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Electrochemical response of dopamine at alizarin modified carbon paste electrode has been studied by 

cyclic voltammetric technique in 0.1M acetate buffer solution at pH 7.0. The modified electrode 

exhibited strong promoting effect and stability towards the detection of dopamine. From the studies of 

scan rate effect the overall electrode process was found to be both adsorption and diffusion controlled. 

The concentration effect reveals that the detection limit of dopamine was 2.37 x 10
-7 

M and pH effect 

suggested that equal number of protons and electrons were involved in the electrochemical oxidation 

of dopamine. Alizarin modified carbon paste electrode showed excellent electrocatalytic effect towards 

the detection of dopamine. 
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1. INTRODUCTION 

Electrochemical sensors for neurotransmitter determination have attracted a great deal of 

interest due to their analytical performances, such as low detection limits, wide linear response range, 

good stability and reproducibility. The use of bare electrodes has revealed some drawbacks because of 

the electrode surface fouling with insulating polymer films or by-products resulting from phenol 

derivatives oxidation or reduction. Modifying the surface with inorganic or organic coatings has 

eliminated these drawbacks and allowed the preparation of stable and selective new electrochemical 

sensors. Inorganic coatings consisting of transition metal hexacyanoferrates, such as Prussian blue [PB, 

ferric ferrocyanide (Fe4 III[FeII(CN)6]3)], have been used in the  reparation of electrochemical 

sensors, as well as of amperometric biosensors [1–4]. On the other hand, conducting polymers such as 

polypyrrole, polyaniline, polythiophene, polyazulene, and their derivatives have been also used for the 
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construction of electrochemical sensors based on modified electrodes. Thin polymer films of azulene 

and its derivatives showed good electrochemical stability, electrocatalytic activity and conductivity [5–

10]. The preparation of hybrid inorganic–organic coatings capable of fast bulk and interfacial electron 

transfer is a method of choice for analytical devices construction. Recently, hybrid inorganic–organic 

coatings containing transition metal hexacyanoferrates and conducting polymers have been prepared as 

bilayer structures on electrode surfaces [11,12]. It has been demonstrated that the inorganic compound 

acts as a redox mediator, while the organic component plays the role of a stable matrix or a 

permselective membrane. By this approach, most stable, highly conducting, and selective coatings can 

be easily deposited onto electrode surfaces. 

Dopamine (DA), the most significant among the class of catecholamines, plays an important 

role in the function of the central nervous, cardiovascular, renal and hormonal systems [11-13]. The 

determination of DA is a subject of great importance for investigating its physiological functions and 

diagnosing nervous diseases resulting from DA abnormal metabolism, such as epilepsy, senile 

dementia, Parkinsonism, schizophrenia and HIV infection [14-19]. DA  is an important 

neurotransmitter that plays a well-defined role in the function of central nervous, cardiovascular, renal 

and hormonal system. Due to the coexistence of many interfering compounds the determination of DA 

is not so easy. Thus, selectivity and sensitivity are important in the development of new analytical 

methodologies for DA quantification [20–22].  

Because of the simple preparation and easy renewal of the surface, carbon has been used 

extensively as a working electrode for a variety of electrochemical applications. It has also been shown 

that carbon tends to be more compatible with biological tissues than other commonly used electrode 

materials [23,24]. Among the carbon electrodes, the carbon paste electrode (CPE) is of particular 

importance. The ease and speed of preparation and of obtaining a new reproducible surface, the low 

residual current, porous surface and low cost are some advantages of CPEs over all other carbon 

electrodes. Therefore, the CPE can provide a suitable electrode substrate for preparation of modified 

electrodes. 

As a part of our research work on the development of modified electrodes, we extended our 

work on the detection of dopamine [25-31]. In the present work the modifier chosen for investigation 

of DA was alizarin. The construction of new electrodes modified with alizarin a commercial dye is 

reported. The electrochemical properties of these modified electrodes and their responses towards DA 

have been investigated by using cyclic voltammetry. 

 

 

 

Scheme 1. Structure of Alizarin. 
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Alizarin is an orange-red compound having molecular formula C14H8O4. The compound is a 

derivative of anthraquinone, with hydroxyl groups substituted at the 1 and 2 positions (Scheme.1). It is 

an important dyestuff producing red or violet lakes with metal hydroxide. AZ occurs naturally as the 

glucoside in madder plant (Rubia tinctorum). It comes under mordant vegetable dye, as the name 

suggests that these dyes require a mordant [32]. 

 

 

 

2. EXPERIMENTAL PART 

2.1. Reagents and chemicals 

Alizarin (AZ) and Dopamine (DA) were obtained from Himedia chemical company and of 

analytical grade used without further purification. 25 mM DA stock solution was prepared in 0.1 M 

perchloric acid. Graphite powder of 50mm size was purchased from Loba and silicon oil was 

purchased from Himedia.The acetate buffer (0.1 M pH 7.0) was used as optimum measurments. 

Sodium hydroxide and acetic acid were used for increasing and decreasing the pH of the buffer. The 

water used in all the measurements was double distilled. 

 

2.2 Apparatus 

Cyclic voltammetry (CV) was performed in a model EA-201 Electroanalyser (EA-201 

Chemilink system). All experiments were carried out in a conventional electrochemical cell. The 

electrode system contained a carbon paste working electrode (3.0mm in diameter), a platinum wire as 

counter electrode and saturated calomel as reference electrode.  

 

2.3. Preparation of bare carbon paste electrode(BCPE) and alizarin modified carbon paste electrode 

(AZMCPE) 

The carbon paste electrode was prepared as fallows, 70% graphite powder and 30% silicone oil 

were mixed by hand about 45 minutes  to produce a homogeneous bare carbon paste electrode (BCPE). 

The paste was then packed into the cavity of a homemade carbon paste electrode and smoothed on a 

weighing paper. The alizarin modified carbon paste electrode (AZMCPE) was prepared by grinding 

different amount of AZ in milligrams along with 70% graphite powder and 30% silicone oil.  

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Effect of AZ as a modifier towards the detection of dopamine 

AZ is a derivative of anthraquinone mordant vegetable dye used as a modifier in the 

preparation of AZMCPE. The characterization of AZMCPE was investigated by using cyclic 
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voltammetric technique. AZMCPE was prepared of different ratio by adding different amounts of AZ 

in milligrams. By increasing the amount of AZ from 0.5 mg to 1.5 mg in the carbon paste electrode, 

the electrochemical redox peak current of 50 µM DA goes on increasing in 0.2M acetate buffer as 

supporting electrolyte. Further  increase of AZ the current signal of DA decreases. 

  

 
 

Figure 1. Effect of concentration of AZ on anodic peak current in 50µM DA and 0.2M acetate buffer 

solution Scan Rate: 100mVs
-1 

 

The graph of anodic peak current vs. different amount of AZ in carbon paste electrode was 

plotted and shown in Fig.1. Maximum current signal was noticed in 1.5 mg AZMCPE, so we have 

chosen 1.5 mg AZMCPE as optimum for the study of all other parameters. 

 

3.2. Electrochemical response of DA at AZMCPE 

Fig.2 shows the cyclic voltamogramms of 50 µM DA at BCPE and AZMCPE in 0.2 M acetate 

buffer solution at pH 7 and scan rate 100mV/s. At the BCPE the cyclic voltammogram of DA (dotted 

line) shows an oxidation peak potential at 155 mV and reduction peak potential at 100 mV with low 

current signals. The electrochemical response of DA at AZMCPE showed a well defined redox wave 

of DA with strong increase of the redox peak current (solid line). The oxidation peak potential occurs 

at 162 mV and reduction peak potential at 104 mV respectively, with the peak potential separation 

(Ep) 58 mV. The value of ipa /ipc was about 1.15, and negligible shift in the redox peak potentials, 

shows the characteristics of the reversible natured voltammogram. The modified electrode exhibited 

strong promoting effect and high stability towards the electrochemical oxidation of DA. It was 

observed that the peak currents enhanced at the AZMCPE, which provides more evidence for asserting 

that the AZ in the CPE possessed high electrocatalytic activity towards the DA detection. 
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Figure 2. Cyclic voltammogram of BCPE (dotted line) and AZMCPE (Solid line) in the  presence of 

50µM DA and 0.2M acetate buffer, in pH 7.0
 
 Scan Rate: 100mVs

-1 

 

3.3. Effect of scan rate 

According to Randles-sevick’s equation the scan rate is directly proportional to peak current. 

The AZMCPE showed increase in the peak current with increase in scan rate (100mV/s to 400mV/s) 

for 50 µM DA in 0.2 M acetate buffer solution at pH 7.0.  

 

 

 

Figure 3(a). Cyclic voltammograms of different scan rate in the presence of 50µM DA and   0.2M 

acetate buffer, in pH 7.0  Scan Rate: 100mVs
-1

-400 mVs
-1 

 

Cyclic voltammogram of DA at AZMCPE surface was shown in Fig.3a. The graph of current 

anodic peak current (ipa) vs. scan rate (υ) and square root of scan rate (υ
1/2

) were plotted. The graph 

obtained were nearly straight lines shown in Fig.3b.and Fig.3c. In the range from 100 mV/s to 400 

mV/s the anodic peak currents were proportional to the scan rate (υ) and also the to the square root of 
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scan rate (υ
1/2

) with correlation coefficient 0.9980 and 0.9979 for ipa vs. υ and ipa vs. υ
1/2

 respectively.
 

This indicates that, the electrode transfer reaction was both adsorption controlled and diffusion 

controlled.  

 

 
 

Figure 3(b). Effect of variation of square root of scan rate on the anodic peak current of 50µM DA in 

0.2M acetate buffer, at pH 7.0, Scan Rate: 100mVs
-1

-400 mVs
-1 

 

 
 

Figure 3(c). Effect of variation of scan rate on the anodic peak current of 50µM DA in 0.2M              

acetate buffer, at pH 7.0 

 

3.4. Effect of Concentration of DA 

According to electrochemical response, the redox peak current increased with increasing the 

concentration of analyte. Concentration of DA was increased from 50 µM to 500 µM as shown in 

Fig.4a and the plot of anodic peak current against concentration of DA shown a linear relationship 

between the ipa in the range 50µM to 500µM as shown in Fig.4b[33-38]. The detection limit of DA 
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was calculated by using the formula (1) [39, 40] and it was found to be  2.37 x 10
-7 

M. 

 

LOD = 3S/M   (1) 

 

 
 

Figure 4(a). Cyclic voltammogram of variation of concentration of DA from 50µM-500µM in 

presence of acetate buffer solution at pH 7.0 

 

 
 

Figure 4(b).  Effect of variation of concentration of DA on the anodic peak current of 50µM DA in 

acetate buffer solution at pH 7.0, Scan rate: 100mVs
-1

 

 

 3.5. Effect of pH
 

Fig.5a. shows the effect of pH on the electrocatalytic oxidation of DA at AZMCPE. The anodic 

peak current was increased with increasing pH from 3.0 to 7.0 and then decreased for higher pH 

values. The better sensitivity and shape of the voltammogram was observed at pH 7.0 suggested it as 
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optimal pH value. The graph of anodic peak potential vs pH was plotted (Fig.5b). The graph shows the 

linear relationship between the anodic peak potential and pH with the slope value 65 mV suggested 

that equal number of protons and electrons were involved in the electrochemical oxidation of DA [41, 

28]. 

 

 
 

Figure 5(a). Effect of variation of pH on the anodic peak current of 50µM DA in acetate buffer 

solution at AZMCPE. 

 

 
 

Figure 5(b) Effect of variation of pH on the anodic peak potential of 50µM DA acetate buffer solution 

at AZMCPE 

 

 

 

4. CONCLUSION 

In the present work, the AZMCPE was acting as a good sensor for the detection of DA. The 

modified electrode has been able to show high sensitivity for voltammetric detection of DA. The 
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detection limit of DA was found to be 2.37 x 10
-7 

M.  With its low cost, high sensitivity and very easy 

preparation of the modified electrode and the reproducibility of the voltammetric response make the 

prepared modified system very useful in the construction of simple devices for the determination of 

DA in clinical and pharmaceutical preparations. 
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