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Abstract 
In the present work, a voltammetric sensor for levodopa (L-DOPA) was fabricated based on Bi2MoO6 

nanostructure-modified carbon paste electrodes (Bi2MoO6/CPE). Bi2MoO6 nanostructures were 

synthesized via the solvothermal procedure and characterized by X-ray diffraction pattern. The 

Bi₂MoO₆/CPE exhibited an enhanced current response for L-DOPA, which we attribute to the good 

electrocatalytic activity of the Bi2MoO6 nanostructures. Furthermore, the Bi2MoO6/CPE sensor was 

applied to determine L-DOPA in the presence of acetaminophen (ACT). The anodic peaks for L-DOPA 

and ACT were well-resolved in their mixture, enabling their simultaneous determination. The 

voltammetric measurements at pH 7.0 revealed distinct anodic peaks for the two analytes, located 

at approximately 350 mV (L-DOPA) and 530 mV (ACT). Using differential pulse voltammetry, a linear 

correlation was observed between the oxidation peak current and L-DOPA concentration over the 

range 0.02 to 590.0 μM. The limit of detection was determined to be 0.009 μM. The practical 

applicability of the Bi2MoO6/CPE sensor was successfully demonstrated through the assay of L-DOPA 

and ACT in real samples. 
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Introduction 

Parkinson's disease is a widespread condition affecting the nervous system, marked by the 

gradual, ongoing degeneration of dopamine-producing nerve cells in a specific area of the midbrain 
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known as the substantia nigra pars compacta. Thus, this progressive neurological condition arises 

from a significant deficiency in the brain's dopamine production. The incidence of Parkinson's 

disease increases markedly with age, with the majority of cases emerging in older adulthood. This 

dopamine deficiency causes several movement-related issues, including tremors, slowed action 

execution (bradykinesia), muscle stiffness, and an unsteady posture [1-3]. 

Direct administration of dopamine is ineffective as it cannot cross the blood-brain barrier. For 

this reason, the precursor molecule levodopa (L-DOPA) is used as a primary treatment in Parkinson's 

disease, where it is converted to dopamine in the brain [4,5]. As a catecholamine precursor, L-

DOPA's primary mechanism of action is enzymatic conversion to dopamine by DOPA decarboxylase. 

This process effectively counteracts the dopamine deficit characteristic of the disease in the brain. 

A significant drawback of levodopa therapy is that its conversion to dopamine can also occur in the 

peripheral tissues, leading to adverse effects, including dyskinesia, gastrointestinal inflammation, 

paranoid ideation, nausea, and cardiac palpitations. An additional concern is that the metabolism 

of L-DOPA generates toxic oxidation products, such as semiquinones, quinones, and reactive oxygen 

species [6-8]. 

It is also common for individuals with Parkinson's disease to be on long-term regimens that 

include acetaminophen, opioids, and neuropathic pain medications like certain anticonvulsants and 

antidepressants [9]. 

Acetaminophen (ACT), also known as N-acetyl-p-aminophenol or paracetamol, is extensively 

employed for its pain-relieving and fever-reducing properties. Furthermore, ACT is indicated for 

symptoms of colds and the flu, including fever and cough, as well as for the relief of mild to moderate 

pain. These can range from common headaches and toothaches to musculoskeletal discomfort, such 

as backaches and joint pain. Additionally, individuals suffering from asthma often favor ACT for pain 

relief. When administered at appropriate therapeutic levels, ACT is readily metabolized by the body. 

An overdose of ACT results in the buildup of toxic metabolic byproducts, which can induce severe and 

potentially fatal liver damage, as well as kidney toxicity that may progress to renal failure [10-12]. 

Since acetaminophen absorption is linked to gastric emptying, other medications that influence 

gastric motility, including L-DOPA, can affect how the body processes ACT [13,14]. Consequently, 

the ability to determine the concentrations of L-DOPA and ACT, either simultaneously or indivi-

dually, is of significant clinical importance. 

Electrochemical methods are among the most attractive options for the analysis of pharma-

ceutical and biological compounds [15,16]. A key strength of electrochemical methods is that they 

provide analytical solutions distinguished by their instrumental simplicity, low cost, high sensitivity, 

straightforward miniaturization, portability, and numerous other unique benefits [17-19]. 

The direct electrochemical analysis of L-DOPA and ACT at unmodified electrodes is hampered by 

slow electron-transfer kinetics, a consequence of surface fouling caused by the accumulation of 

their oxidation products. The proximity of the oxidation potentials for L-DOPA and ACT results in 

significant voltammetric peak overlaps at bare electrode surfaces [20]. 

The application of conductive materials to modify bare electrode surfaces offers significant benefits 

for the fabrication of advanced electrochemical sensors. Recently, chemically modified electrodes 

have been widely employed to separate overlapping voltammetric signals from solution components 

that overlap at bare electrodes due to closely spaced redox potentials. On the other hand, modified 

electrodes have been widely adopted as working electrodes in electrochemical sensors due to their 

broad dynamic range, high sensitivity, low cost, and operational simplicity [21-24]. 
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Carbon paste electrodes (CPEs) are widely used as matrices for modified electrodes because they 

are easy to prepare, provide a renewable surface, and are compatible with a wide range of 

modifiers. An additional advantage is their low background current, which is a marked improvement 

over noble-metal or solid-graphite electrodes [25-28]. 

Rapid advances in nanotechnology are enabling better ways to build nanostructures, leading to 

many more applications. The use of electrochemical sensors incorporating diverse nanostructures, 

including metal oxide nanoparticles, is growing steadily. This trend is driven by their advantageous 

properties, including superior electrical conductivity, exceptional stability, and rapid electron-

transfer rates [29-31]. 

Nanostructured transition metal oxides are widely regarded as ideal electrode materials for 

electrochemical sensors, owing to their advantageous characteristics, which include eco-friendliness, 

straightforward synthesis, low cost, and high abundance [32,33]. In recent years, scientists have 

investigated transition metal oxides such as MnO2 [34], Co3O4 [35], NiO [36], ZnO [37] and MoO3 [38] 

for use in electrode modification. However, the practical deployment of transition metal oxides is 

hindered by certain limitations, including poor electrical conductivity and low electrochemical 

stability. The adoption of binary metal oxides (e.g. ZnCo2O4 [39], NiMoO4 [40], MnMoO4 [41]) as 

alternative electrodes addresses these shortcomings directly. Their capacity for redox reactions, 

enabled by multiple oxidation states, results in superior electrical conductivity [42]. As a significant 

member of the metal molybdate family, bismuth molybdate (Bi₂MoO₆) shows considerable potential 

for use in various fields, including catalysis, energy storage, and gas sensing [43,44]. Recent scientific 

literature has documented intriguing findings regarding bismuth molybdate-based electrodes for 

electrochemical sensing [45,46]. 

This work presents a proposed method for determining L-DOPA using a carbon paste electrode 

modified with a Bi₂MoO₆ nanostructure (Bi₂MoO₆/CPE). Owing to the good catalytic activity of the 

Bi₂MoO₆ nanostructure, the fabricated electrode exhibited exceptional analytical performance for 

the L-DOPA detection. Furthermore, the created electrode was successfully evaluated for the 

selective voltammetric determination of L-DOPA in the presence of ACT. Finally, the analytical 

performance of the Bi₂MoO₆/CPE sensor was evaluated for the determination of both L-DOPA and 

ACT in urine samples. 

Experimental  

Chemicals and apparatus 

All reagents were used as received, without further purification. Experiments were performed 

using 0.1 M phosphate buffer (PB) solutions at different pH values. 

All electrochemical studies were carried out with an Autolab 302N potentiostat/galvanostat 

(Metrohm, The Netherlands) using GPES software (version 4.9) for data acquisition and control. A 

three-electrode system consisted of a bare/modified CPE (working electrode), an Ag/AgCl electrode 

(reference electrode), and a platinum wire (counter electrode). pH measurements and adjustments 

were performed with a Metrohm 710 pH meter (Switzerland). X-ray diffraction (XRD) patterns were 

collected on a Panalytical X'Pert Pro diffractometer using Cu-Kα radiation (λ = 0.154 nm). 

Synthesis of Bi2MoO6 nanostructures 

For the synthesis of Bi2MoO6 nanostructures, 1 mmol of Bi(NO3)35H2O was first dissolved into 

10 mL of ethylene glycol containing 1 mmol of (NH4)6Mo7O244H2O. Subsequently, 25 mL of ethanol 

was gradually added to the above solution under continuous magnetic stirring for 30 min. The 
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resulting mixture was then subjected to ultrasonic treatment for 45 min to ensure proper dispersion 

of the precursors. Following sonication, the homogeneous solution was transferred to a Teflon-lined 

autoclave and heated to 160 °C for 12 h in an oven. After the solvothermal reaction, the autoclave 

was allowed to cool naturally at ambient temperature. The precipitate was collected by 

centrifugation, thoroughly washed several times with distilled water and ethanol, and finally dried 

under vacuum at 65 °C overnight to obtain the Bi2MoO6 product. 

Modification of CPE with Bi2MoO6 nanostructures 

The Bi₂MoO₆/CPE was prepared by mixing Bi₂MoO₆ and graphite powder in a 4:96 mass ratio. 

The appropriate amount of paraffin oil was then added and thoroughly blended into the mixture by 

hand mixing for 60 min. We packed the fabricated paste into a glass tube and established an 

electrical contact with a copper wire. The surface of the Bi₂MoO₆/CPE was polished with smooth 

sandpaper before use. For comparison, a bare CPE was prepared using the same method but 

without Bi₂MoO₆. 

Results and discussion 

Characterization of Bi2MoO6 nanostructures 

The crystalline structure of the synthesized Bi2MoO6 was examined using XRD pattern, exhibited 

in Figure 1.  The observed diffraction peaks in the recorded XRD pattern are consistent with the 

crystalline structure of Bi2MoO6 [47]. 

 
2 / ° 

Figure 1. XRD pattern of Bi2MoO6 nanostructures 

Electrochemical behavior of L-DOPA at the Bi₂MoO₆/CPE and bare CPE 

The influence of pH on the electrochemical response of L-DOPA at Bi₂MoO₆/CPE was studied in 

0.1 M PB over a pH range of 2.0-9.0. The anodic peak current (Ipa) increased with pH from 2.0 to 7.0, 

then decreased at higher pH values (up to 9.0). Consequently, all subsequent experiments were 

performed in 0.1 M PB as the supporting electrolyte at pH 7.0. 

Cyclic voltammetry (CV) was used to compare the electrochemical behavior of the different 

modified electrodes (Bi₂MoO₆/CPE and bare CPE) toward 300.0 μM L-DOPA (Figure 2). The bare CPE 

showed only a small anodic peak with Ipa=6.07 µA. Modification with Bi₂MoO₆ resulted in a 

significant increase in the oxidation current. This demonstrates that Bi₂MoO₆ enhances the 

electrode's conductivity, thereby improving the current response for L-DOPA. As expected, the 

Bi₂MoO₆/CPE exhibited a superior voltammetric response compared to bare CPE, featuring a higher 
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peak current and a slightly lower peak potential (Ipa=14.5 µA and Epa=350 mV). These results 

demonstrate the superior electrocatalytic properties of the Bi₂MoO₆ nanostructure for the oxidation 

of L-DOPA, resulting in signal amplification. 

 
Figure 2. CV responses of bare CPE, and Bi₂MoO₆/CPE to L-DOPA (300.0 µM) in PB (0.1 M, pH 7.0); 

scan rate 50 mV s-1 

Influence of scan rate 

We studied the influence of scan rate on the L-DOPA oxidation signal at the Bi₂MoO₆/CPE under 

optimum conditions. Figure 3 displays the cyclic voltammograms of the Bi₂MoO₆/CPE in 100.0 μM 

of L-DOPA at various scan rates (10 to 250 mV s-1).  

 
Figure 3. CV responses of Bi₂MoO₆/CPE to 100.0 µM L-DOPA in PB (0.1 M, pH 7.0) at various scan rates.  

Inset: Plot of Ipa vs. 1/2 

As the scan rate increased, the anodic current gradually increased, accompanied by a positive 

shift in the anodic potential. The observed linear dependence of the anodic current on the square 

root of the scan rate ( ¹/²), Figure 3 inset, indicates that the electro-oxidation of L-DOPA is a 

diffusion-controlled process. 

y = 08751x + 0.8111 
R2 = 0.99791 
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Chronoamperometric studies 

The electrocatalytic oxidation of L-DOPA was investigated using chronoamperometry. Figure 4 

presents the chronoamperometric responses of the Bi₂MoO₆/CPE at a constant potential of 400 mV. 

The diffusion coefficient of L-DOPA was determined from these chronoamperograms. We calculated 

the diffusion coefficient of L-DOPA by applying the Cottrell Equation (1): 
Ipa = nFACD1/2π-1/2t-1/2 (1) 

where D / cm² s⁻¹ is the diffusion coefficient, and Cb / mol cm⁻³ is the analyte concentration. This 

investigation utilized L-DOPA at concentrations ranging from 0.3 to 1.5 mM. The chronoampero-

metric data were analyzed using linear plots of Ipa against t-1/2 for different concentrations of L-DOPA 

(Figure 4A). The fitted experimental plots for different L-DOPA concentrations are presented in 

Figure 4B. Applying the Cottrell equation to the slope of this plot yielded an average diffusion 

coefficient of 1.2×10-6 cm²/s for L-DOPA. 

 
t / s 

Figure 4. Chronoamperometric responses of Bi₂MoO₆/CPE to L-DOPA at different concentrations from 0.3 to 
1.5 mM in PB (0.1 M, pH 7.0). Linear dependence of Ipa on t-1/2 (Inset A) and linear dependence of the slope of 

linear fits on L-DOPA concentration (Inset B) 

Quantitative measurements of L-DOPA at Bi₂MoO₆/CPE sensor using DPV method 

Key analytical parameters for L-DOPA determination, including the LOD and linear detection 

range, were calculated using the highly sensitive DPV method. Figure 5 shows the DPVs obtained for 

different L-DOPA concentrations at the Bi₂MoO₆/CPE under the optimized parameters. The 

oxidation peak current increased linearly with the L-DOPA concentration. A linear relationship was 

observed between the DPV peak current and the concentration of L-DOPA over the range of 0.02 to 

590 µM, following the equation: Ipa= 0.0462CL-DOPA + 0.7039 (R² = 0.9999). The Bi₂MoO₆/CPE sensor 

exhibited a LOD of 0.009 µM for L-DOPA. 
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Figure 5. DPV responses of Bi₂MoO₆/CPE to L-DOPA at different concentrations from 0.02 to 590.0 µM in PB 

(0.1 M, pH 7.0). Inset: calibration plots of the Ipa response vs. L-DOPA concentration 

The simultaneous determination of L-DOPA and ACT at Bi₂MoO₆/CPE sensor  

The primary goal of this work was to achieve the simultaneous voltammetric determination of  

L-DOPA and ACT using a Bi₂MoO₆/CPE. This was accomplished by recording DPVs while simultaneously 

varying the concentrations of both L-DOPA and ACT. The voltammograms exhibited well-defined anodic 

peaks for L-DOPA and ACT at 350 and 530 mV, respectively. These results indicate that the simultaneous 

determination of L-DOPA and ACT is feasible using the Bi₂MoO₆/CPE, as shown in Figure 6.  

 
Figure 6. DPV responses of Bi₂MoO₆/CPE to various concentrations of L-DOPA (from 0.2 to 550.0 µM) and  
ACT (from 1.0 to 500.0 µM) in PB (0.1 M, pH 7.0). Insets: A) calibration plots of the Ipa response vs. L-DOPA 

concentration and B) calibration plots of the Ipa response vs. ACT concentration 

CL-DOPA / M 

y = 0.0462x + 0.7039 
R2 = 0.9999 

y = 0.0461x + 0.7358 
R2 = 0.9999 

y = 0.0415x + 1.146 
R2 = 0.9993 

CL-DOPA / M 

CACT / M 

http://dx.doi.org/10.5599/jese.3126


J. Electrochem. Sci. Eng. 16 (2026) 3126 Voltammetric sensing of L-DOPA in the presence of ACT 

8  

The sensor exhibited a sensitivity of 0.0461 μA μM-1 towards L-DOPA in the presence of ACT 

(Figure 6A). The similar sensitivity in the absence of ACT (0.0462 μA μM-1) indicates that the 

oxidation processes are independent. This confirms that their simultaneous determination in 

mixtures is feasible without significant interference.  

Application of the Bi₂MoO₆/CPE platform for L-DOPA and ACT analysis in real samples 

The practical applicability of the Bi₂MoO₆/CPE was demonstrated by the determination of  

L-DOPA and ACT in urine samples. Following sample preparation, the L-DOPA and ACT content were 

quantified by the standard addition method. The corresponding results are compiled in Table 1. As 

shown in Table 1, the obtained recovery rates of 97.3 to 104.5 % confirm the high accuracy and 

practical utility of the created electrode for the determination of L-DOPA and ACT in real specimens. 

Table 1. Analysis of real sampled for L-DOPA and ACT determination by Bi₂MoO₆/CPE sensing platform (n = 5) 

Sample Added concentration, µM Found concentration, µM Recovery, % RSD, % 

Human urine 

L-DOPA ACT L-DOPA ACT L-DOPA ACT L-DOPA ACT 
0 0 - - - - - - 

5.0 5.5 4.9 5.6 98.0 101.8 3.0 2.8 
7.0 7.5 7.2 7.3 102.9 97.3 2.2 3.3 
9.0 9.5 8.9 9.8 98.9 103.2 1.9 2.6 

11.0 11.5 11.5 11.4 104.5 99.1 2.7 2.1 

Conclusion 

In the present study, a L-DOPA sensing electrode was constructed via mixing the Bi2MoO6 nano-

structures, graphite powder. Owing to the catalytic activity of Bi2MoO6 nanostructures, the fabri-

cated electrode exhibited exceptional performance in the detection of L-DOPA. The Bi₂MoO₆/CPE 

exhibited a wide linear detecting range from 0.02 to 590.0 μM and a LOD of 0.009 μM for the 

detection of L-DOPA. The Bi₂MoO₆/CPE exhibited high selectivity for the simultaneous determi-

nation of L-DOPA and ACT, as evidenced by the well-separated voltammetric peaks (ΔEp ≈ 180mV) 

in DPV measurements. The practical applicability of the Bi₂MoO₆/CPE was demonstrated by the 

successful determination of L-DOPA and ACT in real specimens. 
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