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Abstract- In this work, Poly (adenine) film modified carbon nanotube paste electrode 
(PAEMCNTPE), prepared by electropolymerization of adenine on a carbon nanotube paste 
electrode, applied for the sensitive and selective analysis of dopamine (DA), Uric acid (UA) 
and Ascorbic acid (AA) based on cyclic voltammetric technique. The polyadenine modified 
carbon nanotube paste electrode has presented with an impressive electrocatalytic activity 
towards oxidation of DA, UA, and AA in the presence of supporting electrolyte, 0.2 M PBS 
pH 6.5. The surface of fabricated sensor displayed with a permselective layer with transducing, 
anti- interfering and anti-fouling properties followed by solving the overlapped peaks of DA, 
AA and UA obtained from the conventional electrode by presenting with distinct three anodic 
peaks. The result of this electrochemical sensor displayed with excellent sensitivity, selectivity, 
reproducibility, repeatability and highly stable. The detection limit for DA was 6.7×10-7 M. 
Further; this fabricated electrode was carried out for the quantification of DA in the real sample.  

Keywords- Carbon nanotube electrode, Polyadenine, Electropolymerization, Dopamine, 
Cyclic Voltammetry 
 
 

1. INTRODUCTION  

DA, is often known as 3, 4-dihydroxyphenethylamine. It's an organic compound belonging 

to the families of catecholamine and plays a crucial role in the brain as well as the body, 

functioning as a neurotransmitter and neuromodulator in the mammalian central nervous 
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system. It plays a major role in the function of suprarenal glands, hormonal, cardiovascular, 

immune system. The abnormal metabolism of DA leads to several diseases like epilepsy [1], 

Parkinson’s disease [2], schizophrenia [3], senile dementia [4], Alzheimer’s [5], HIV infection 

[6], Huntington’s chorea [7]. Therefore, it has drawn major attention to diagnose these diseases 

in clinical by determining the level of DA in extracellular fluid. Much analytical process was 

implemented to analyze dopamine such as High-Performance Liquid Chromatography (HPLC) 

[8], Titrimetry [9], Spectrometry [10], Chromatography [11], Capillary electrophoresis [12], 

Fluorometry [13], electrochemiluminescence [14], Amperometry [15]. UA obtained as an end 

product on the breakdown of purines catabolism in humans and other primates [16]. AA is a 

bioactive compound which is essential for the human body as it plays as a strong antioxidant 

and also required for the synthesis of DA [17]. 

An electrochemical technique is also used and has revolutionized in modern research 

laboratories as it is a good weapon for the study of the mechanism of electrochemical reactions 

(Scheme 1) for sensing and determination of the biological components like DA, AA, and UA 

as all these are an electroactive compound. In conventional electrodes, AA and UA oxidize at 

the closer potential of DA, and hence the signal that obtained in voltammetric was overlapped 

and was a severe problem for the selectivity and reproducibility of the electrode. So, to 

overcome this issue variously modified electrodes have developed for quantification of AA 

and UA in the presence of DA. Currently, Carbon nanotubes (CNTs) have achieved much 

attention for its remarkable electrical, mechanical, optical and chemical properties. Depending 

on its diameter and degree of helicity, CNTs act as either a metal or semiconductor [18]. As an 

electrode, it can deliver electron transfer reactions [19] with brilliant electrical conductivity, 

good mechanical strength, excellent chemical stability, large surface area [20].  

 

 
Scheme 1. Oxidation of DA, AA, and UA 

 

Polymerization has aroused significant attention in modern research, As the conducted 

polymer film has properties like excellent transducing, film thickness and to control charge 
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transfer reaction [21, 22]. Adenine is one of the purine nucleobases of DNA and RNA plays a 

significant role in hereditary, energy transfer in metabolism, coenzymes. As it is a 

biocompatible material [23], it can be carried out to form polyadenine. The polymer modified 

carbon nanotube has advantages like biocompatibility, selectivity, sensitivity, and stability. 

In present work, was carried out by tailoring polyadenine on the surface of carbon nanotube 

electrode PAEMCNTPE through cyclic voltammetry for the quantification of DA in the 

presence of co-existing electroactive species like AA and UA. PAEMCNTPE showed distinct 

three separated anodic peaks of DA, AA and UA and this electrode has employed for the real 

sample analysis. 

 

2. MATERIALS AND METHODS 

2.1. Instrumentation 

Cyclic voltammetry was conducted with an electroanalyzer model EA-201 (Chemilink 

system, Mumbai, India) connected to the personal desktop for control and storage of data. All 

electrochemical process was carried out with Standard three-electrode cell. Bare Carbon 

Nanotube paste electrode or polyadenine modified carbon nanotube paste electrode employed 

as a working electrode, the platinum electrode used as an auxiliary electrode and an aqueous 

saturated calomel electrode served as the reference electrode.  

 

2.2. Chemicals and Reagents 

Dopamine hydrochloride (DA) was purchased from Sigma Aldrich, Uric acid and Silicon 

oil from Nice Company, Cochin, Kerala, India, L-Ascorbic acid and Adenine from Molychem, 

Mumbai, India and Multiwalled Carbon Nanotube (CNT) with length 10-30 µm and OD with 

30-50 nm, from Sisco research laboratory Pvt. Ltd., Maharashtra, India. Remaining chemicals 

were of analytical grade and used without further purification. 25×10-4 M DA, 25×10-3 M AA, 

and 25×10-4 M adenine stock solution prepared in distilled water, 25×10-4 M UA stock solution 

prepared by dissolving 0. 01 M NaOH solution. We also used 0. 2 M Phosphate buffer solutions 

(PBS) with pH 6.5 adjusted with 0. 2 M disodium phosphate and 0. 2 M monosodium phosphate 

as a supporting electrolyte.  

 

2.3. Fabrication of PAEMCNTPE 

CNT was mixed with silicon oil with the proportion of 60:40 (w/w) thoroughly in an agate 

mortar until attaining the homogeneous paste. The obtained paste further tightly packed into 

the cavity of Teflon tube (3 mm in diameter), and finally, this BCNTPE was carried out in the 

solution containing 1×10-4 M adenine solution and 0.2 M PBS solution of pH 6.5. Polyadenine 

film formed by electropolymerization of adenine by cyclic voltammetry drives in the potential 

range between 0 to 1600 mV at the sweep rate of 100 mV/s for five cycles (Fig. 1). This 
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modified electrode rinsed with distilled water to eradicate the unreacted residue of adenine and 

used for the determination of DA, UA, and AA. 

 

 
 

Fig. 1. Cyclic Voltammogram of fabrication of polyadenine film on CNTPE, 1×10-4 M adenine 

for five cycles at scan rate 100 mV s-1 

 

3. RESULTS AND DISCUSSION 

3.1. Characterization of BCNTPE and PAEMCNTPE 

The surface morphology examined by using Field Emission Scanning Electron Microscope 

(FESEM) for BCNTPE and PAEMCNTPE. By comparing the outlook of the surface of 

BCNTPE (a) and PAEMCNTPE (b) in Fig. 2, it is visible that there is a difference in the 

arrangement on the surface, where at the BCNTPE shows the uniform thick film of carbon on 

electrode surface but at the PAEMCNTPE shows the porous and dense formation of spongy 

like structure with highly bumpiness signifying high surface area. Resulting in the electrode 

fabricated with PAE tends to enhance the electrocatalytic performance. 

 

 

    
                                     (a)                                                                  (b) 

Fig. 2. The outlook of the FESEM images of the surface of (a) BCNTPE and (b) PAEMCNTPE 
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3.2. Electrochemical interaction of PAEMCNTPE film with Potassium Ferrocyanide 

Investigating the electrocatalytic activity of PAEMCNTPE, the CV employed in following 

electrochemical redox probe, i.e., 1×10-3 M of Potassium Ferrocyanide solution in 1 M KCl as 

a supporting electrolyte. In Fig. 3 the electrochemical response of K4[Fe(CN)6] was observed 

to be poor in BCNTPE (solid line) with low anodic peak current, Ipa and cathodic peak current, 

Ipc. After the fabrication of PAEMCNTPE (dashed lines), it was found to be that there was a 

significant enhancement of Ipa and Ipc showed excellent electrocatalytic activity. Meanwhile, at 

BCNTPE it was found that at anodic potential was to be 230 mV and cathodic potential was 

148 mV, and that of PAEMCNTPE the anodic potential was to be 219 mV and cathodic 

potential was 156 mV. The redox potential difference obtained at PAEMCNTPE (63 mV) was 

less compared to that of BCNTPE (82 mV), This attributes the modified electrode to have a 

greater electrochemical response. The ratio of Ipa/Ipc for BCNTPE was observed to be 1.36 and 

for PAEMCNTPE was perceived to be 0.97, This shows that the ratio of Ipa/Ipc was found to be 

unity in both the case which ascribes that they exhibit reversible behavior.  

 

 
Fig. 3. Cyclic Voltammogram of 1×10-3 M of K4[Fe(CN)6] in 1 M KCl at the BCNTPE  

(solid line) and the PAEMCNTPE (dashed line) 

 

3.3. Electrocatalytic Oxidation of Dopamine on the surface of PAEMCNTPE 

To Illustrate, the electrochemical response of PAEMCNTPE on oxidation of DA; the cyclic 

voltammograms recorded in the absence and presence of 0.1 mM DA portrayed in Fig. 4a. It 

was noticed that there was no signal in the absence of DA (blank) that is the curve (a), but there 

was an enhanced anodic and cathodic peak current in the presence of DA that is the curve (b).  

Fig. 4b shows the electrocatalytic activity of 1×10-4 M DA on the surface of PAEMCNTPE 

(dashed line) and the BCNTPE (solid line) with supporting electrolyte of 0.2 M PBS solution 

at pH 6.5 was recorded in cyclic voltammetry at the potential window of -200 mV to 800 mV 

at the sweep rate of 100 mV s-1. At BCNTPE, DA exhibited a pair of redox peaks which 

signifies the electrocatalytic oxidation of DA, but the response was poor with the anodic peak 

potential Epa of 202 mV and cathodic peak potential Epc of 89 mV. The redox potential was 
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found to be 113 mV. The anodic peak current Ipa and cathodic peak current Ipc was found to be 

1.9 µA and 0.9 µA, and the ratio of redox peak current (Ipa/Ipc) was 2.1, which shows the 

property of quasi-reversible electrode process [24]. At PAEMCNTPE, the anodic peak 

potential was 182 mV, and cathodic peak potential was 117 mV. The redox peak potential was 

observed to be 65 mV. The anodic peak current and cathodic peak current was observed to be 

32.8 µA and 26.5 µA. The ratio of redox peak current was (Ipa /Ipc) was 1.23, which shows the 

property of reversible electron transfer with the great enhancement of peak currents provided 

the evidence for the ability of the surface of PAEMCNTPE having large surface area possessed 

higher electrocatalytic oxidation of dopamine. By considering the following Laviron equation 

[25],  

𝑙𝑜𝑔𝐾 = 𝛼𝑙𝑜𝑔(1 − 𝛼) + (1 − 𝛼)𝑙𝑜𝑔𝛼 − 𝑙𝑜𝑔
𝑅𝑇

𝑛𝐹
− 𝛼(1 − 𝛼)

𝑛𝐹∆𝐸

2.3𝑅𝑇
 

the values of the charge transfer coefficient (α) of dopamine were 0.5, and no. of electrons was 

2 and the standard rate constant obtained was 2.73 s-1.  

 

  
                                      (a)                                                            (b) 

Fig. 4. (a) Cyclic Voltammogram of PAEMCNTPE with absence of 0.1 mM DA in 0.2 M PBS 

at pH 6.5, blank (curve (a)) and presence of 0.1 mM DA in 0.2 M PBS at pH 6.5 (curve (b)); 

(b) Cyclic Voltammogram of 1×10-4 M DA in 0.2 M PBS of pH 6.5 at the BCNTPE (solid line) 

and at the PAEMCNTPE (dashed line) 

 

3.4. Impact of Scan rate on oxidation of Dopamine  

CV was employed to determine the impact of scan rate on electrocatalytic oxidation of DA. 

As shown in Fig. 5a, the anodic peak current of 0.1 mM of DA on PAEMCNTPE recorded by 

varying scan rates from 100 - 225 mVs-1. It was observed that upon increasing the scan rate, 

the anodic peak current was also gradually increased (altered to positive). In Fig. 5b, the plot 

of anodic peak current versus Scan rates at the range of 100-225 mVs-1 exhibited linear 

relationship, and the linear regression equation was Ipa(µA)=-34.8533+1.19729 mV s-1 with a 

correlation coefficient of 0.9962, Furthermore, in Fig. 5c, the plot of log(Ipa) versus log v also 

displayed linearity with correlation coefficient 0.99 and the linear equation obtained was log 

(Ipa)=0.836 log v+0.368, the slope obtained was 0.836 which was closer to theoretical value 

one for adsorption controlled phenomenon [26]. Therefore, these results confirm that the  
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quasi-reversible oxidation process of DA on the surface of PAEMCNTPE was controlled by 

adsorption process.  

 

     
                                           (a)                                                           (b) 

 

 
(c) 

Fig. 5. (a) Cyclic Voltammogram observed for variation of sweep rates for 0.1 mM DA in 0.2 

M PBS of pH 6.5 at PAEMCNTPE. (b) The graph plotted between anodic peak current of 0.1 

mM DA versus Scan rate (mV s-1). (c) Plot of log of anodic peak current of 0.1 mM DA versus 

log of Scan rate 

 

3.5. Impact of pH on DA Solution  

The impact of different pH solutions on the PAEMCNTPE on the response of dopamine 

recorded in CV shown in the Fig. 6a. It was observed that, as the pH increased the anodic peak 

current was shifted towards negative which ascribes that the protons have participated in the 

electrode reaction process. In Fig. 6b, apparently, it's visible at 6.5 pH shows maximum anodic 

peak current which used for further determination of electrochemical reactions. From Fig. 6c, 

the plot of Epa shows the linear relationship with pH with the linear regression equation for DA 

was 596.8-64.4 pH (r=0.989). The slope obtained was 64.4 mV per pH which was closer to the 

theoretical value 58.5 mV/pH, this manifested as the number of proton transfer is equal to the 
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number of electron transfer [27]. Therefore, the oxidation of DA is two electrons and two 

protons transfer process. 

 

        
                                                    (a)                                                (b) 

 

 
(c) 

Fig. 6. (a) Cyclic Voltammogram observed for impact of different pH on 0.1 mM DA with 

background electrolyte 0.2 M PBS at PAEMCNTPE with sweep rate 100 mV s-1; (b) The graph 

plotted between anodic peak current with pH; (c) Plot of anodic peak potential versus pH 

 

3.6. Impact of Concentration of DA at PAEMCNTPE  

Fig. 7 illustrates the impact of Concentration variation of DA at the surface of 

PAEMCNTPE. The concentration of DA from 2×10-5 M to 1.9×10-4 M showed two linear 

relations with anodic current, Ipa. The equation that considered is Ipa=1.827×10-5+0.28 C with 

the linear regression coefficient of 0.9873. In higher concentrations the divergence from the 

linearity was observed this is due to the adsorption of DA or the oxidation product of DA on 

the electrode surface [28]. The detection limit (LOD) and Quantification limit (LOQ) was 

calculated using the formula as follows [29, 30], LOD=3Sb/M and LOQ=10Sb/M, where Sb is 

the Standard deviation obtained from the blank and M is termed as the slope of the graph of Ipa 

versus Concentration of DA and was found to be 6.7×10-7 and 22.5×10-7 and hence this reveals 

the PAEMCNTPE electrode has a low detection limit with higher selectivity and sensitivity. 

Further, it was compared with various electrodes for the detection of DA as shown in Table 1. 
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Fig. 7. Plot of anodic peak current versus concentration of dopamine from the range of 

2×10-5 M to 1.9×10-4 M 

 

Table.1. Comparison of PAEMCNTPE with the few previously reported modified electrodes 

for the detection of DA 

 

Modified Electrode Detection Limit (µM) Method Ref. 

Rhodamine B/CPE 3.99 DPV [31] 

α-cyclodextrine incorporated CNT / PGE 1.0 DPV [32] 

Poly (p-toluene sulphonic acid) glassy 

carbon electrode 

1.0 CV [33] 

2-amino-5-mercapto- [1,3,4] triazole 

modified gold electrode. 

0.8 OSWV [34] 

Hydrogenated Carbon Cylinder 

Electrode.  

0.75 CV [35] 

PAEMCNTPE 0.67 CV This Work 

 OSWV- Osteryoung Square-Wave Voltammetry, DPV- Differential Pulse Voltammetry,  
 CPE - Carbon paste electrode, CNT- Carbon nanotube, PGE- Pyrolytic Graphite Electrode  

 

3.7. Stability, Repeatability, and Reproducibility on PAEMCNTPE 

The stability of the fabricated film was examined in cyclic voltammetry of anodic peak 

currents by continuous 40 cycles at pH 6.5 PBS. The percentage degradation was calculated 

for the fabricated film by the following equation [36, 37]: 

% degradation =
I

I
 × 100 

The percentage degradation obtained was equal to 1.01 which indicates that the modified 

electrode is highly stable. Repeatability and reproducibility of the modified electrode also 
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recorded in CV. The Standard deviation (RSD) obtained from repeatability for five successive 

measurements of PAEMCNTPE were 3.6%, and that of reproducibility was 4.1%. 

 

3.8. Electrochemical Response of Ascorbic acid at the surface of PAEMCNTPE 

The behavior of 4×10-3 M Ascorbic acid with the supporting electrolyte PBS of pH 6.5 at 

the surface of PAEMCNTPE in cyclic voltammetry was studied in Fig. 8. The BCNTPE (solid 

line) shows the broad peak at 252 mV, but the response of electrocatalytic oxidation of AA 

was higher for the PAEMCNTPE (dashed lines) which recorded at -76 mV at the scan rate of 

100 mV s-1 shown in Fig. 8a.  

 

         
                                      (a)                                                            (b) 

 
(c) 

Fig. 8. (a) Cyclic Voltammogram obtained for 4×10-3 M of AA in 0.2 M PBS (pH 6.5) at the 

BCNTPE (solid line) and the PAEMCNTPE (dashed line); (b) Cyclic Voltammogram observed 

for variation of scan rates for AA at PAEMCNTPE. (c) Plot of anodic peak current of 4 mM 

AA with supporting electrolyte of 0.2 M PBS at pH 6.5 versus scan rate (mV s-1) 

 

Further in Fig. 8b, shows the effect of different scan rates on electrocatalytic oxidation of AA 

studied in CV the anodic peak current altered towards positive with an increase in scan rate. In 

Fig. 8c, the plot of anodic peak current shows a linear relationship with growth in scan rate. 
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The linear regression equation was Ipa (µA)=10.11238+0.70126 mV s-1 with a correlation 

coefficient of 0.9999 [38].  

 

3.9. Electrochemical performance of Uric acid at the surface of PAEMCNTPE 

To examine the electrochemical performance of 0.1 mM UA at the surface of 

PAEMCNTPE was carried out in cyclic voltammetry. In Fig. 9a, depicts the BCNTPE (solid 

line) and PAEMCNTPE (dashed line) response on oxidation of uric acid, it was noted that the 

sensor exhibited was only anodic peak at the supporting electrolyte pH 6.5 PBS at the scan rate 

of 100 mV s-1 with the potential window -200 to 800 mV, which clarifies the electrochemical 

oxidation of UA is an irreversible process.  .  

 

 
                                                  (a)                                                (b) 

 

 
(c) 

 

Fig. 9. (a) Cyclic Voltammogram observed for 1×10-4 M of UA in 0.2 M PBS (pH 6.5) at the 

BCNTPE (solid line) and the PAEMCNTPE (dashed line); (b) Plot of anodic peak current of 

0.1 mM UA with supporting electrolyte of 0.2 M PBS at pH 6.5 versus scan rate; (c) Cyclic 

Voltammogram observed for variation of scan rates for 0.1 mM UA in 0.2 M PBS (pH 6.5) at 

PAEMCNTPE 

 

The anodic peak potential obtained for BCNTPE was 292 mV and for PAEMCNTPE was 264 

mV. The anodic peak current for BCNTPE was found to be -2.7 µA which was poor compared 

to the anodic peak current response from PAEMCNTPE, was found to be -80 µA, this confirms 
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that PAE wrapped CNTPE surface is impressive to catalyze the oxidation of uric acid and the 

rate of electron transfer of UA is faster. In Fig. 9b, the plot of anodic peak current shows a 

linear relationship with the increase in scan rate followed with the linear regression equation, 

Ipa (µA) = 13.5857+0.64286 mV s-1 with a correlation coefficient of 0.9999 and moreover the 

anodic peak current shifted towards positive with an increase in scan rate was observed in Fig. 

9c. By plotting Ep versus ln v, the slope observed was 0.02445. Therefore, the no. of electrons 

obtained as 2.1 from the following Laviron equation [39-41]: 

 

𝐸 (𝑉) = 𝐸 +
𝑅𝑇

𝛼𝑛𝐹
𝑙𝑛

𝑅𝑇𝐾

𝛼𝑛𝐹
+

𝑅𝑇

𝛼𝑛𝐹
𝑙𝑛 

 

3.10. Simultaneous determination of DA, AA, and UA at PAEMCNTPE 

DA, UA and high concentration of AA co-occur in the extra-cellular fluid of the central 

nervous system and serum; however, the AA and UA oxidize at the potential closer to that of 

DA at the surface of most of the solid electrodes and the cyclic voltammetric response was 

found to be broad peak at 238 mV and overlapped. Besides, this was tedious to analyze these 

electroactive species separately, and shown in Fig. 10a. After the electrode was modified and 

conducted in a CV and was observed to have three well-separated anodic peak potentials of -

108 mV, 114 mV and 247 mV for corresponding AA, DA and UA in Fig. 10b. The 

PAEMCNTPE has overcame from the problem of overlapping voltammetric peaks and 

succeeded in analyzing DA, AA, and UA. The reason was the surface of the biosensor delivered 

permselective with anti-interference characteristics. PAEMCNTPE shows differently in 

electrochemical oxidation on AA, DA, and UA where anodic peak potentials differ from each 

other.  

 

 
Fig. 10. Cyclic Voltammogram exhibited for electrochemical oxidation of DA, AA and UA (a) 

at BCNTPE; (b) At PAEMCNTPE 

 

As the AA anion and UA anion come in contact with the negatively charged possessed by the 

surface of the PAEMCNTPE in 6.5 pH PBS shows electrostatic repulsion which tends to block 
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the electron transfer and shifts the potential, whereas Dopamine cation electrostatically 

attracted on the surface of the negatively charged electrode promoted electrons to move on to 

the surface of PAEMCNTPE. Therefore, the anodic peak of DA was separated from AA and 

UA and overcame with the issue of overlapping voltammetric signals.  

 

3.11. Analysis of DA in Dopamine Injection 

To verify the reliability of the proposed work was done by applying PAEMCNTPE for the 

study of 40 mg dopamine hydrochloride injection. After the required dilution, the sample was 

used. The analytical results were obtained and displayed in Table 2, with the recovery rate for 

DA in the range of 99.2% to 102.6% for three trials and the relative standard deviation for three 

trials was found to be in the range of 1.0% to 1.8%. The result implies that the proposed 

biosensor can apply for the quantification of DA.  

 

Table 2. Analysis of DA in Dopamine Injection 

 

Sl. No. Added (µM) Found (µM) RSD (%) Recovery (%) 

1. 92.4 91.66 1.8 99.2 

2. 100.8 102.41 1.0 101.6 

3. 109.2 112.03 1.4 102.6 

 

4. CONCLUSION 

The biosensor that is formed by electropolymerization of adenine on the surface of CNTPE 

displayed most effective on electrocatalytic activity towards analysis of DA, AA, and UA in 

the mixture and the performance of the fabricated electrode resolved the overlapping signals 

of these three analytes. PAEMCNTPE displayed with excellent transducing characteristics. 

The biosensor exhibited was with superior sensitivity, selectivity, the rapid rate of electron 

transfer, low detection limit, good reproducibility, repeatability. It was observed to be highly 

stable and absent of electrode fouling. Therefore, PAEMCNTPE can apply for further clinical 

studies. 
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