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Abnormal dopamine (DA) levels in the human body are associated with severe health conditions, making their accurate detection crucial for early diagnosis and monitoring. Therefore, the development of a highly sensitive electrochemical sensor for DA detection is of significant importance in physiological, biochemical, pharmaceutical, and medical applications. In this study, screen-printed electrodes (SPEs) were fabricated using MoS2-based conductive inks containing varying concentrations of silver nanoparticles (Ag NPs) to enhance electrocatalytic activity. The ink composition included ethyl cellulose and polyvinylpyrrolidone (PVP) as binders, providing structural integrity and adhesion, while terpineol was used as the solvent to achieve the desired viscosity for smooth and consistent printing. The printed electrodes underwent comprehensive electrochemical characterization to assess their performance, including stability, reproducibility, and sensitivity. Electrochemical analysis revealed that the SPCE/MoS2-Ag,4 electrode exhibited the best sensing characteristics due to the optimized interaction between MoS2 and Ag NPs, which facilitated improved electron transfer and enhanced detection capability. The electroanalytical performance of the sensors was assessed using cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS), and chronoamperometry. The SPCE/MoS2-Ag,4 sensor demonstrated a wide linear detection range from 0.01 to 0.08 mM and an exceptionally low limit of detection (LOD) of 0.016 μM for DA. Additionally, the sensor exhibited excellent reproducibility, high sensitivity, and strong selectivity, making it a promising candidate for reliable dopamine detection in biomedical and clinical applications.
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1 INTRODUCTION
Dopamine (DA) is a neurotransmitter essential for regulating human metabolism. It plays a crucial role in emotional regulation and cognitive functions, including stress, behavior, and attention (Sajid et al., 2016). In human blood samples, DA levels typically range from 10−6 to 10−9 mol/L (Sajid et al., 2019; Rana et al., 2023; Li et al., 2025). Abnormal concentrations of DA are linked to various diseases, including Alzheimer’s, Huntington’s, and Parkinson’s diseases, schizophrenia, Tourette syndrome, thyroid hormone deficiency, depression, epilepsy, and cardiovascular disorders (Sajid et al., 2019; Rana et al., 2023; Li et al., 2025; Balkou et al., 2023), among others. Therefore, monitoring DA levels in biological fluids is essential for the rapid, accurate, and early diagnosis of these diseases. Additionally, analytical methods that offer sensitive, selective, simple, easy-to-use, efficient, and cost-effective DA detection are highly needed. Electrochemical methods, in general, provide all these advantages. Unlike traditional laboratory-based analytical techniques, Electrochemical methods are not complex, expensive, or time-consuming and do not require highly skilled laboratory personnel to operate them (Balkou et al., 2023; Patella et al., 2021). Additionally, they can be easily miniaturized into portable systems that can be applied for on-site measurements, which are very crucial in monitoring diseases. DA, classified as an electroactive and easily oxidizable catecholamine, can be effectively detected electrochemically without the need for enzymes. However, its detection is often challenged by interference from other compounds present in biological samples, such as uric acid (UA) and ascorbic acid (AA), which coexist at concentrations far exceeding that of DA (Sajid et al., 2016; Patella et al., 2021). In physiological fluids, UA is present at much higher concentrations (160–500 µM) and AA ranges from 11.5 to 115 µM (Deffo et al., 2022; Moradpour and Beitollahi, 2022; Mazzara et al., 2021).
UA is a byproduct of purine metabolism, and its presence in biological samples can indicate symptoms of various health conditions. AA, a natural reducing agent, plays a crucial role in protecting the body against biological oxidative processes (Sajid et al., 2016). Moreover, DA, UA, and AA have very similar oxidation potentials, making their electrochemical detection very challenging (Sajid et al., 2016; Patella et al., 2021). To address these challenges, researchers have developed various chemically modified electrodes, as the accuracy and sensitivity of electrochemical detection largely depend on the electrode material used. Chemically modified electrodes offer enhanced electrocatalytic activity for detecting target analytes due to the unique properties of the modification material. Compared to bare electrodes, they are less prone to surface fouling and oxide formation (Sajid et al., 2019). As a result, numerous research articles focus on electrochemical methods for detecting DA, both individually and in the presence of other neurotransmitters, particularly UA and AA, using chemically modified electrodes. Despite the excellent electrochemical performance of the developed modified electrodes, most remain at the proof-of-concept stage and are not suitable for real-life applications. This limitation arises due to challenges such as complex material synthesis, high costs, labor-intensive and highly complex modification processes, and the lack of biocompatibility in certain electrode materials (Sajid et al., 2019). The most commonly used modification process is drop-casting. It is simple, convenient, and cost-effective, requiring minimal equipment. However, it has several downsides, such as low reproducibility, uneven distribution of the deposited material (Pavličková et al., 2022), lack of scalability, and formation of the coffee ring effect, where solute particles accumulate at the edges of the drying droplet, resulting in non-uniform film thickness (Dikansky et al., 2023). In contrast, screen-printing as a modification method provides several advantages, especially for the fabrication of electrochemical sensors. This technique enables the production of low-cost, single-use screen-printed electrodes with customizable thickness, surface properties, and composition (Pavličková et al., 2022; Paimard et al., 2023). Additionally, it allows for the easy incorporation of catalysts into the printing ink, enhancing the electroactive surface area and enabling reproducible manufacturing, which improves the sensitivity and specificity of the resulting sensors (Paimard et al., 2023; Bonacin et al., 2018). Lastly, the inks can also be printed on both rigid and flexible substrates (Pavličková et al., 2022).
In that context, researchers continue to explore novel electrode materials and enhance electrochemical sensor technology while striving to overcome existing limitations. Their efforts focus on developing approaches that are not only highly sensitive and selective but also simple, cost-effective, and scalable for mass production. The ultimate goal is to create practical and efficient electrochemical sensing platforms that can be seamlessly integrated into real-life applications. Two-dimensional (2D) nanomaterials such as molybdenum disulfide (MoS2) have emerged as highly promising candidates for the development of selective and ultrasensitive electrochemical sensors (Kalambate et al., 2022), due to remarkable physicochemical properties, such as high surface-to-volume ratio, excellent mechanical strength, diverse electrical characteristics ranging from metallic to semiconducting, enhanced catalytic activity, and unique intercalated morphologies (Kalambate et al., 2022). Furthermore, 2D MoS2 exhibits remarkable properties, including layer-dependent band gaps, a large surface area, biocompatibility, high electron mobility, enhanced optical absorption, mechanical stability, and ease of surface modification (Ghosh et al., 2024). Its large surface area also provides abundant active sites along the edges of 2D MoS2, which in turn enhances its catalytic activity, making it highly effective for various chemical reactions, including the electrochemical oxidation of DA (Sabar et al., 2022). However, due to its layered structure and high surface energy, MoS2 tends to aggregate through π-π interactions, which can block these catalytic edge sites and hinder its performance (Wu et al., 2022). To address this challenge, various strategies have been developed, one of the most effective being the formation of nanocomposites with other materials (Ghosh et al., 2024; Sabar et al., 2022; Wu et al., 2022). Research has demonstrated that surface and edge defects in MoS2 allow for easy surface modification and generate free sulfur (S) sites, creating vacancies that promote integration with other materials. This, in turn, significantly enhances sensing efficiency (Ghosh et al., 2024; Wu et al., 2022). Moreover, the detection capabilities of MoS2 are greatly improved when functionalized or combined with metal nanoparticles, further boosting its electrochemical performance (Mphuthi et al., 2022). For instance, incorporating metal nanoparticles can enhance the charge transport rate and create synergistic effects, while combining MoS2 with other 2D materials can significantly reduce self-aggregation (Ghosh et al., 2024). Given these advantages, extensive research has been conducted on MoS2-based biosensors. The expanding body of literature highlights the growing interest in MoS2 as a highly promising material for advancing next-generation of electrochemical biosensors.
In this study, highly viscous and screen-printable MoS2 inks were developed by mixing MoS2 with varying concentrations of silver nanoparticles (Ag NPs). The formulated inks were screen-printed onto carbon-based screen-printed electrodes (SPCEs) on a flexible polyethylene terephthalate (PET) substrate, ensuring a cost-effective and versatile platform for electro-oxidation of DA in the presence of AA and UA interfering species found in body fluid samples.
2 EXPERIMENTAL PROCEDURE
2.1 Materials
All chemicals used in this study were of analytical grade (purity ≥98%) and were utilized without any further purification. Uric acid (UA), Dopamine (DA), Ascorbic acid (AA), Serotonin, Potassium chloride, Sodium chloride (NaCl), Phosphate buffered saline (PBS) tablets, Potassium ferricyanide, Terpineol, Sodium molybdate, Thioure, Polyvinylpyrrolidone (PVP), hydrazine hydrate (N2H4), Ethylcellulose (EC), and Triethylamine were purchased from Merck (South Africa). Hydrochloric acid (HCl) and silver nitrate were purchased from Associated Chemical Enterprises (ACE) (South Africa). Carbon ink (C2130814D2), silver/silver chloride ink (Ag/AgCl) (C2130809D5), and dielectric ink (D2070200P6) were purchased from Sun Chemical (USA). Polyethylene terephthalate (PET) substrate was purchased from HIFI Polyester Film, (UK).
2.2 Hydrothermal synthesis of MoS2 nanosheets
A modified hydrothermal method, adapted from references (Li et al., 2016; Miao et al., 2016), was used for the synthesis of MoS2 nanosheets. Sodium molybdate (0.0074 mol) and thiourea (0.03 mol) in a 1:4 M ratio were dissolved in 150 mL of deionized water. Approximately 15 mL of hydrazine hydrate was added as a reducing agent. The pH of the precursor solution was adjusted to five using dilute HCl. After continuous stirring for 30 min, the resulting solution was transferred to a 200 mL Teflon-lined stainless steel autoclave, which was then placed in an oven and heated at 220 C for 24 h. Once cooled to room temperature, the synthesized MoS2 nanosheets were centrifuged and washed several times with 0.1 M HCl and ethanol. Finally, the nanosheets were dried overnight at 60 C.
2.3 Synthesis of silver nanoparticles
The synthesis of Ag NPs was adapted from reference (Wu and Hsu, 2011). In a typical procedure, approximately 1.7 g of silver nitrate (AgNO3) was dissolved in 10 mL of deionized water to prepare a 1 M solution. To this solution, 1.395 mL of triethylamine was added, resulting in a colour change from colourless to black. The mixture was stirred continuously at room temperature for 3 h and 30 min. The resulting precipitates were washed multiple times with ethanol and centrifuged to remove any unbound triethylamine. Finally, the obtained Ag NPs were dried at 60 C for 24 h. The dried silver nanoparticles were then re-dispersed in terpineol to prepare Ag NP suspensions for further use.
2.4 MoS2 and MoS2-Ag ink preparation
First, the polymeric binders were prepared by separately dissolving polyvinylpyrrolidone (PVP) and ethyl cellulose in terpineol. The two binder solutions were then combined. MoS2 ink was formulated by dispersing MoS2 nanosheets into the prepared polymeric binder. MoS2-Ag inks were formulated by dispersing MoS2 nanosheets functionalized with varying amounts of Ag NPs into the same polymeric binder. All ink formulations were homogenized through ultrasonication for 6 h. The experimental parameters are summarized in Table 1.
TABLE 1 | Experimental parameters for ink formulation.	Sample name	Binder 1 (EC) (wt%)	Binder 2 (PVP) (wt%)	Solvent (terpineol) (wt%)	Conductive filler (MoS2) (wt%)	Metal NPs (Ag NPs) (wt%)
	MoS2 ink	12	8	65	15	0
	MoS2-Ag,1 ink	12	8	65	12	3
	MoS2-Ag,2 ink	12	8	65	10	5
	MoS2-Ag,3 ink	12	8	65	8	7
	MoS2-Ag,4 ink	12	8	65	5	10


2.5 Screen-printing and fabrication of SPCE/MoS2 and SPCE/MoS2-Ag
The screen-printed carbon electrodes (SPCEs) were printed on PET substrates measuring 32.1 cm × 36.1 cm with a thickness of 250 microns, using a DEK248 semi-automatic screen printer. The printing process was controlled by the DEK printing machines 2.4.0 software. Initially, carbon ink was screen-printed to form the conductive layer, which was then allowed to dry at room temperature for 24 h. Following this, MoS2 and MoS2-Ag inks were printed onto the carbon layer to serve as the working electrodes (WE) and counter electrodes (CE). Silver/silver chloride (Ag/AgCl) ink was used to print the reference electrode. The working electrode had a diameter of 3 mm.
2.6 Characterization techniques
UV-visible spectroscopy (Molecular Devices, SpectraMax ABS Plus) was used to investigate the optical absorption properties of the synthesized MoS2 nanosheets and Ag NPs. Measurements were performed over a wavelength range of 200–1000 nm. The samples were placed in plastic cuvettes with a path length of 1 cm, and ethanol and terpineol were used as the reference solvents to ensure accurate baseline correction. The crystallinity and phase composition of the Ag and MoS2 nanomaterials were investigated using X-ray diffraction (D8 Advance diffractometer equipped with Lynx-eye XE detector operated at 40 kV, 20 mA, CuKα1 radiation (λ = 1.78897). The X-ray diffraction patterns were recorded in the 2θ range from 5° to 80°. Compound identification was accomplished by comparison of measured spectra with the spectra of pure samples from the database (JCPDS, Card No. 00-001–1041 and 1011286). The morphology and structural characterization of the as-synthesized MoS2 and Ag nanostructures were characterized using a transmission electron microscope (TEM, G2 F30). The chemical functional groups on the synthesized MoS2 were studied using an attenuated total reflectance Fourier transform infrared (ATR-FTIR) spectrophotometer (PerkinElmer Spectrum UATR Two) and Raman spectroscopy (Renishaw Invia Raman spectrometer equipped with a laser (λ = 532 nm).
2.7 Electrochemical measurements
All electrochemical experiments were conducted using a computer-controlled Autolab Potentiostat/Galvanostat PGSTAT 302 N (Eco Chemie, Utrecht, the Netherlands), which was operated by NOVA 2.1.4 data processing software for precise control and data acquisition. Electrochemical impedance spectroscopy (EIS) measurements were performed with the integrated AUTOLAB frequency response analyzer (FRA32M). The data obtained from the EIS experiments were fitted using the Randles circuit model available in the NOVA software, ensuring accurate analysis of the electrochemical parameters such as charge transfer resistance, double-layer capacitance, and solution resistance.
3 RESULTS AND DISCUSSION
3.1 Optical properties
Ag NPs have unique optical properties, making them a key focus in nanoscience research. While their well-known surface plasmon resonance (SPR) absorption band appears around 400 nm, the absorption band at 300 nm in UV-Vis spectra is linked to electronic transitions and material interactions. In Figure 1a, the absorption band at 325 nm is mainly due to interband transitions in Ag NPs, where electrons from the 4d valence band valence band are excited to the 5sp conduction band when exposed to UV light (Abkhalimov et al., 2022; Ershov et al., 2021). Unlike SPR, which results from the collective oscillation of free electrons, interband transitions involve discrete electron energy states, leading to a broad absorption band in the UV range (≤320 nm). This transition starts around 3.8 eV (320 nm) and extends to higher energies, sometimes overlapping with the SPR band in smaller nanoparticles ≤10 nm (Abkhalimov et al., 2022; Hensel et al., 2020). Additionally, Ag NPs smaller than 10 nm show strong interband transition absorption due to their high surface-to-volume ratio and quantum confinement effects (Abkhalimov et al., 2022).
[image: Graph (a) displays the UV-Vis absorbance spectrum of silver nanoparticles, with a peak at 325 nanometers. Graph (b) shows the absorbance spectrum of molybdenum disulfide, with peaks at 397, 442, 614, and 663 nanometers. Both graphs measure absorbance in arbitrary units versus wavelength in nanometers.]FIGURE 1 | UV-vis absorption spectrum of (a) Ag nanoparticles and (b) MoS2 nanosheets.Figure 1b shows the UV–vis absorption spectrum of the synthesized MoS2 nanosheets dispersed in a 1:1 mixture of water and ethanol. The absorption spectra exhibited two distinctive absorbance peaks assigned to exciton bands A and B between 600 and 700 nm (Eda et al., 2011; Vikraman et al., 2017). These excitonic peaks are considered to result from direct band gap transitions between the maxima of split valence bands and the minimum of the conduction band, all positioned at the K point of the Brillouin zone (Eda et al., 2011; Mak et al., 2010). The A and B excitons peaks in single-layer MoS2 are found to shift upwards in energy relative to those of the bulk counterpart and have smaller separation due to the spin-orbit splitting of transitions at K point (Wang et al., 2013). The C and D absorption peaks between 400 nm and 450 nm may be attributed to the direct transition from the deep valence band to the conduction band (Vikraman et al., 2017). Furthermore, the peaks (C and D) have been reported to be influenced by the lateral dimensions of MoS2 sheets (Ghayeb Zamharir et al., 2018). As the amount of nano-sized MoS2 sheets increases, the absorption peaks C and D become higher, while the relative intensity of the absorption peaks A and B decreases. Also, the energy of C and D absorption peaks undergoes blue shift as the size of the MoS2 sheets is decreased, demonstrating a quantum size effect (Ghayeb Zamharir et al., 2018; Mukherjee et al., 2015).
3.2 Structural properties
3.2.1 FTIR analysis
FTIR spectroscopy was conducted to analyze the functional groups in the synthesized Ag NPs and 2D MoS2 nanosheets, (Figure 2). The Ag NPs spectra exhibited transmission peaks corresponding to amine (N-H) and hydroxyl (O-H) groups, indicating the presence of triethylamine as a reducing and capping agent. A weak vibration band at 2,929 cm-1 was assigned to the asymmetric stretching of C-H in aliphatic groups (Ansari et al., 2021; Anju et al., 2021). Absorption bands at 1930, 2,105, and 2,236 cm-1 corresponded to ═C–H, alkynes, and CN groups, respectively (Pasieczna-Patkowska et al., 2025; Naveed et al., 2022). The band at 1527 cm-1 was attributed to amide II stretching (Pasieczna-Patkowska et al., 2025), while the 1367 cm-1 band likely resulted from C-N (amine-like) or C-O (phenol-like) functional groups (Prabakaran et al., 2023). The tertiary amine’s C–N asymmetric stretching vibration appeared at 1026 cm-1 (Pasieczna-Patkowska et al., 2025). The tertiary amine aids in reducing Ag+ to Ag0 by donating electrons from its nitrogen lone pair. This process initiates nucleation, where Ag+ ions in solution accept electrons to form metallic silver clusters (Pasieczna-Patkowska et al., 2025). The strong absorption band at 810 cm-1 was due to the stretching vibrations of Ag NPs (Patil and Chougale, 2021; Sharma et al., 2022). After reduction, triethylamine adsorbs onto the Ag NP surfaces through coordination bonding between its nitrogen lone pair and silver atoms. This interaction forms a protective layer that prevents agglomeration by providing steric hindrance and adjusting the surface charge to enhance electrostatic repulsion (Pasieczna-Patkowska et al., 2025).
[image: Two FTIR spectra graphs comparing transmittance versus wavenumber. Graph (a) shows Ag nanoparticles with sharp peaks at 810, 1026, 1367, and 1527 cm⁻¹. Additional peaks are seen at 1930, 2105, 2236, and 2929 cm⁻¹. Graph (b) represents MoS₂ nanosheets with peaks at 458, 616, 744, 933, 1037, 1125, 1190, 1419, 1607, 2894, 2987, and 3674 cm⁻¹. Both graphs include respective labeled peaks and trends in transmittance over the wavenumber range.]FIGURE 2 | FTIR spectrum of (a) Ag nanoparticles and (b) MoS2 nanosheets.The FTIR spectra of MoS2 confirmed the formation of pure MoS2 nanosheets, as evidenced by the presence of characteristic absorption bands and the absence of detectable impurities. The spectra showed absorption bands at 458, 616, 744, 933, 1037, 1125, 1190, 1419, 1607, 2,894, 2,987, 3,674 cm-1. The bands at 458 and 616 cm-1 correspond to Mo-S bonds in MoS2, while the band at 933 cm-1 is attributed to S-S bonds (Chaudhary et al., 2018; Massey et al., 2016). The absorption bands in the 1037–1125 cm-1 range are associated with the asymmetric S–O stretching of sulfate species (Feng et al., 2013). The absorption band at 1190 cm-1 is attributed to the presence of Mo-O bonds and their stretching vibrations (Chaudhary et al., 2018). Moreover, the band at 1419 cm-1 corresponds to the stretching vibration of the S-Mo-S bond (Han et al., 2022). The presence of Mo-O stretching suggests possible oxidation, which can influence the electronic structure and charge transfer properties of MoS2. This, in turn, affects its optical absorption characteristics observed in UV-Vis spectroscopy, where shifts in excitonic peaks can be linked to structural alterations. Similarly, the S-Mo-S stretching band highlights the retention of the layered MoS2 structure, which correlates with its characteristic exciton absorption peaks in the 600–700 nm range. The spectra exhibited vibrational modes at 1607 and 3,674 cm-1, which are attributed to hydroxyl functionalities from adsorbed moisture on the MoS2 nanosheets (Massey et al., 2016; Han et al., 2022). The symmetric and asymmetric vibrations of -CH2- groups appeared at approximately 2,894 and 2,987 cm-1, respectively. The presence of carbon-containing groups in the samples may result from residual precursors and intermediate products formed during the hydrothermal reaction process (Zhou et al., 2017).
3.2.2 XRD analysis
X-ray diffraction (XRD) was employed to analyze the crystallinity, structure, phase composition, and interlayer dynamics of the synthesized nanomaterials (Figure 3). All peaks observed in the XRD pattern of MoS2 are distinctly indexed to the pure hexagonal MoS2 phase, belonging to the space group P63/mmc. The diffraction peaks shown at 2θ = 16.34°, 38.97°, 46.44°, 57.92°, and 69.62°, correspond to the (002), (101), (103), (105), and (110) crystallographic planes of the MoS2 phase, respectively (Zhang et al., 2019). The sharp diffraction peak at 2θ = 16.34° (002) corresponds to a d-spacing of 0.62 nm and matches JCPDS card number 01-075–1539. This peak confirms the formation of a well-stacked S-Mo-S layered structure along the c-axis, with its intensity influenced by crystallite size and stacking order (Li et al., 2016; Wang et al., 2017). In bulk 2H-MoS2, the (002) peak is typically dominant, whereas nanosheets often exhibit peak broadening or reduced intensity due to a decreased number of layers (Li et al., 2016; Solomon et al., 2020). This structural change directly affects the UV-Vis absorption spectrum. As the number of MoS2 layers decreases, the material shifts from an indirect bandgap (bulk) to a direct bandgap (monolayer), causing a blueshift in the A and B excitonic peaks. This shift occurs due to quantum confinement, where thinner layers restrict electron movement, increasing the bandgap energy. As a result, the absorption edge moves to higher energy (shorter wavelengths), aligning with the broadening and reduced intensity of the (002) diffraction peak (Mak et al., 2010; Mondal et al., 2023).
[image: The XRD patterns are for MoO₂-Ag nanoparticles, Ag nanoparticles and MoS₂ are shown in three stacked graphs. Each graph displays intensity (a.u.) versus 2θ degrees. Peaks are marked for MoO₃ with red circles, MoS₂ with yellow squares, and Ag NPs with blue stars. Key reflections for Ag NPs are labeled (111), (200), (220), (311), and for MoS₂, (002), (101), (103), (105), (110).]FIGURE 3 | XRD patterns of as-synthesized nanomaterials.The XRD pattern of Ag NPs displayed diffraction peaks at approximately 2θ = 38.91°, 44.85°, 65.29°, and 78.61°, corresponding to the (111), (200), (220), and (311), crystallographic lattice planes respectively (JCPDS card numbers 00-001–1041). The diffraction peaks reveal the polycrystalline nature of the synthesized silver nanoparticles, confirming the formation of face-centered cubic (FCC) crystalline silver (Mistry et al., 2021; Ali et al., 2023). The crystalline size of the nanoparticles was calculated using the Debye–Scherrer Equation 1 (Mistry et al., 2021; Ali et al., 2023).
D=KλβCosθ(1)
Where D is the average diameter of the particles, β is the full width at half maximum calculated from the peak with the highest intensity in radians, λ is the X-ray wavelength in nanometer (nm), and K is Debye Scherer constant (0.9) and the θ is Braggs angle. The crystalline size of Ag NPs was calculated to be 15.3 nm. After decorating MoS2 with Ag NPs, the XRD pattern of the MoS2-Ag nanocomposite exhibited peaks corresponding to both MoS2 and Ag NPs, confirming the successful formation of the composite structure. Additionally, a new peak appeared at 10.56°, associated with the orthorhombic phase of MoO3, likely resulting from the oxidation of MoS2 in a humid environment.
3.2.3 Raman spectroscopy
Raman spectroscopy was utilized to verify the atomic structural arrangement of MoS2. The Raman characteristics, including peak frequency, intensity, and width, are strongly influenced by the number of layers. As shown in Figure 4, the Raman spectrum of MoS2 nanosheets exhibits two primary vibrational modes. These vibrational modes of MoS2 nanosheets appeared at approximately 378.04 cm-1 and 402.21 cm-1 corresponding to the in-plane (E12g) vibrational mode of S atoms and out-of-plane (A1g) vibrational mode of Mo and S atoms respectively (Wang et al., 2013; Sundaram et al., 2013). Previous studies have reported that as the number of MoS2 layers increases, the frequency of the E12g peak gradually decreases, while the A1g peak shifts to a higher frequency (Wang et al., 2013; Sundaram et al., 2013). The weak van der Waals interactions between layers affect the intralayer bonding and influence the lattice vibrations of molybdenum and sulfur atoms (Solomon et al., 2020). Furthermore, the narrowing of the gap between the E12g and A1g bands signifies the exfoliation of MoS2. The frequency difference between these modes is widely recognized as a reliable indicator of layer thickness in 2D MoS2 nanosheets (Wang et al., 2013; Sundaram et al., 2013). The peak separation decreased from 25.52 cm-1 in bulk MoS2 to 24.17 cm-1 in the MoS2 nanosheets, confirming that the synthesized MoS2 has been reduced to a few thin layers. The decrease in peak separation corresponds to a blueshift in the UV-Vis absorption spectrum, where the excitonic peaks shift to shorter wavelengths due to quantum confinement effects and an increase in bandgap energy.
[image: Raman spectra of synthesized and bulk MoS₂, featuring two peaks labeled \( E_{2g}^1 \) and \( A_{1g} \). The synthesized spectrum shows these peaks with slightly shifted positions compared to the bulk spectrum, measured between 350 and 450 cm⁻¹. Red dashed lines indicate peak positions.]FIGURE 4 | Raman Spectra of bulk MoS2 and MoS2 nanosheets.3.3 Morphological properties
The TEM image (Figure 5a,b) shows well-dispersed Ag NPs with sizes ranging from 4 to 18 nm. The nanoparticles exhibit a relatively uniform size distribution, with most appearing spherical. However, some variations in shape, including slightly elongated or irregular particles, are also observed. While individual nanoparticles are largely well-separated, minor aggregation is present, likely due to van der Waals interactions or inadequate surface capping by stabilizing agents. The average crystallite size calculated using the Scherrer equation from XRD data is 15.3 nm, aligning well with TEM observations. The TEM image of MoS2 nanosheets (Figure 5c) reveals thin, sheet-like structures. Their transparent to semi-transparent appearance suggests an ultrathin nature. Wrinkling and folding are evident, likely due to the nanosheets' flexible structure and van der Waals interactions between layers. High-magnification TEM imaging indicates that the MoS2 nanosheets primarily consist of five to six stacked monatomic layers. The measured interlayer spacing is approximately 0.62 nm, corresponding to the (002) diffraction plane of MoS2 (Zhang et al., 2014).
[image: (a) A TEM image showing nanoparticles dispersed on a surface, scale bar indicating 50 nm. (b) A histogram displaying particle size distribution, ranging from 4 to 18 nm, with a curve representing the size distribution. (c) A close-up TEM image revealing layered structures with a measured spacing of 0.62 nm, scale bar 20 nm. (d) A high-resolution TEM image showing MoS₂ and Ag nanoparticles, with labeled regions indicating their positions, scale bars of 20 nm and inset scale 100 nm.]FIGURE 5 | TEM images of (a) Ag NPs, (b) Ag NPs histogram (c) MoS2 nanosheets and (d) MoS2-Ag nanocomposite. Insert: high-magnification TEM image.The TEM image of MoS2 nanosheets functionalized with Ag (Figure 5d) NPs revealed a well-integrated hybrid nanostructure, where Ag NPs are dispersed across the MoS2 surface. The Ag NPs are anchored onto the nanosheets, suggesting strong interactions between the metal nanoparticles and the MoS2. While the majority of Ag NPs are uniformly distributed, certain regions exhibit clustering or slight aggregation, likely due to strong interparticle interactions. The MoS2 nanosheets maintain their characteristic sheet-like morphology. The presence of Ag NPs did not appear to have significantly altered the structural integrity of the MoS2 sheets, indicating that the functionalization process effectively preserves their ultrathin structure.
3.4 Electrochemical characterization
To comprehensively study the electrochemical performance of the formulated inks, cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) were performed to analyze the electrochemical behaviour of the prepared electrodes. These measurements were conducted in the presence of a 1 mM [Fe(CN)6]3-/4- redox probe in 0.1 M KCl, at a potential range of −1.0 to 1.0 V at a fixed scan rate of 0.01 V s-1. EIS was recorded over the frequency range from 100 kHz to 0.1 Hz and 0.05 Vrms sinusoidal modulation. The redox behaviour of [Fe(CN)6]3−/4− is observed by a couple of redox peaks corresponding to the reversible Fe3+/Fe2+ reduction and oxidation processes. Figure 6 presents various electrodes fabricated using MoS2-Ag-based inks, which were prepared by incorporating different weight percentages of Ag NPs into MoS2. This variation in composition was designed to systematically assess the individual contributions of MoS2 and Ag NPs to the overall sensor performance. By adjusting the Ag NPs concentration, the study aimed to optimize the electrochemical properties of the electrodes and enhance their sensitivity, stability, and overall efficiency in detecting the target analyte. The optimal Ag NP concentration (10 wt%) produced the highest current response, with increasingly distinct oxidation and reduction peaks of the [Fe(CN)6]3-/4- redox probe as Ag content increased. Ag NPs provide excellent conductivity and fast electron transfer kinetics, enhancing the catalytic performance of SPCE/MoS2–Ag electrodes compared to bare SPCE (Belaid et al., 2025). Meanwhile, MoS2 contributes a layered structure with high surface area, offering additional active sites for electron transfer. The combination of Ag and MoS2 generates a synergistic effect that improves charge mobility, further improving the electrode’s overall electrochemical performance (T et al., 2023). The MoS2-Ag,4 composite was identified as the optimal formulation, balancing sufficient Ag loading for conductivity enhancement with preservation of MoS2’s electroactive sites. Higher Ag content (>10 wt%) caused agglomeration and blocked active sites, reducing surface area and hindering electron transfer. This formulation maximizes the synergistic interaction between Ag and MoS2, resulting in the best overall electrochemical performance.
[image: Graph depicting current versus potential for different electrode configurations. The main graph and inset show plots for SPCE/Bare, SPCE/MoS₂, and various SPCE/MoS₂-Ag configurations, demonstrated in distinct colors. The y-axis represents current in microamperes, and the x-axis represents potential in volts.]FIGURE 6 | Cyclic voltammetry plots of bare and modified SPCE in 1 mM K [Fe(CN)6]3−/4− redox probe. Insert: cyclic voltammogram highlighting the SPCE-Bare, SPCE/MoS2, and SPCE/MoS2-Ag,1, SPCE/MoS2-Ag,2 and SPCE/MoS2-Ag,3.The electrochemical surface area was determined to gain deeper insight into the optimization and performance of the fabricated electrodes. This calculation helps evaluate the efficiency of electron transfer and the availability of electroactive sites, ensuring that the electrodes are designed and utilized effectively for enhanced sensor performance. The electroactive surface area (A) was determined using the Randles–Sevcik Equation 2 (Zhang et al., 2024; Maheshwaran et al., 2022).
IP=2.69 x 105An3/2D1/2Cv1/2(2)
Where Ip is the peak current, n is the number of electrons involved in the [Fe(CN)6]−3/4 redox process, A is the electroactive surface area, D is the diffusion coefficient of [Fe(CN)6]−3/4 (7.6 × 10−6 cm2s-1), C the concentration of ferricyanide solution (1 mM) and υ is the scan rate (0.01 Vs-1). The electroactive surface area of SPCE-Bare was 0.0265 cm2, while that of SPCE/MoS2-Ag,2, SPCE/MoS2-Ag,3, SPCE/MoS2-Ag,4 were found to be 0.0272 cm2, 0.0857 cm2, and 0.205 cm2 respectively. A larger electroactive surface area provides more sites for electrochemical reactions, boosting catalytic activity and speeding up electron transfer for better redox efficiency. It also enhances sensitivity by allowing more analyte interactions, resulting in stronger signal responses.
EIS was employed to analyze electrochemical impedance variations and evaluate fabricated electrodes' interfacial electron transfer resistance (Rct) at the electrode-electrolyte interface. The Nyquist plots and the Randles equivalent circuit of bare SPCE and SPCE/MoS2-Ag are illustrated in Figure 7. The fitted equivalent circuit module parameters are also described in Table 2. The Nyquist plots display a semicircle in the low-frequency region, with its diameter representing the Rct of the modified electrodes. Additionally, a straight line at a 45° angle to the horizontal axis in the low-frequency region indicates a diffusion-limited process characterized by the Warburg element (Anuar et al., 2020). The Randles circuit showed characteristic elements; solution resistance (Rs), Rct, constant phase element (CPE), double layer capacitance (Cdl), and Warburg element. All MoS2-Ag modified electrodes displayed semicircles of varying diameters, indicating differences in Rct. The SPCE/MoS2 electrode exhibited a high Rct value of approximately 300 kΩ, indicating significant resistance to electron transfer from [Fe(CN)6]3-/4- due to the inherently poor conductivity of MoS2 (Devi et al., 2019). However, upon incorporating Ag NPs into MoS2, the Rct value decreased considerably, with further reductions observed as the Ag NP content increased. This decline in resistance suggests enhanced electron transfer kinetics of [Fe(CN)6]3-/4- at the electrode surface, highlighting the superior conductivity of the MoS2-Ag nanocomposite. The improved charge transfer efficiency demonstrates the synergistic effect of Ag NPs, which effectively enhance the electrochemical performance of the modified electrode.
[image: Three-part image: (a) Nyquist plot for Bare SPCE showing a semicircle at low frequencies. (b) Nyquist plots for SPCE/MoS2 with Ag variations showing different semicircle sizes, indicating varying impedance. (c) Equivalent circuit diagram including Rs, Rct, Cdl, CPE, and W elements.]FIGURE 7 | Nyquist plots of (a) bare and (b) modified SPCE in 1 mM K [Fe(CN)6]3−/4− redox probe. (c) Randles equivalent circuit.TABLE 2 | EIS data of bare and modified SPCE in 1 mM K [Fe(CN)6]−3/4-.	EIS parameters	Electrodes
	Bare SPCE	MoS2	MoS2-Ag,1	MoS2-Ag,2	MoS2-Ag,3	MoS2-Ag,4
	RS (kΩ)	166	11.0	11.4	9.55	11.5	7.87
	Rct (kΩ)	177	300	244	125	109	68.6
	Cdl (kF)	1.1 × 10−21	252 × 10−7	122 × 10−7	169 × 10−7	110	7.72 × 10−8
	CPE (pF)	83.2	36.3	51.8	99.6	137	167
	W (μ)	-	-	1.10	246	76.9	398
	n	0.563	1.1	1.06	0.986	0.956	0.961
	j0	1.451 × 10−7	8.564 × 10−8	1.053 × 10−7	2.06 × 10−7	2.357 × 10−7	3.778 × 10−7
	k0	2.128 × 10−8	1.2 × 10−8	1.46 × 10−8	2.86 × 10−8	3.28 × 10−8	5.26 × 10−8


Additionally, the electron transfer rate constant (k0) and exchange current density (j0) for both the bare SPCE and MoS2-Ag modified electrodes were determined from the EIS data using Equations 3,4,  (Bashir et al., 2020; Erk et al., 2024) and are presented in Table 2.
Rct=RTF2CAk0(3)
Rct=RTnFAj0(4)
k0 represents the standard heterogeneous electron transfer rate constant (cm s-1), while j0 signifies the exchange current density (A cm-2). R is the universal gas constant (8.314 J K−1 mol-1), T is the temperature (298.15 K), and F is the Faraday constant (96,485 C mol-1). Rct corresponds to the electron transfer resistance (Ω), A is the electrode surface area (cm2), n is the number of electrons transferred, and C represents the concentration of the [Fe(CN)6]3-/4- solution (1 × 10−6 mol cm-3).
Determining the heterogeneous electron transfer rate constant k0 was crucial for assessing the electron transfer kinetics of the electrodes. A lower k0 value indicates a longer time to reach equilibrium, whereas a higher k0 value signifies a faster equilibration process (Erk et al., 2024). The obtained k0 values reveal that the modified electrode exhibits a significantly higher k0 compared to the bare electrode, indicating improved electron transfer kinetics. This enhancement highlights the superior electrochemical performance of the modified electrode. Furthermore, the magnitude of the exchange current density j0 indicates how efficiently the electrochemical reaction occurs at the electrode surface. The calculated j0 values for the modified electrodes were significantly higher than those of the bare electrode. This improvement is primarily due to the nanocomposite electrode’s large surface area and the incorporation of Ag NPs, which enhance electron transfer. The superior j0 and k0 values highlight the beneficial properties of the nanocomposite-modified electrodes, demonstrating their effectiveness in facilitating efficient electron transfer within the electrochemical system.
3.5 Dopamine detection
To evaluate the DA sensing performance of SPCE/MoS2-Ag,4, cyclic voltammetry (CV) was conducted over a potential range of −1 V to 1 V, both in the absence and presence of 1 mM DA in a 0.1 M phosphate buffer solution (pH 7.4). The SPCE/MoS2-Ag,4 electrode was chosen for DA detection due to its superior electrochemical performance compared to other electrodes, as demonstrated in earlier sections. As shown in Figure 8, a pair of well-defined redox peaks were observed at I (0.148 V), II (0.126 V), and II (−0.164 V), indicating the presence of Ag NPs in the MoS2-Ag conductive ink. The anodic peak corresponds to the oxidation of Ag0 to Ag+, while the cathodic peaks represent the reduction of Ag+ to Ag0 and the reduction of Ag2+ to Ag+, respectively (T et al., 2023; Anshori et al., 2021). Upon the addition of 1 mM DA, a distinct oxidation peak appeared, highlighting the excellent electrochemical performance of the SPCE/MoS2-Ag4 electrode. The enhanced oxidation response arises from the synergistic effects of Ag nanoparticles, and MoS2 nanosheets. Ag nanoparticles provide high conductivity, efficient electrochemical activity, and fast electron transfer, consistent with their well-established electrocatalytic properties for dopamine detection (T et al., 2023; Anshori et al., 2021). Moreover, MoO3, generated through partial oxidation of MoS2, serves as an additional electron mediator that facilitates redox processes and enhances dopamine oxidation. Combined with the large active surface area of the 2D MoS2 nanosheets, the integrated material significantly improves the sensitivity and overall electrochemical performance of the modified electrode (Sharma et al., 2023; Zribi et al., 2021). To determine whether the DA oxidation process on the SPCE/MoS2-Ag,4 electrode is governed by a diffusion-controlled or adsorption-controlled reaction, the effect of scan rate on the peak current response of DA was examined.
[image: Graph depicting current versus potential for SPCE/MoS₂-Ag₄. Two lines represent different concentrations of DA in PBS: black for 0.0 mM and red for 1 mM. Peaks and troughs are labeled I, I', II, and DA, indicating electrochemical responses.]FIGURE 8 | Cyclic voltammograms of the SPCE/MoS2-Ag,4 in the absence and presence of 1 mM DA in 0.1 M phosphate buffer solution of pH 7.4.3.6 Scan rate studies of SPCE/MoS2-Ag,4 electrode
A scan rate study is commonly used to assess the reaction kinetics of an analyte on the surface of a modified electrode. To investigate the redox properties of the SPCE/MoS2-Ag,4 sensor, the relationship between its electrochemical activity and varying scan rates was examined. The voltammogram response at different scan rates provided valuable kinetic insights into the electrocatalytic process, including diffusion and adsorption effects. Figure 9a presents CV’s of the SPCE/MoS2-Ag,4 recorded within a potential window of −1 to 1 V, with scan rates ranging from 5 to 20 mV/s in an electrolyte solution of 1 mM DA in 0.1 M phosphate buffer (pH 7.4). The results show that the oxidation peak current increases with increasing scan rate, accompanied by a slight shift toward more positive anodic peak potential values. Additionally, the anodic peak current (Ipa) exhibits a linear correlation with the square root of the scan rate (Figure 9b), indicating that the electrooxidation of DA at the electrode surface is primarily adsorption-controlled with partial diffusion effects (Masood et al., 2024). The linear equation describing this relationship and the corresponding correlation coefficient R2 is:
IpμA=4237 v12+5.798 R2=0.932
[image: Four graphs illustrate electrochemical data analysis. (a) Cyclic voltammograms display current versus potential at various scan rates from 5 to 20 millivolts per second. (b) A linear plot of peak anodic current \(I_{pa}\) versus the square root of the scan rate with \(R^2 = 0.932\). (c) Logarithmic plot of \(I_{pa}\) against log scan rate with \(R^2 = 0.927\). (d) Plot of potential \(E_{pa}\) versus log scan rate with \(R^2 = 0.831\). Each graph shows a fitted line with corresponding equations.]FIGURE 9 | (a) Cyclic voltammograms of the SPCE/MoS2-Ag,4 at different scan rates (5–20 mV/s) in 0.1 M phosphate buffer solution of pH 7.4 containing 1 mM of DA. (b) graph of the anodic peak current versus the square root of scan rate. (c) A graph of the logarithm of anodic peak current versus logarithm of scan rate. (d) A graph of the peak potential versus the logarithm of scan rate.To further confirm the nature of the processes occurring at the electrode surface, an alternative approach was employed. Specifically, a logarithmic plot of the peak current (log I) versus the scan rate (log v) (Figure 9c) was constructed, as the slope of this plot provides insights into the reaction mechanism. A slope close to one suggests an adsorption-controlled process, whereas a value near 0.5 indicates a diffusion-controlled reaction (Masood et al., 2024; Lang et al., 2022). The obtained correlation slope was 0.735, which is closer to the theoretical value of 1, suggesting that the oxidation reaction at the SPCE/MoS2-Ag,4 electrode is primarily governed by an adsorption-controlled mechanism. The resulting regression equations is:
log⁡IpmA=0.7356⁡log⁡v+2.901 R2=0.927
Furthermore, we investigated the relationship between the anodic peak potential (Ep) and the logarithm of the scan rate (log ʋ) to gain deeper insights into the electrochemical behaviour of the SPCE/MoS2-Ag,4 sensor. The analysis revealed a linear correlation between Ep and log ʋ, indicating a systematic dependence of the oxidation process on the scan rate. To further interpret these findings, the Tafel slope (b) was determined using the Tafel Equation 5, where b represents the Tafel value and k is a constant.
Ep=b/2 Log v+k
The calculated Tafel slope was 0.325 V/dec, which exceeds the theoretical value of 0.118 V/dec expected for a one-electron transfer process (Adesanya and Fayemi, 2024; Tetyana et al., 2023). This deviation suggests the involvement of additional surface interactions, such as the adsorption of reactants or intermediates on the electrode surface (Adesanya and Fayemi, 2024; Tetyana et al., 2023). These results further support the hypothesis that the oxidation process at the SPCE/MoS2-Ag,4 electrode is influenced by adsorption effects, complementing the conclusions drawn from the scan rate studies.
3.7 Repeatability and reproducibility of SPCE/MoS2-Ag,4 sensor
Reproducibility and repeatability are essential parameters for assessing the reliability and overall performance of a sensor. To evaluate the repeatability of the developed DA sensor, 12 consecutive measurements were conducted under identical conditions. As illustrated in Figure 10a, the results demonstrated minimal variation in both the peak potential and current response, confirming that the sensor maintains consistent performance over multiple runs. This stability suggests that a single modified electrode can be utilized for multiple measurements without significant loss of activity, making it suitable for repeated DA detection. Additionally, the reproducibility of the SPCE/MoS2-Ag,4 (Figures 10b,c)sensor was examined using CV across six independently fabricated electrodes. The obtained relative standard deviation (RSD) was 0.13%, indicating excellent reproducibility in the electrode preparation process. This low RSD value confirms that the fabrication method is highly reliable, ensuring uniform sensor performance across different electrodes. Such high reproducibility and repeatability highlight the robustness of the developed sensor, making it a promising candidate for practical applications in DA detection.
[image: Three-panel image displaying electrochemical data. (a) Cyclic voltammetry scans showing current versus potential with multiple overlapping curves for the first and twelfth scans. (b) Cyclic voltammetry curves for six electrodes, each represented by a different color. (c) Bar graph illustrating potential for six electrodes with green bars and error margins.]FIGURE 10 | (a) Current response of 12 scans, (b) Cyclic voltammograms and (c) histogram representation of the current responses of six different SPCE/MoS2-Ag,4 sensors in 0.1 M phosphate buffer solution containing 1 mM DA.3.8 Amperometric detection of DA at SPCE/MoS2-Ag,4 sensor
Amperometric studies were conducted to evaluate the influence of DA concentration on the performance of the developed sensor at a fixed potential of 0.4 V, as well as to determine its detection limit (DL) for DA. To achieve this, chronoamperometric measurements were performed over a period of 100 s, as shown in Figure 11a. The experiments were carried out in an electrolyte solution containing varying DA concentrations, ranging from 0.01 to 0.08 mM, prepared in a 0.1 M phosphate buffer solution (pH 7.4). For each measurement, a freshly prepared SPCE/MoS2-Ag,4 electrode was used to ensure accuracy and eliminate potential carryover effects. The recorded chronoamperometric responses provided insights into the sensor’s sensitivity and response dynamics, helping to characterize its ability to detect DA at different concentration levels. A significant increase in the amperometric current was observed with the gradual rise in DA concentration, demonstrating the sensor’s sensitivity toward dopamine oxidation. Notably, the sensor reached a steady-state current within 40 s, indicating a relatively rapid response time. This fast stabilization suggests efficient electron transfer kinetics and strong interaction between DA and the SPCE/MoS2-Ag,4 electrode surface. Figure 11b represents the calibration curve of the modified electrode toward DA detection and a very good linear response was established with a linear regression equation: I μA=6.134 DAmM+0.12579 and a correlation coefficient of R2=0.988. The SPCE/MoS2-Ag,4 sensor exhibited excellent analytical performance, characterized by a low limit of detection of 0.016 μM and a high sensitivity of 6.134 μA/mM. The limit of detection (LOD) was calculated using the formula LOD = 3.3σ/S, where σ represents the standard deviation of the blank response, and S is the slope of the calibration curve (Rehman et al., 2025; Raju et al., 2024).
[image: (a) Graph showing current (µA) versus time (seconds) for various dopamine concentrations from 0.0 to 0.08 mM. Current decreases sharply before stabilizing. (b) Scatter plot of current (µA) against dopamine concentration (mM), with a linear fit equation I (µA) = 6.134 [Dopamine] (mM) + 0.12579, and an R-squared value of 0.988, indicating high correlation.]FIGURE 11 | (a) Chronoamperometry responses of SPCE/MoS2-Ag,4 sensor at different concentrations of DA (0.01–0.08 mM) in 0.1 M phosphate buffer solution and (b) the corresponding calibration curve.The MoS2 in the composite has a widened interlayer distance, creating a favourable channel that reduces diffusion barriers and improves electron transfer. Additionally, the MoS2-Ag nanocomposite exhibits a significantly higher current response, demonstrating the synergistic enhancement of Ag on MoS2 (Raju et al., 2024). These results indicate the sensor’s capability to detect low dopamine concentrations with strong signal responsiveness. The low limit of detection suggests that the sensor is well-suited for applications requiring high sensitivity, while the notable sensitivity value reflects its efficiency in translating DA concentration changes into measurable electrochemical signals. This performance highlights the potential of the SPCE/MoS2-Ag,4 sensor for reliable and accurate DA detection in real-life applications. To assess the effectiveness of the proposed DA sensor, its performance was compared with previously reported MoS2-based DA sensors that utilized various electrode types. A detailed comparison, presented in Table 3, highlights key parameters such as sensitivity, detection limit, and linear detection range. The SPCE/MoS2-Ag,4 sensor showed similar sensitivity and a low detection limit compared to other reported sensors without needing binder materials to boost its electrocatalytic activity. This binder-free design makes fabrication easier while preserving high performance. Its sensing ability matches that of existing sensors, highlighting its potential for dopamine detection.
TABLE 3 | Comparative analytical results of various electrochemical sensors performances against dopamine.	Electrode material	Sensing technique	Linear range (μM)	Sensitivity (μA/μM)	LOD (μM)	Ref.
	FTO/MoS2	DPV	1–300	0.05	0.246	Pavličková et al. (2022)
	MoS2NS/CC	CV	250–4000	0.77	0.3	Sabar et al. (2022)
	MnFe2O4/MoS2/SPCE	DPV	1–100	0.9941	0.41	Wu et al. (2022)
	GCE/Ppy-α-Fe2O3-MoS2	SWV	0.3–1000	0.027	0.073	Rehman et al. (2025)
	GCE/ENi–hMoS2	DPV	50–3,600	8.9288	2.1	Raju et al. (2024)
	MoS2/rGO/GCE	DPV	0.1–110	15.73	0.013	Xin et al. (2024)
	MoS2-PANI/rGO/GCE	DPV	5.0–500	21.866	0.70	Li et al. (2019)
	MoS2 NSs/N-Gr/GCE	Amperometry	3.2–5680	75.49	11.9	Bach et al. (2019)
	MoS2/SPCE	LSV	1–100	-	0.085	Zribi et al. (2020)
	MoS2 NFs-rGO/ITO	DPV	5–60	2.29	0.12	Guo et al. (2020)
	Ce-MoS2 NFs/SPE	LSV	0.05–100	5.37	0.028	Thamilselvan et al. (2023)
	h-MoS2/GCE	DPV	50–1200	0.0232	4.18	Ipekci (2023)
	SPCE\MoS2-Ag,4	Amperometry	1.0–80	6.134	0.016	This work


3.9 Interference studies of SPCE/MoS2-Ag,4 sensor
Studies have shown that overlapping electrical signals from AA and UA in the human body can interfere with the accurate detection of low DA concentrations. Therefore, enhancing the electrochemical sensor’s anti-interference capability in the presence of AA and UA is crucial for improving its practical applicability. The selectivity of the SPCE/MoS2-Ag,4 sensor for DA detection in the presence of common interfering species at their typical physiological concentrations was evaluated using the chronoamperometric method, as shown in Figure 12a. The study analyzed DA alongside biomolecules such as glucose, AA, UA, serotonin, and metal ions like NaCl and KCl, each at a concentration of 100 μM. The results confirmed the sensor’s ability to selectively detect dopamine, as no significant current response was observed for other biomolecules or metal ions at the working potential of 0.4 V. The presence of glucose, AA, UA, serotonin, NaCl, and KCl did not interfere with the detection of 100 μM DA, as these species produced negligible effects on the sensor’s response. As shown in Figure 12b, the current signals generated by these potential interferents were significantly lower than that of dopamine, demostrating the excellent selectivity and strong anti-interference capability of the SPCE/MoS2–Ag4 sensor. Among the tested species, only serotonin exhibited a measurable current response, approximately one-third of the dopamine signal. Although this reflects a degree of signal overlap, the response remains comparatively small, indicating only minor interference when compared to the dominant DA response. Overall, the sensor demonstrates high specificity, ensuring reliable dopamine detection even in complex biological environments, thereby confirming its strong potential for practical applications.
[image: Graph (a) displays current versus time for DA and serotonin, showing significant current declines around 20 seconds and a secondary decline at 40 seconds. An inset graph highlights various substances including AA, UA, and glucose within a reduced current range. Graph (b) illustrates a bar chart comparing current levels for AA, UA, KCl, NaCl, glucose, serotonin, and DA, highlighting a substantial increase for DA.]FIGURE 12 | (a) Chronoamperometric responses of SPCE/MoS2-Ag,4 in 100 μM glucose and 100 μM of the interference species; AA, UA, glucose, serotonin, KCl, and NaCl. (b) A graph representing the current responses of DA and interfering species.4 CONCLUSION
In this study, a novel electrochemical sensor was developed for DA detection using a MoS2-Ag nanocomposite conductive ink. The formulated MoS2-Ag ink exhibited enhanced electrochemical properties, making it a highly effective sensing material. The sensor demonstrated excellent catalytic performance, achieving a low detection limit of 0.016 μM and a broad dynamic linear range from 0.01 to 0.08 mM for DA detection. Additionally, it exhibited high selectivity, effectively minimizing interference from other biomolecules and metal ions. The SPCE/MoS2-Ag,4 sensor also displayed remarkable reproducibility and strong electrocatalytic activity, primarily due to its superior conductivity, efficient electrochemical response, and rapid direct electron transfer facilitated by the presence of Ag NPs. The unique layered structure of MoS2, characterized by a large surface area, provided additional active sites for electron transfer, further enhancing the sensor’s performance. When combined with Ag, a synergistic effect was observed, improving charge mobility and optimizing the electrode’s overall electrochemical behaviour. These combined properties highlight the potential of the SPCE/MoS2-Ag,4 sensor as a reliable and efficient platform for DA detection in real-life applications.
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