate; (C) Plot of  Ipa of  PA v/s square root 

of scan rate 
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3.6. Impact of concentration at MgO/MCPE 

The voltammograms taken for various concentrations of PA from 10 to 100 µM are shown 

in Figure 5A. The voltammograms in Figure 5B show a rise in anodic peak current increases 

with increasing in PA concentrations from 10 to 100 µM, indicating that the concentration 

influences PA oxidation.  

 

 

Figure 5. (A) CVs on MgO/MCPE in PBS (pH 7.4) with varied PA concentrations from 10 to 

90 µM; (B) Linear graph of Ipa v/s varied concentration of PA 

 

The correlation coefficient R2= 0.9994 was discovered, and the LOD [32] is 4.33 µM and 

the LOQ [32] is 14.36 µM was used to compute the detection limit. Where ‘M’ is the slope and 

‘S’ is the standard deviation from the calibration plots. The detection limit of PA at 

MgO/MCPE and other reported modified electrodes were shown in Table 1. 

 

Table 1. The comparison of LOD for PA with the other reported electrodes 

 

Sl. No Electrode Detection limit          

(µM) 

Technique References 

1 Pd/ Al 5.0 DPV [34] 

2 MgO/TX-100/MCPE 6.2 CV [35] 

3 Bi2O3/GCE 5.05 CV [36] 

    4 TiO2/MCPE 5.2 CV [37] 

5 MgO/MCPE 4.3 CV This work 
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3.7. Electrochemical characterization of AA at BCPE and MgO/MCPE 

Figure 6 displays the CVs of 10 µM AA at BCPE and MgO/MCPE. At the BCPE of AA 

(dashed line) showing a poor peak, current response and oxidation take place at 0.231 V. On 

the other hand, MgO/MCPE (solid line) increases the peak current response more, and the peak 

potential at 0.184 V compared to that of BCPE. This result suggests the MgO/MCPE improved 

more electrocatalytic activity than BCPE.  

 

 

Figure 6. CVs, of 10 µM AA in pH 7.4 at BCPE and MgO/MCPE are represented as a dotted 

line and a solid line respectively 

 

3.8. Impact of scan rate of AA at MgO/MCPE 

The influence of scan rate on the electrochemical property of AA was studied at 

MgO/MCPE. As shown in Figure 7A, a series of voltammograms were created at various scan 

speeds ranging from 0.05 to 0.5 Vs-1. Figure 7B indicates that as the scan rate rises, so does the 

peak current (Ipa) of AA, demonstrating a linear relationship. Figure 7C shows that the electrode 

process of AA at the MgO/MCPE is an adsorption-controlled process (R2=0.9909) and the 

linear regression value (R2=0.9987). 

 

3.9. Impact of concentration of AA at MgO/MCPE 

At MgO/MCPE, the effect of concentration on AA oxidation was investigated. As the 

concentration grows, the anodic peak current rises with it, as seen in Figure 8A. The curve of 

Ipa against concentration is shown in Figure 8B. R2=0.9904 was determined to be the correlation 

coefficient. The LOD and LOQ are 11.7 and 35.5 M, respectively [33]. 
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Figure 7. (A) CVs of 10 µM AA at varied scan rates from 0.05– 0.5 V s−1; (B) plot of Ipa of 

AA versus different scan rates; (C) plot of Ipa of AA versus square root of scan rates 

 

 

Figure 8. (A) CVs of MgO/MCPE in 0.2M PBS solution at different concentrations of (10 µM 

to 90 µM) of AA with scan rate 50 mV s; (B) Plot of Ipa of AA v/s different concentrations of 

AA 

 

3.10. Simultaneous determination of AA and PA  

The MgO/MCPE and BCPE were utilized to examine AA in the presence of PA. Figure 9 

depicts the dotted line indicating BCPE, and the solid line represents MgO/MCPE. In the 
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simultaneous determination of AA and PA, the current response of BCPE is poor, but the 

current response of MgO/MCPE is better, with two well-defined oxidation peak potentials of 

0.15 V for AD and 0.28 V for PA, implying that the electrochemical nature of MgO/MCPE is 

superior to BCPE in sensing AA and PA. 

 

 

Figure 9. CVs of a binary mixture of PA and AA in 0.2M PBS of pH 7.4 at BCPE (dotted line) 

and MgO/MCPE (solid line) at scan rate 50 mV s-1 

 

3.11. Interference analysis of AA and PA 

Paracetamol is thought to be a possible ascorbic acid interfering substance. The interference 

research at MgO/MCPE was carried out using the differential pulse voltammetric (DPV) 

method. CVs for two compounds (PA and AA) in PBS in pH 7.4 at a sweep rate of 50 mVs-1 

are shown in Figure 10A and Figure 10B. The anodic peak current of PA is steadily increasing 

owing to an increase in PA concentration alone, whilst the peak current of AA stays constant 

in Figure 10a. Similarly, in Figure 10b anodic peak current of AA increases with increasing 

concentration of AA while keeping the PA constant. The measured voltammograms led to the 

conclusion that PA and AA oxidation occurs independently of one another, resolving the issue 

of interference in MgO/MCPE. 

 

3.12. Real sample analysis 

The PA tablet (Dolo-650) sample was bought from Harson Laboratories, and the tablet 

sample was diluted in PBS (0.2 M) to achieve the desired concentration. The percentage 

recoveries obtained from the experimental findings reveal good recovery at the MgO/MCPE, 

which is given in Table 2. 
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Figure 10. (A) DPVs of PA in 0.2 M PBS of pH 7.4 at MgO/MCPE with different 

concentrations in the range of 10 to 90 µM; (B) DPVs of PA in 0.2 M PBS of pH 7.4 at 

MgO/MCPE with different concentrations in the range of 10 to 90 µM 

 

Table 2. Detection of PA in tablet sample at MgO/MCPE (n=3) 

Sample PA added (µM) Found (µM) Recovery (%) 

 

PA tablet 10 9.85 97.23 

20 18.62 94.42 

30 28.13 96.51 

 

4. CONCLUSION 

The MgO nanoparticle was produced using the precipitation process without using 

surfactant in this study, and then spectroscopically characterized. The MgO/MCPE has shown 

good electrocatalytic effects on PA and AA oxidation as evidenced by the scan rate which 

reveals that both have a heterogeneous rate constant. The concentration study determines the 

detection limit for PA was 4.33 µM and 11.7 µM limit of quantification, respectively. The 

interference investigation revealed that PA and AA oxidation were independent of one another. 

As a result, the MgO/MCPE appears to be a viable method for determining additional 

neurotransmitters. 
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