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Abstract 

MnCr2O4 nanocomposites/modified carbon paste electrode based sensor were developed and validated by 

electrochemical detection of dopamine (DA). Hydrothermal method was used to prepare the MnCr2O4 

nanocomposites. Various approaches were used to characterize the Synthesized MnCr2O4 nanocomposites. 

Cyclic voltammetry was used to investigate the redox properties of MnCr2O4 nanocomposites/modified carbon 

paste electrode (MnCr2O4 nanocomposites/MCPE). The oxidation and reduction peak occurred at pH7.4 with the 

supporting electrolyte being 0.2M phosphate buffer solution in the analysis of MnCr2O4 nanocomposites /MCPE. 

The MnCr2O4 nanocomposites/MCPE has a very low detection limit is 0.63 µM, high sensitivity, a large surface 

area, a wide linear range (10 M to 100 M), and good repeatability. This modified electrode, which was used 

to detect dopamine in injection samples, has a lot of promise in practical applications. 
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1. Introduction 

Dopamine (DA) is a modulator enzyme that plays an important role in neurotransmission. 

It is a catecholamine that belongs to the inhibitory neurotransmitter community. Also it is one of 

the most widely used catecholamines [1-2]. DA is generated by dopaminergic neurons in the 

ventral tegmental area, the midbrain, and the hypothalamic arcuate nucleus of the substantia nigra. 

DA is present near the periphery of the kidney, where it induces diuresis, natriuresis, and renal 

vasodilation. It helps with motor regulation and cognitive tasks including memory. DA is one of 

the most explored neurotransmitters due to its importance in the human body (e.g., human 

metabolism, cardiovascular, central nervous, renal, and hormonal systems) [3–9]. Since DA is 

essential for signal transmission to the brain, a deficit of it can cause a variety of neurological 

diseases and disorders, including schizophrenia, attention deficit hyperactivity disorder (ADHD), 

and Parkinson's disease (PD). The loss of DA-containing neurons will trigger this [10-16]. In both 

biochemical and clinical diagnostics, quantitative measurement of DA in human physiological 

fluids is essential. Chemiluminescence [17], fluorimetry [18], ultraviolet-visible spectrometry 

[19], and capillary electrophoresis (CE-luminescence) [20] are all methods for detecting DA. 
Because it is an electrochemically active molecule, DA may also be determined using 

electrochemical techniques [21]. Electrochemical methods have created a lot of attention in recent 

years because they can be used to detect the neurotransmitters rapidly, at a low cost, and with a 

low detection limit and high accuracy [22]. 

Many strategies for improving the determination of DA have recently been published, 

including electropolymerization [23], surfactant modified carbon paste electrode [24-25] 

chemically modified carbon paste electrodes [26] and metal oxide nanoparticles modified 

electrodes [27]. 
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One of the most difficult tasks in modern surface science is to find effective modifiers for 

electrodes that can detect drug molecules. Researchers are interested in modifiers with low 

electrical conductivity, high surface area, long–term reliability, cost effectiveness, and high 

porosity [28–30]. Nanotechnology refers to the most dynamic control everywhere on the planet, 

and it is often regarded as the fastest-developing mechanical revolution in human history. 

Nanoscience is concerned with the study of materials and advancements in the range of 1-100 

nanometers. Nanostructures and nanomaterials have been prepared using a variety of techniques. 

[31-32]. Metal oxides are exciting materials for basic research and electrochemical applications 

due to their wide range of synthetic properties. Oxides length a wide scope of electrical properties 

from extensive band-hole covers to metallic. Metal oxides are used in a wide range of applications, 

including sensors [33]. Modified electrodes as sensors have been widely employed in different 

electrochemical detection due to their remarkable qualities such as high centered field, good 

conductivity, sensitivity, reactivity, and stability. In recent years, researchers have been 

particularly interested in semiconductor nanoparticles because of their potential uses in material 

science [34].The present study describes, hydrothermal synthesis of MnCr2O4 nanocomposites, 

which was followed by characterization using X-ray diffraction (XRD), Energy Dispersive X-

Ray (EDX) Analysis, Fourier transformer infrared spectroscopy (FTIR), Ultra violet visible (UV- 

Visible) spectroscopy, and Scanning electron microscope (SEM) analysis. Then, MnCr2O4 

nanocomposites/MCPE was prepared by mixing 6mg of MnCr2O4 nanocomposites with 70%:30% 

ratio of carbon paste electrode. This MnCr2O4 nanocomposites/MCPE were used for 

electrochemical detection of Dopamine (DA), at 0.2M PBS as used for supporting electrolyte 

(pH=7.4). The MnCr2O4 nanocomposites/MCPE has good electrocatalytic activity, a large 

electroactive surface area, high sensitivity, a low detection limit and minimization in over potential 

for DA.  

 

2. Experimental section 

 

2.1. Apparatus and chemical reagents 

 All tests have been carried out on a CHI-660c electrochemical work station potentiostat. 

A three-electrode cell with a bare carbon paste electrode (BCPE) and MnCr2O4 nanocomposites 

modified carbon paste electrode (MnCr2O4 nanocomposites/MCPE) as working electrodes, a 

saturated calomel electrode (SCE) as a reference electrode, and a platinum wire as an auxiliary 

electrode was used for the electrochemical measurements. All of the oxidation potential values 

obtained are plotted against SCE. Himedia provided dopamine (DA) (Bangalore, India). In double 

deionised water, a stock solution of DA (25×10−4M) is prepared. Loba chemie and Himedia 

provided graphite powder (50m particle size) and silicone oil, respectively (Bangalore,India). All 

of the chemicals were of analytical grade.  Merck (Bangalore, India) supplied the ingredients for 

the preparation of buffer solutions and MnCr2O4 nanocomposites preparation. Standard stock 

solutions of 0.2M NaH2PO4.H2O and 0.2M Na2HPO4 were mixed with double deionised water to 

make the 0.2M phosphate buffer solution (PBS) and Manganese chloride (MnCl2), potassium 

chromate (K2CrO4), sodium nitrate (NaNO3). Prior to analysis, both of the solutions were freshly 

prepared. The DA injection sample purchased from sterile specialities India Private Ltd with a 

specified content of DA of 40.0 mg/mL. 

2.2. Preparation of Manganese (II) Chromate (MnCr2O4) nanocomposites 

Hydrothermal method was used for the synthesis of MnCr2O4 nanocomposites. For that 1:1 

ratio, of  manganese chloride (MnCl2) and potassium chromate (K2CrO4) were taken in the round 
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bottom flask and it was liquefied in a 50 mL deionized water. Fallowing that, 0.7 g of sodium 

hydroxide (NaOH) was combined and sonicated for three h accordingly, after which the mixture 

was placed in a Teflon-autoclave for 20 h and kept at     210 0C. Finally, centrifugation was used 

to separate the products, which were then dried at 60 0C. Furthermore, the particles were separated 

from solution by centrifugation, and rinsed with double distilled water and ethanol, and then dried 

for 24 h at 100 0C. Then obtained product was MnCr2O4 nanocomposites. 

2.3. Preparation of bare carbon paste electrode  

 The bare carbon paste electrode (BCPE) was made with a 70:30 (w/w) mixture of graphite 

powder and silicone oil, ground for 30 minutes in an agate mortar and pestle to obtain a compatible 

carbon paste. After that, a small amount of the prepared paste was stuffed tightly into the cavity of 

a Teflon tube and smoothed with zero grade butter paper. A copper wire was used to make an 

electrical connection. 

2.4. Preparation of MnCr2O4 nanocomposites modified carbon paste electrode (MnCr2O4 

nanocomposites/MCPE) 

To make the modified carbon paste electrode, an agate mortar was used to blend the 6mg of 

MnCr2O4 nanocomposites, 70:30 (w/w) graphite powder, and silicone oil to make a homogeneous 

paste. A copper wire was inserted to maintain electrical contact after a portion of the paste was 

stuffed tightly into the cavity of a Teflon tube. The paste's surface was polished with a zero-grade 

butter paper until it was gleaming. 

3. Results and Discussion 

 

3.1. Characterization of MnCr2O4 nanocomposites 

The XRD pattern of MnCr2O4 nanocomposites are shown in Figure.1 (Fig.1). In XRD 

pattern of MnCr2O4 nanocomposites the peaks appear at 2 theta=18.80, 29.210, 34.390, 41.780, 

51.790, 55.190, 60.570, 64.670, 68.640, 72.510 and 76.290 corresponds to (111), (220), (311), (400), 

(422), (511), (440), (442), (620), (622) and (444) planed respectively and also corresponds to the 

crystalline structure of MnCr2O4 nanocomposites [35]. The strongest reflection occurs at the plane 

(311) is the characteristic phase of MnCr2O4 nanocomposites which confirms the formation of 

MnCr2O4 nanocomposites. The observed XRD data confirm the successful synthesis of MnCr2O4 

nanocomposites.  

 
Fig.1. XRD pattern of MnCr2O4 nanocomposites 
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The EDX analysis validated the stoichiometric elemental content and purity of the 

produced samples. The EDX spectra in Fig. 2 indicate intensity peaks associated with Mn in 

addition to Cr and O. This proves that the synthesis was impurity-free and that the MnCr2O4 phase 

was pure. Table 1 shows that the at% and wt % of all elements are exactly the same as their 

stoichiometric composition in their respective formula units [36]. 

 
Fig.2. EDX spectra of MnCr2O4 nanocomposites sample 

 

Table 1. Quantitative data of wt% and at% of the entire element in MnCr2O4 nanocomposites. 

Element wt% at% 

Mn 54.81 29.07 

Cr 09.00 05.04 

O 36.19 65.84 

 

The IR spectra of MnCr2O4 nanocomposites are shown in Fig.3. The metal's Mn-O vibration 

frequency at tetrahedral clearance and octahedral clearance are ascribed to two absorption peaks 

at 518 cm-1 and 620 cm-1, respectively[37]. 

 
Fig.3. IR spectrum of the MnCr2O4 nanocomposites 
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The surface morphology and particle size of the as prepared MnCr2O4 nanocomposites 

were further analyzed by FE-SEM. From the FE-SEM images as shown in Fig.4, it was observed 

that the MnCr2O4 nanocomposites were well decorated as homogeneous particles and the 

estimated cluster size was ~ 100 nm. The SEM image of the MnCr2O4 nanocomposites shows 

nanoclusters were sandwich sheets, which is good evidence for the stable electrode operations 

during the conversion reaction. The monotone MnCr2O4 nanocomposites are located as surface 

layers. The suitable interaction between MnCr2O4 nanocomposites and flake-like sheets limits the 

aggregation of crystalline MnCr2O4 nanocomposites [36] 

 
Fig.4. SEM image of MnCr2O4 nanocomposites. 

3.2. Electrochemical behavior of Potassium ferrocyanide at BCPE and MnCr2O4 

nanocomposites/MCPE 

The cyclic voltammetry (CV) response of the MnCr2O4 nanocomposites//MCPE and BCPE 

was studied at freshly prepared 1 mM Potassium ferrocyanide (K4[Fe(CN)6]) in 1 M potassium 

chloride (KCl) solution at the sweep rate 50mVs-1 as shown in Fig.5, directs the CV response of 

MnCr2O4 nanocomposites//MCPE (dashed line) at 1mM  (K4[Fe(CN)6]) shows good response with 

high redox current signal, the redox peak potential appeared at Epa=263mV and Epc=194mV 

respectively. The change in the peak potential (ΔEp= Epa- Epc) of modified electrode is 69mV. 

However, the BCPE (solid line) provides very low redox current signal, with Epa=267mV and 

Epc=190mV as the redox peak potentials, respectively. The change in peak potential difference of 
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BCPE is ΔEp=77mV. The minimization of redox peak potential with enhancement in redox peak 

shows the electrocatalytic behavior of MnCr2O4 nanocomposites/MCPE towards K4[Fe(CN)6]. 

The fabricated MnCr2O4 nanocomposites/MCPE and BCPE were studied at various scan rates [50 

to 500 mVs-1] under identical condition of 1mM potassium ferrocyanide (K4[Fe(CN)6]) in 1 M 

KCl solution as a supporting electrolyte,. The active surface area of electrodes for reversible 

processes can be determined using Randles-equation Sevick's (1) [38-40]. 

Ip = (2.69 × 105) n3/2 A D1/2 C0υ
 ½ ----- (1) 

Where, Ip is the peak current, A is the electroactive surface area (cm2), C0 is the concentration 

of the electroactive species (molcm−3), n is the number of exchanged electrons, D is the diffusion 

coefficient (cm2s−1) and υ is the scan rate (Vs−1). The diffusion controlled mechanism is shown by 

the observed linear relationship of the oxidation peak currents as a function of the square root of 

the scan. The values of A for MnCr2O4 nanocomposites/MCPE and BCPE, respectively, are 0.0460 

cm2 and 0.029 cm2 based on the slope Ipa versus υ ½.  

 
Fig.5. Cyclic voltammograms for 1mM K4[Fe(CN)6] and supporting electrolyte 1M KCl at BCPE 

(solid line) and MnCr2O4 nanocomposites/MCPE (dashed line) with scan rate of 50mVs-1. 3.3. The 

sensor DA 

The  electrochemical  responses  of  10µM  DA  in  0.2  M  phosphate  buffer  solution 

(0.2M PBS)  of  pH  7.4  at  the  BCPE (dashed line)   and  at  the  MnCr2O4 nanocomposites/MCPE 

(solid line)  were  measured  at  a  scan  rate of  50mVs−1. The possible mechanism for DA 

undergoes oxidation to give dopamine ortho semiquinone (Dopamine o-semiquinone) as shown in 

scheme.1.The difference in peak potential for MnCr2O4 nanocomposites/MCPE was 53mV and 

for BCPE was 72mV. The corresponding anodic peak currents were 5.17×10-7 A and 1.11×10-6A 

for the bare CPE and MnCr2O4 nanocomposites/MCPE respectively, has been shown in Fig. 6. 

The result showed MnCr2O4 nanocomposites/MCPE minimizes the over potential with enhancing 
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the redox peak current. This indicated that the MnCr2O4 nanocomposites/MCPE exhibited good 

electrocatalytic activity towards the detection of DA. 

 
Scheme.1. Tentative electrochemical oxidation of DA. 

 

 
Fig.6. CVs of 10µM DA in 0.2M PBS of pH 7.4 at BCPE (dashed line) and MnCr2O4 

nanocomposites/MCPE (solid line) with the scan rate of 50mVs-1. 

3.4 Effect of scan rate 

Fig. 7A shows the result of changing the scan rate for 10µM DA in 0.2 M PBS on MnCr2O4 

nanocomposites/MCPE in the potential range of 0.2 to 0.6V. Over the studied range of 50 to 500 

mVs-1, the anodic peaks increased with a marginal positive shift in the peak potential and showed 

linearity with the scan rate. The slope value for DA was 0.638 for logarithmic anodic peak current 

(logIpa) versus logarithmic of scan rate (logυ) (Fig 7B), which is close to the theoretical value of 

0.5 for diffusion controlled method for MnCr2O4 nanocomposites/MCPE [41]. The plot of anodic 

peak current (Ipa) of DA versus square root of scan rate (υ1/2) is shown in Fig. 7C. With a 
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correlation coefficient (r2) of 0.9903, the resulting graph showed excellent linearity. Using the 

difference in the peak potential (ΔEp) from the experimental data and equation (2) [42, 43], the 

heterogeneous rate constant (k0) values for DA were determined and it shows the increasing the 

scan rate k0 also increases which confirms the electrode process was controlled by diffusion. The 

Difference in redox peak potential (ΔEp) values and the respective values of the k0 for the oxidation 

DA are listed in Table 2 for MnCr2O4 nanocomposites/MCPE. 

ΔEp= 201.39 log (υ /k0) - 301.78   ---------        (2) 

  
Fig.7A. CVs of 10µM DA in 0.2M PBS of pH 7.4 with different scan rates at MnCr2O4 

nanocomposites/MCPE (a-j; 50mVs-1to 500 mVs-1). 

 
Fig.7B. Graph of log Ipa of DA versus log υ. 
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Fig.7C. Graph of Ipa of DA versus υ 1/2. 

Table.2. Determination of the heterogeneous rate constant (k0) values for DA 

υ/mVs-1 ΔEp/mV ko / s-1 

50 57.6 0.8195 

100 59.3 1.6110 

150 60.7 2.3784 

200 61.1 3.1564 

250 63.7 3.8291 

300 66.2 4.4660 

350 69.9 4.9945 

400 73.2 5.4960 

450 74.8 6.0715 

500 77.8 6.5177 

 

3.5. Concentration Effect of DA at MnCr2O4 nanocomposites/MCPE 

The Fig.8A shows the CVs of DA by varying its concentration from a linear dynamic range 

of 10µM to 90µM in 0.2M PBS of pH 7.4 with a scan rate of 50mVs-1at MnCr2O4 

nanocomposites/MCPE in the potential range of -0.2 to 0.6V. The Ipa and Ipc increased linearly 

as the concentration of DA increased. The Ipa and Ipc continue to rise, with Epa shifting to a more 

positive side and Epc to a less negative side. Epa shifted from 283 to 177 mV, while Epc shifted from 

59 to 74 mV. The linearity and correlation co-efficient value of (r2) = 0.9932 is used to plot the 

graph of Ipa versus DA concentration in Fig.8B. The limits of detection (LOD) and quantification 

(LOQ) were 0.63M and 2.1M, respectively. The LOD was calculated according to the equation 
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LOD = KS0/S, where K is a constant related to the confidence level. In accordance with the 

suggestion of the IUPAC, the value of K is 3 at the 99% confidence level, S0 is the standard 

deviation of six blank-solution measurements (no added DA), and S is the slope of the calibration 

graph. The proposed electrode exhibited a relatively lower detection limit than those recently 

reported elsewhere [43-47] (Table 3). 

 
Fig.8A. CVs for different concentrations of DA (a-j; 10µM to 90µM) in 0.2M PBS of pH 7.4 with 

scan rate 50mVs-1at MnCr2O4 nanocomposites/MCPE. 

Electrode Detection 

limit(M) 
Techniques Reference 

SDS/polyglycine/phthalamide/CPE 1.51 DPV [43] 

Banana/MWCNTs/MCPE 2.09 DPV [44] 

LDH/CILE 5.0 DPV [45] 

CTAB/CPE 11.0 DPV [46] 

Metallothioneins self assembled gold 

electrode 

6.0 CV [47] 

MnCr2O4 nanocomposites/MCPE 0.63 CV This Paper 
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Fig.8B.Graph of Ipa versus concentration of DA 

Table 3. Comparison of the detection of different modified electrodes 

 

3.6 pH dependence study of DA at MnCr2O4 nanocomposites/MCPE 

The focus of the CV study was performed to investigate the effect of supporting electrolyte 

towards the electrochemical oxidation of 10µM DA at MnCr2O4 nanocomposites/MCPE. 

Electrochemical analysis was performed in 0.2 M PBS at varied pH (5.8 - 7.4) with the scan rate 

of 50 mVs-1 as shown in Fig.9A. Increasing the pH value from 5.8 to 7.4 causes the Epa of DA to 

shift to the negative side. The potential diagram was generated by plotting a graph of Epa versus 

pH values as shown in Fig.9B. The graph has good linearity with a slope of 67mV/pH, this 

behavior is nearly obeyed the Nernst Equation for transfer of two protons and electrons were 

engaged in the electrochemical reaction of DA [41, 43]. 

 
Fig.9A. Cyclic voltammograms of 10µM DA for variation of pH from 5.8 to 7.4 at 0.2M 

PBS Solution at MnCr2O4 nanocomposites/MCPE, Scan rate: 50mVs-1. 
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Fig.9B. Graph of Epa v/s pH 

3.7. Analytical applications 

The MnCr2O4 nanocomposites/MCPE was applied in the analysis of DA containing 

injection samples. The DA injection sample purchased from sterile specialities India Private Ltd 

with a specified content of DA of 40.0 mg/mL. After a proper dilution, the sample was utilized. 

The injection samples were dilute with 0.2 M PBS. Table 4 summarizes the findings. The recovery 

and R.S.D. were satisfactory, indicating that the suggested approaches may be utilized to detect 

DA in injections with a recovery of 98.50–101.25 %. 

 

Table 4. Detection of DA in injection samples (n = 3) at MnCr2O4 nanocomposites/MCPE 

Sample Content (mg/mL) Found (mg/mL) RSD (%) 
Recovery 

(%) 

1 4.0 3.94 2.2 98.50 

2 4.0 3.97 3.9 99.25 

3 4.0 4.05 2.5 101.25 

 

4. Conclusions 

MnCr2O4 nanocomposites were synthesized by hydrothermal method, in which MnCr2O4 

nanocomposites/MCPE with an average size 100nm was characterized by XRD, EDX, IR and 
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SEM analysis. MnCr2O4 nanocomposites/MCPE was prepared and several kinetic parameters 

were evaluated. The modified electrode exhibits increase in heterogeneous rate constant (k0) with 

increase in scan rate. The electrode process was controlled by diffusion. The low detection limit 

was found to be 0.63 M and compared with previous literatures found. Wide linear range (10 M 

to 90 M), the pH studies revealed that equal number of electrons and protons involved in the 

reaction. The proposed methods has efficiently used for the detection of DA in injections with 

recovery in the range 98.50–101.25%. Hence, MnCr2O4 nanocomposites/MCPE was acting as an 

electrochemical sensor. This work offered a simple and easy approach towards sensitive detection 

of DA and this method was extending to other neurotransmitters. 
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