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A carbon paste electrode modified with DL-alanine was investigated. The poly (alanine) modified 
carbon paste electrode (MCPE) showed excellent electrocatalytic effect on the oxidation of dopamine 
(DA) and ascorbic acid (AA). Favourable electrostatic interaction between negatively charged poly 
(alanine) film and cationic species of DA or anionic species of AA may mainly contribute to the 
response of DA and AA at this electrode. The anodic peaks of AA and DA were separated at about 204 
mV at the poly (alanine) MCPE. Thus DA and AAcan be determined. 
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1. INTRODUCTION 

Polymer modified electrodes (PMEs) have received great attention in recent years, as the 
polymer film have good stability, reproducibility, more active sites, homogeneity in electrochemical 
deposition and strong adherence to the electrode surface [1,2]. Electropolymerisation is a good 
approach to immobilize polymers to prepare PMEs. Carbon based electrodes have been used. Among 
them, glassy carbon electrodes (GCEs) have been widely used compared to metal electrodes due to its 
biocompatibility, having low residual current over a wide range and having minimal chances to show 
deteriorated response as a result of electrode fouling [3-5]. 

Dopamine (DA) and ascorbic acid (AA) are compounds of great biomedical and neurochemical 
interest playing a potential role in human metabolism. DA is one of the most significant 
catecholamine, functioning as a neurotransmitter in the central nervous system and a medicament to 
drug addiction and Parkinson’s disease [6,7]. AA has been used in the prevention and treatment of 
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common cold, mental illness, cancer and Aids [8]. In mammalian brain DA and AA coexists in the 
extracellular fluids. Thus the simultaneous determination of DA and AA is of critical importance in the 
field of biochemistry and medical treatment. Among various determination methods includes 
ultraviolet spectroscopy (UV) [9,10],  high performance liquid chromatography (HPLC) [11,12] and 
capillary electrophoresis (CE) [13]. Electrochemical approaches [14-16] have obtained considerable 
attention for their high sensitivity and selectivity, especially for the in-vivo detection of 
neurotransmitter. However the problem associated with this approach is mutual interferences between 
DA and AA at bare electrode. This is because DA and AA are oxidized at near same potential at this 
electrode, which results in an overlapped voltammetric response. It is thus impossible to discriminate 
DA from AA by the electrochemical method at a bare electrode. Most studies contribute to the 
determination of DA by eliminating the interference of AA. A permselective film or composite, such 
as nafion [14,15] stearic acid [16,17] calix compound [18] guaiacol derivatives [19]  zeolite [20] and 
clay [21,22]. Another alternative is to determine DA by separating the DA oxidative potential response 
from that of AA by using carbon nanotubes [23] pyrimidine compounds [24] ferrocene derivatives [25] 
and polycatechol sulfonephthalein [26]. Besides the above, fast cyclic voltammetry [27,28] has been 
used in the determination of DA by suppressing the oxidative current response of AA. A recessed 
microdisk [29] and a powder microelectrode [30] have been successively employed in separation 
between the redox potentials of DA and AA. In addition there were reports of using sulfosalicylic acid 
[31] amino benzoic acid [32] pyrolle [33] L-methionine [34] toluidine blue [35] as monomer to 
fabricate a modified electrode for the simultaneous determination of DA and AA. As part of our study 
on the development of new electrochemical sensors for the determination of DA and AA [36-38]. The 
present work describes an electropolymerisation film of DL-alanine on the surface of carbon paste 
electrode by cyclic Voltammetric technique. On the basis of its different electrochemical behaviour the 
poly (alanine) MCPE enhanced the redox peak current of DA at its low concentration in the presence 
of high concentration of AA. The separation of the oxidation peak potential of DA and AA was 204 
mV by cyclic voltammetry. Thus the present study provides a novel method for selective and sensitive 
detection of DA in the presence of AA, which has a significant attraction in biological and chemical 
fields. 

 
 
 
2. EXPERIMENTAL PART 

2.1. Reagents 

Dopamine hydrochloride, ascorbic acid, DL-alanine was obtained from Himedia chemical 
company and were used as received. All other chemicals were of analytical grade. The acetate buffer 
solution (ABS) was prepared by mixing standard stock solutions of 0.2 M CH3COOH and CH3COONa 
and adjusting the pH with 0.2 M CH3COOH or 0.2 M NaOH. Freshly prepared solutions of DA, and 
AA were used in all experiments. All the aqueous solutions were prepared using double distilled water. 
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2.2. Apparatus 

Voltammetric measurements were performed with EA-201 Electro Analyser Chemilink 
systems controlled by a personal computer. A conventional three electrode cell was used with a 
saturated calomel electrode (SCE) as a reference, a platinum wire counter electrode and a bare or poly 
(alanine) modified electrode as working electrode. The pH values were measured with a digital pH 
meter MK VI (systronics). 
 

2.3. Preparation of bare carbon paste electrode 

The bare CPE was prepared by hand mixing of graphite powder and silicon oil at a ratio 70:30 
(w/w) in an agate mortar until a homogenous paste was obtained. The paste was then tightly packed 
into a PVC tube (3mm internal diameter) and the electrical contact was provided by a copper wire 
connected to the end of the tube.   
 

2.4. Preparation of poly (alanine) modified electrode 

The paste packing procedure was same as that at the bare carbon paste electrode. 
Electrochemical polymerizations of DL-alanine at the carbon paste electrode was done by using cyclic 
voltammetric method in aqueous solution containing 1mM glycine in 0.2 M acetate buffer solution pH 
7.0. Electropolymerisation was achieved by the formation of film that grew between –100 mV to 1400 
mV at a scan rate of 50 mV/s for 5 cycles using cyclic voltammetry.  

 
 
 
3. RESULTS AND DISCUSSION 

3.1. Electropolymerisation of DL-alanine at the surface of carbon paste electrode 

The electropolymerisation of DL-alanine on the surface of carbon paste electrode was 
investigated by cyclic voltammetry, which is shown in fig.1. The potential scan range especially the 
positive potential, was the most important factor for preparing the polymer film. If positive potential 
value for polymerization was below 1000 mV or negative one was above –100 mV there was no 
polymer formation on the surface of the electrode. When the positive potential value reached 1200 mV 
the electropolymerisation was observed. The experimental results showed that a better conductive 
polymeric film could be formed when potential scan window was from –100 mV to 1400 mV. 
Therefore we selected it for electropolymerisation potential window in this work. 

Cyclic voltammograms of 1mM DL-alanine in 0.2 M ABS pH 7.0 at the carbon paste is shown 
in fig.1. In the first scan a broad voltammogram was obtained which goes on decreasing from the 
second cycle. The gradual decrease of the voltammograms as the number of cycles increases shows 
that DL-alanine was deposited on the surface of CPE by electropolymerisation. After modification the 



Int. J. Electrochem. Sci., Vol. 3, 2008 
  

1189

poly (alanine) MCPE was carefully rinsed with double distilled water and was used for 
electrochemical analysis. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Cyclic voltammograms for 1mM DL-alanine recorded with bare CPE in 0.2 M ABS (pH 
7.0) scan rate 50 mV/s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Cyclic voltammograms obtained for the electrochemical response of 1 mM K4  [Fe (CN) 6] at 
poly (alanine) modified electrode (solid line curve) and bare CPE (dashed curve line) in 1 M KCl. 
Scan rate 50 mV/s 
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3.2. Electrochemical characterization of the modified electrode 

Cyclic voltammetry was used to estimate the electroactive surface of the modified electrode. 
Fig.2 represents the CVs of bare CPE (dashed line curve) and poly (alanine) MCPE, which were 
recorded in 1mM K4 [Fe (CN) 6] solution containing 1 M KCl at a scan rate of 50 mV/s. Well defined 
oxidation and reduction peaks due to the Fe2+/Fe3+ redox couple were observed. It could be seen from 
fig.2 that the peak-to-peak separation of bare CPE (61 mV) is larger than that of the poly (alanine) 
MCPE (54 mV). This may be ascribed to the higher electrochemical activity of the poly (alanine) 
MCPE. Compared with the bare CPE the peak current at poly (alanine) MCPE increased and was 2.0 
times of that on bare CPE. Due to increased peak current the modified electrode possesses the highest 
electrocatalytic activity [39, 40]. 

 

3.3. Electrochemical oxidation of AA at the poly (alanine) MCPE 

Fig.3 shows the cyclic voltammograms of AA at the bare CPE (dashed line curve) and poly 
(alanine) MCPE. At the bare CPE the oxidation peak occur at around 142 mV. Oxidation of AA at 
bare electrode is generally believed to be totally irreversible and requires high overpotential due to 
fouling of the electrode by the adsorption of oxidized product of AA [41]. However at the poly 
(alanine) MCPE, the oxidation peak potential of AA was obtained at around 71 mV which is shifted to 
less positive potential as compared to that of bare CPE, indicating that the poly (alanine) film on the 
electrode surface favours the oxidation process of AA.This film prevents the fouling of the electrode 
surface, hence faster electron transfer kinetics of AA at the poly (alanine) MCPE. Since the oxidation 
peak of AA is shifted to less positive potential it would not interfere with the measurement of DA 
 

 

 

 

 

 

 

 

 

 

Figure 3. Cyclic voltammograms obtained for the oxidation of 1 mM AA at poly (alanine) MCPE 
(solid line curve) and bare CPE (dashed line curve) at scan rate 50mV/s 
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Figure 4. (a) Cyclic voltammograms for the oxidation of 0.1 mM DA obtained at the poly (alanine) 
MCPE (solid line curve) and bare CPE (dashed line curve) Scan rate 50 mV/s, 0.2 M ABS (pH. 7.0) 
(b) Cyclic voltammograms of 0.1 mM DA on the Poly (alanine) modified CPE at different scan rates 
(a – e: 60, 70, 80, 90,100 mV/s) in 0.2 M ABS (pH.7.0) and (c) is the plot of the redox peak current 
versus the square root of scan rate. 
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3.4. Electrocatalytic oxidation of DA at poly (alanine) MCPE 

The electrochemical behavior of DA at the poly (alanine) MCPE was investigated using cyclic 
voltammetry and the cyclic voltammograms are shown in fig4a At the bare CPE the cyclic 
voltammogram of DA (dashed line curve) showed a pair of redox peak with the anodic peak potential 
at 218 mV and the cathodic peak potential at 164 mV in pH 7.0 ABS. The peak-to-peak separation was 
54 mV. However for the poly (alanine) MCPE the anodic peak was located at 188 mV which was 
negatively shifted by 30 mV and the corresponding cathodic peak potential was located at 143 mV 
which was negatively shifted by 21 mV. The peak-to-peak separation was calculated as 45 mV. The 
results of the enhancement of the peak current showed the excellent catalytic a ability of poly (alanine) 
MCPE 

Fig.4b shows the cyclic voltammograms of 0.1 mM DA on Poly (alanine) MCPE at different 
scan rates. With the increase of the scan rate, the redox peak currents also increased gradually. The 
relationship of the redox peak current with the scan rate was constructed and the results are shown in 
fig4c. In the range from 60-100 mV/s the redox peak currents were proportional to the square root of 
the scan rate, which indicate the electron transfer reaction was diffusion controlled. 
 

 

 

 

 

 

 

 

 

 

Figure 5. Cyclic voltammograms obtained at bare CPE (dashed line curve) and poly (alanine) MCPE  
(solid line curve) in 0.2 M ABS (pH 7.0) containing a mixture of 0.1 mM DA and 1 mM AA. Scan rate 
50 mV/s. 
 

3.5. Simultaneous detection of DA in the presence of AA at poly (alanine) MCPE 

In order to examine the sensitivity and selectivity of poly (alanine) MCPE the electrochemical 
behaviour of a mixture of 0.1mM DA and 1mM AA was investigated using cyclic voltammetry. Fig.5 
shows the cyclic voltammograms obtained for DA and AA coexisting at bare CPE and poly (alanine) 
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Figure 6. (a) Cyclic voltammograms obtained at the poly (alanine) MCPE in 0.2 M ABS pH 7.0 
containing 1mM AA and DA with different concentrations  (a) 0.1 (b) 0.2 (c) 0.3 (d) 0.4 (e) 0.5 (f) 0.6 
(g) 0.7 mM at a scan rate of 50 mV/s (b) plot of redox peak current of DA verses concentration. 
 
 
MCPE. As shown in figure bare CPE (dashed line curve) cannot separate the voltammetric signal of 
DA and AA. Only one broad voltammetric signal for DA and AA was observed at approximately 206 
mV. The fouling of the electrode surface by the oxidation products results in a single voltammetric 
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peak for DA and AA.Therefore it is impossible to use bare electrode for the voltammetric 
determination of DA in the presence of AA. Moreover the poly (alanine) MCPE resolved the 
voltammetric signal into two well defined voltammetric peaks at 41mV and 245mV corresponding to 
AA and DA respectively (solid line curve) This is because AA exists as anions in the pH 7.0 ABS, 
hence the electrostatic repulsion between the AA anions and the negatively charged groups on the 
electrode surface retarded the electron transfer and shifted the oxidation potential of AA towards more 
negative value so that the oxidation peak of DA could be separated from that of AA. As the oxidation 
potential of AA is readily oxidized well before the oxidation potential of DA is reached. Thus the 
catalytic oxidation of AA is possible at the poly (alanine) MCPE. The separation between the oxidative 
peaks of DA and AA was approximately 204 mV; hence the simultaneous determination of DA in the 
presence of ascorbic acid is feasible at the poly (alanine) MCPE. 
 

3.6. Effect of DA concentration in the presence of AA at Poly (alanine) MCPE 

Fig.6a shows the CVs at the poly (alanine) MCPE for 1 mM AA and DA at different 
concentrations in pH 7.0, 0.2 M ABS at a scan rate 50 mV/s. As show in fig.6b the anodic and cathodic 
peak current of DA increases with increase in concentration while the anodic peak current of AA 
remains constant due to its constant concentration in the experiment. Therefore the poly (alanine) 
MCPE showed its good selectivity and sensitivity in the electrochemical detection of DA in the 
presence of AA 

 
 
 
4. CONCLUSIONS 

This study has indicated that poly (alanine) MCPE exhibits highly electrocatalytic activity 
towards the oxidation of dopamine and ascorbic acid. The results also indicated that the problem of the 
overlapped voltammetric responses of DA with AA, due to their coexistence in real biological matrixes 
can be effectively overcome by use of poly (alanine) MCPE. The modified electrode has a good 
selectivity, sensitivity and reproducibility. With it’s low cost and easy of preparation, the poly 
(alanine) MCPE seems to be of great utility for further sensor development. 
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