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Abstract- The goal of this study is to establish a simple and convenient co-precipitation 

approach for the ultrasonic synthesis of NiMoO4/Mn(VO3)2 heterostructures without capping 

agents and to adapt the glassy carbon electrode with this material for electrochemical detection 

of dopamine. To analyze the chemical structure and morphology of nanostructures, field 

emission scanning electron microscopy (FE-SEM) and X-ray diffraction (XRD) techniques 

were used. The ultrasonic wave for pure NiMoO4/Mn(VO3)2 heterostructures with 
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homogeneous sphere-like shape and small particle size around 30-40 nm was discovered using 

FESEM and XRD results. Electrochemical sensors have been sought after for studying 

biological, environmental, and pharmaceutical species due to their long-term reliability, high 

sensitivity, and accuracy, as well as their low cost, speed, and ease of shrinking. Differential 

pulse voltammetry (DPV) and cyclic voltammetry (CV) were used to conduct electrochemical 

experiments of the GCE/NiMoO4/Mn(VO3)2 towards dopamine (DA) detection. According to 

the DPV results, the modified sensor revealed a linear concentration range of 1 to 60 μM with 

a limit of detection of 0.33 M and high selectivity.  

Keywords- NiMoO4/Mn(VO3)2; Heterostructures; Dopamine; Electrochemical sensing; 

Co-precipitation method  
 

1. INTRODUCTION  

The intriguing size-dependent optical, mechanical, magnetic, chemical, electrical, and 

thermal properties of one-dimensional inorganic luminous nanomaterials such as nanotubes, 

nanowires, nanofibers, nanobelts, and nanorods are of fundamental importance. They see 

potential applications in molecular computing, nanomedicine, energy storage, fuel cells, 

sensors, and tunable resonant devices from this standpoint [1-6].  

Due to their interesting size-dependent optical, mechanical, thermal, electrical, magnetic, 

and chemical properties, one-dimensional inorganic luminous nanomaterials like nanofibers, 

nanobelts, nanowires, and nanorods, are of fundamental interest. As a result, they see potential 

uses for their technology in fuel cells, energy storage, molecular computing, nanomedicine, 

tunable resonant devices, sensors, and nanophotonics [7-9]. 

The long-term dependability, high sensitivity, and accuracy of electrochemical sensors, as 

well as their affordability, speed, and simplicity of scaling, have made them useful for studying 

biological, environmental, industrial, and pharmaceutical species [10-17]. Numerous 

exceptional nanomaterials, including metal oxides, metals, metal-organic, carbon-based 

nanomaterial frameworks and conductive polymers have been used for electrochemical assays 

for more than 20 years to improve analytical performance [18-21]. A neurochemical transmitter 

to the brain called dopamine (DA), was identified by Arvid Carlsson in 1957 [22]. The 

cardiovascular, central nervous system, endocrinology, and renal systems are all impacted by 

dopamine. DA also keeps track of a number of bodily processes, including cognition, 

movement, mood, behavior, learning, and attention [23-26]. Depression, addiction, 

schizophrenia, and neurodegenerative conditions like Alzheimer's and Parkinson's may all be 

brought on by an imbalance in DA levels in the human brain [27]. Alzheimer's, Parkinson's, 

addiction, and other neurodegenerative conditions can all be brought on by an imbalance in 

DA levels in the human brain.  Several techniques, including chemiluminescence, 

chromatographic, colorimetric, fluorescence, and spectrophotometry, are used to determine the 

DA [28-30]. These conventional techniques also need expensive and time-consuming sample 

pretreatments that are tedious [31,32].  Therefore, it is essential to employ techniques that have 

the following characteristics: quick response time, low cost, simplicity, low detection limit, 
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selectivity, and high sensitivity [1,33,34]. Our goal is to create NiMoO4/Mn(VO3)2 

heterostructures for the electrochemical detection of DA using these precursors: 

Ni(NO3)2.H2O, Mn(NO3)2.6H2O, NH4VO3, and (NH4)6Mo7O24. 

 

2. EXPERIMENTAL SECTION 

2.1. Materials and characterization  

In this experiment, all of the chemical reagents were of analytical quality and were utilized 

directly. A Philips-X'PertPro X-ray diffractometer was used to record the X-ray diffraction 

(XRD) patterns while emitting Ni-filtered Cu K radiation with a scan range of 10280. Images 

from scanning electron microscopy (SEM) using the energy dispersive X-ray spectroscopy on 

the LEO-1455VP were obtained. Using a Philips XL30 microscope, the energy dispersive 

spectrometry (EDS) analysis was examined. Shimadzu UV-Vis scanning spectrometer was 

used to conduct an investigation of UV-Vis diffuse reflectance spectroscopy. At room 

temperature, the sample's magnetic properties were measured using a vibrating sample 

magnetometer (VSM) made by Meghnatis Daghigh Kavir Co. in Kashan, Iran. 

 

2.2. Synthesis of NiMoO4 nanoparticles  

Separately, 40 ml of distilled water was used to dissolve Ni(NO3)2.H2O (1 mmol) and 

(NH4)6Mo7O24 (2 mmol). Then, while stirring and without adjusting the pH, (NH4)6Mo7O24 

solution and Ni(NO3)2.H2O solution were combined. The finished product of the reaction was 

centrifuged, several times washed with ethanol and distilled water, and then dried for 90 

minutes at 50 °C in air in a typical furnace. 

 

2.3. Synthesis of NiMoO4/Mn(VO3)2 heterostructures 

On the basis of earlier research, NiMoO4 nanocrystals were first created. After that, 80 mg 

of it was ultrasonically mixed with 30 ml of water for 30 minutes.  Then, under stirring, a 

solution of 1 mmol of Mn(NO3)2.6H2O and a solution of 2 mmol of NH4VO3 were added to 

the dispersed NiMoO4 solution. The final precipitate was successively dried, calcined at 500 

°C for an hour, and washed three times with distilled water.  

 

2.4. Electrochemical study 

An Autolab potentiostat/galvanostat model PGSTAT302 (EcoChemie, Netherlands) was 

used to conduct electrochemical studies such as cyclic voltammetry (CV) and differential pulse 

voltammetry (DPV). A three-electrode system was used for all electrochemical experiments. It 

consisted of a platinum plate as the counter electrode, an Ag/AgCl reference electrode, and 

GCE/NiMoO4/Mn(VO3)2 as the working electrode, which was prepared by drop casting 3 L of 
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NiMoO4/Mn(VO3)2 suspension (1 mg/ml in DMF). Every experiment was conducted at room 

temperature. 

 

3. RESULTS AND DISCUSSION 

3.1 Structural characterization of NiMoO4/Mn(VO3)2 heterostructures 

Figure 1 displays the XRD patterns of the heterostructures of NiMoO4 and Mn(VO3)2. Our 

findings imply that every constructed heterostructure is pure and contains two phases. The first 

is the tetragonal phase of NiMoO4 and Mn(VO3)2 (JCPDS 016-0291), while the second is 

monoclinic (JCPDS 36-0166) with an I41/a space group, respectively. The crystallite diameter 

(Dc) of NiMoO4/Mn(VO3)2 heterostructures is calculated to be 25.3 nm from XRD data and 

the Scherrer equation (Dc= Kλ/βcosθ), respectively [28]. 

 

 

Figure 1. XRD patterns of NiMoO4/Mn(VO3)2 heterostructures obtained at 25 °C 

 

FE-SEM was used to examine the morphology of the NiMoO4/Mn(VO3)2 heterostructures. 

Figure 2 shows spherically shaped uniform nanoparticles with an average particle size of about 

30-35 nm that are evenly dispersed throughout the sample. 

 

 

Figure 2.  FESEM images of NiMoO4/Mn(VO3)2 heterostructures obtained at 25 °C 
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3.2. Study of the electrochemical behavior of prepared electrodes 

To assess the effectiveness of the GCE and GCE/NiMoO4/Mn(VO3)2 in the electrochemical 

detection of DA, a cyclic voltammetry technique was created. For this, the CV technique was 

used at a scan rate of 50 mVs-1 with a potential range of -0.1 to 0.5 V in a solution of 50.0 mol 

L-1 DA in 0.1 mol L-1 PBS (pH 5.0). Figure 3 shows that the cyclic voltammograms of the two 

electrodes exhibit a reversible oxidation/reduction peak over the voltage window (-0.1 to 0.5 

V). Starting at 0.38 V vs. Ag/AgCl, the GCE/ NiMoO4/Mn(VO3)2 modified electrode exhibits 

a sizable oxidation current. On the bare GCE and the GCE/ NiMoO4/Mn(VO3)2, the Ep linked 

to DA is 0.19 and 0.16 V, respectively (see Figure 3). The modified electrode's increased peak 

current and decreased difference between its oxidation peak potential and reduction peak 

potential (Ep) show that electron transfer took place effectively at its surface.  A notable 

capacity to expand the electroactive surface area as well as an enhancement of the electron-

transfer between the electrode and the analyte on modified electrode are both shown by a little 

negative shift of the onset potential for electrooxidation of DA and a considerable amplification 

of DA peak current. These findings suggest that the redesigned electrode performs more 

effectively for electrochemical sensing. 

 

 

Figure 3. Cyclic voltammetry of the surface of the GCE and GCE/ NiMoO4/Mn(VO3)2  in 50.0 

μmol L−1 DA in 0.1 mol L−1 PBS (pH 5.0) 

 

CV was used to examine the kinetic behavior of DA over the GCE/NiMoO4/Mn(VO3)2 

fabricated surface as well as the electrochemical mechanism of electrode reaction. The built 

electrode's acquired voltammograms in 0.l M PB solution (pH 5) containing 50.0 mol L-1 at 

various scan rates ranging from 30 to 200 mVs-1 are shown in Figure 4. The rise in cathodic 

peak current caused by raising the scan rate from 30 to 200 mVs-1 is clearly shown in Figure 

4A. The square root of the scan rate has an agreeable linear association with the decrease peak 

current (Ipc). The square root of the scan rate is shown against the cathodic peak currents for 

electro-oxidation of DA in Figure 4B, and its linear regression equation is stated as: y= 0.17x-

0.24 and y=-0.11x+0.10, indicating that at the interface between the target species' DA-
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containing electrolyte and electrode system, the diffusion process regulates the acquired current 

amplitude data. 

 

 

Figure 4. (A) Effect of the scan rate on cyclic voltammograms response of 50.0 μmol L−1 DA 

(pH=5) at GCE/ NiMoO4/Mn(VO3)2 electrode with different scan rates (30-200 mVs−1) and 

(B) Dependency of the peak currents to square root of the scan rate 

  

At GCE/NiMoO4/Mn(VO3)2, cyclic voltammetry experiments were carried out to examine 

the impact of pH (3.0-7.0) on Ip and Ep of DA. According to Figure 5, the largest peak current 

is visible at pH 5.0 (green curve), which was chosen for the studies that followed. In Figure 5, 

the link between Ep and pH is also depicted. Peak potential changes downward as pH rises, as 

evidenced by the equation of the straight-line Y = -0.069X+0.697, (r2 = 0.994). The slope of 

Ep vs. pH is -0.069 V pH-1, which is close to the theoretical value of -0.059 V  

pH-1, indicating that the electro-reduction of DA involved an equal number of protons and 

electrons. 

 

 

Figure 5. (A) Influence of pH on the reduction peak current and (B) potential of CV for of 50.0 

μmol L−1 DA at the GCE/ NiMoO4/Mn(VO3)2 

 

Using the DPV approach, GCE/NiMoO4/Mn(VO3)2 were quantified at various DA 

concentrations on GCE/ NiMoO4/Mn(VO3)2 in the presence of 0.05 M PBS (pH 5.0) under 
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optimal voltammetric conditions, as shown in Figure 6. In the concentration range of the DA 

from 1 to 60 μM, it is evident that the peak current versus the DA concentration has a linear 

connection with a slope of 0.0208 A M-1 (equation regression y=0.0208x+0.1349 with 

R2=0.994). Additionally, the following methods can be used to establish the low limit of 

detection (LOD) and limit of quantification (LOQ) of LOD [35,36]: 

LOD=3K/∂ 

LOQ=10K/∂ 

where, ∂ = corresponding to the linear slope and k = standard deviation method from the 

detected blank solution of three measurements. The first linear plot of 

NiMoO4/Mn(VO3)2/GCE shows a low LOD of 0.33 μM and LOQ of 1 μM, respectively, using 

the aforementioned equations. The sensor has a wide linear range, decreased LOD, and good 

sensitivity (seen through the calibration curve's slope), all of which can be attributed to the 

modified electrode's enhanced effective surface area. 

 

 

Figure 6. The recorded differential pulse voltammograms for v concentrations of DA from 1-

60 μM on the GCE/ NiMoO4/Mn(VO3)2  in PB with pH= 5 and (B) relative calibration curve 

 

Using GCE/NiMoO4/Mn(VO3)2 in PBS (pH=5.0) containing 15 μM of DA in the presence of 

Cl-, Na+, K+, Mg2+ and SO4
2- (1 mM), as well as glucose, caffeine, and ascorbic acid (100 μM), the 

selectivity of the sensor was examined using the DPV approach towards DA. The original peak, 

where the change in signals due to interference was less than 4%, is unaffected by the presence of 

1 mM interfering species in the presence of 15 μM DA. The findings demonstrated that the addition 

of interfering species had no discernible impact on the Ipc current and Epc potential of 15 μM DA. 

The modified electrode was shown to have high selectivity performance for the detection of DA 

without altering cross-interfering species. 

The suggested sensor's applicability was evaluated by measuring the amount of DA in a sample 

of human serum at the surface of a GCE/NiMoO4/Mn(VO3)2 electrode. The samples were made 

using the conventional addition procedure (Table 1). In these assays, no DA at all was found in 
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serum samples from healthy people. By obtaining the recovery of known amounts of DA spiked in 

the serum solutions at various concentrations, the accuracy of the analysis was assessed. The results 

demonstrate an average recovery of 93% and 96.5% for DA given to the serum samples, 

respectively, demonstrating the method's dependably accurate performance. 

 

Table 1. Analysis of human serum sample by differential pulse voltammetry on the GCE/ 

NiMoO4/Mn(VO3)2 

Sample Target Detected  

(μM) 

Added 

 (μM) 

Found  

(μM) 

Recovery  

(%) 

RSD  

(n = 3) (%) 

Serum (I)  DA - 10 9.3 93 3.42 

       

Serum (II) DA - 20 19.3 96.5 2.92 

       

 

4. CONCLUSION 

In conclusion, a simple method for creating heterostructures of NiMoO4 and Mn(VO3)2 is 

disclosed. In addition, the synthetic substance was applied to the glassy carbon electrode to 

change it for the electrochemical detection of DA. By using XRD and SEM to analyze the 

morphology and particle size of the finished goods, as well as CV and DPV to study 

electrochemical research. The suggested sensor was based on modifying the GCE using 

straightforward, inexpensive materials, and it demonstrated a vibrant concentration-dependent 

signal throughout a broad linear response range for the determination of the DA between 1 and 

60 μM with a limit of detection of 0.33 μM and excellent selectivity. These results show that 

the proposed improved material can be used for additional electrocatalysis fields as well as the 

electrochemical detection of DA. 
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