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ABSTRACT: The electropolymerisation of fast green was prepared on the surface of graphite pencil electrode using 

cyclic voltammetric technique. This poly  (fast green) modified  graphite pencil electrode shows good electrocatalytic 

activity in  the detection of dopamine when compared to bare graphite pencil electrode in 0.2 M phosphate buffer 

solution of pH 7.0.  The effect  of scan rate show that the electrode process was diffusion controlled. The concentration 

and pH effects on the voltammogram of dopamine were studied. The poly (fast green) modified graphite pencil 

electrode was shows excellency in  resolution of dopamine in  presence of large excess of ascorbic acid and uric acid 

concentrations. The interfering study was made by increasing the concentration of one species and keeping 

concentration of other two species constant. The poly (fast green) film coated electrode shows outstand ing potential 

difference for dopamine, ascorbic acid and uric acid in their mixture.  
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I. INTRODUCTION 

Electroanalytical methods have been used through the past three decades to explore the function of 

neurotransmitters in the brain due to their electroactive nature. Such methods offer great promise for the biomolecu le 

detection with features that consist of high sensitivity, inherent miniaturizat ion, inexpensive, independence of sample 

turbidity, min imal power demands and high compatibility with modern microfabrication technologies [1, 2]. In that 

chemically modified electrodes have been widely used as sens itive and favorable analytical methods [3, 4].   

Electrode surface modification has been demonstrated to be an effective means to reduce the overpotential of 

many electrode processes [5]. Recently, carbon-based porous materials have been used in a variety of fields including 

catalysis, purificat ion, separation and energy storage because of their high specific surface area, and high mechanical 

stability [6-8]. 

Electrodes coated with film of conducting polymer by electropolymerisation have been paid great att ention in 

the past decades, due to their unique physical and chemical propert ies and some possible applications in organic 

batteries, microelectronic devices and electrocatalysis, as reviewed by several g roups [9-13]. In the in itial period, the 

principal thought was devoted to some basic representative materials, e.g., polypyrrole (PPy), polythiophene and 

polyaniline. Since these electroactive polymer films coated electrodes generally offer very dense redox sites, they can 

mediate electron transfer to a solution species. The selective response of this kind of polymers towards dissolved ions 

has made them useful as an important class of ion and molecular sensors. To attain this purpose, one can employ 

electrochemical reactions that cause a substantial change in the interaction between the ionic species and the polymer 

[14-20].  

Thin polymer films can be formed at electrodes using electrochemical techniques via monomer electropolymerizat ion. 

These film systems are an attractive area of study because the synthes is takes place at electrodes  in aqueous media 

under electrochemical control. A significant focus of thin film electropolymerisation research has centered on forming 

and studying highly conjugated polymers. Examples consist of both conducting polymers and n on-conducting polymer 

films formed from monomers such as phenol and its derivatives [21 - 25]. 
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Dopamine (DA) is an important neurotransmitter molecule of catecholamines that is extensively d istributed in 

the mammalian central nervous system for message transfer. Hence, it has been of attention to neuroscientists and 

chemists. Loss of DA-containing neurons may result in some serious diseases such as Parkinsonism [26 - 29]. 

Therefore, determination  of the concentration of this neurochemical is a  key task. The  fact that DA and other 

catecholamines are easily oxid izable compounds makes their detection possible by electrochemical methods. A major 

problem of electrochemical detection of DA in  genuine biological matrices is the coexistence of many interfering 

compounds. Among these, ascorbic acid  (AA) is of particu lar importance. For example, in the ext racellular fluid of the 

central nervous system, this species is present in excessive concentrations like 100–500 M [30, 31]. Uric acid  (UA) is 

the main end product of purine metabolism. Irregular levels of UA are symptoms of a number of diseases for instance 

hyperuricemia, gout, and Lesch–Nyan disease [32]. Other diseases, such as leukemia and pneumonia, are as well 

associated with improved urate levels [33]. Moreover in most of all bare electrodes, DA, AA and UA get oxidized at 

almost the same potential, resulting in overlapped voltammetric response.  

Simultaneous detection of DA, AA and UA is a complexity of critical importance not only in the field of b iomedical 

chemistry and neurochemistry but also for d iagnostic and pathological research. Recently Y. Zhou and co - workers 

developed the electropolymerised methyl red modified electrode for the electrochemical detection of DA [34]. But our 

interest is to study the sensor activity of poly (fast green) modified graphite pencil electrode for the investigation of DA.  

II. EXPERIMENTAL 

A. REAGENTS  

 

Fast green, DA and AA were purchase from Himedia and Aldrich, UA and graphic powder from Fluka. 25mM 

fast green stock solution was prepared. 25×10
-4

M stock solution AA was prepared by dissolving in double distilled 

water and 25×10
-4

M stock solution of UA in 0.1M NaOH. The stock solution DA (25×10
-5

M) was prepared by 

dissolving in  0.1M perchloric acid solution. The phosphate buffer solutions of different pH were used as supporting 

electrolyte. Above mentioned all chemicals were of analytical grade and used without further purificat ion. The double 

distilled water was used in the preparation of all aqueous solutions. 

B. PPARATUS  

 

The electrochemical experiments were carried out using a model-201 electroanalyser (EA-201 chemilink 

system). All the experiments were carried out in a conventional three electrochemical cell. The electrode system 

contained a working electrode was graphite pencil electrode (GPE) (0.5 mm in diameter), a plat inum wire as counter 

electrode and saturated calomel electrode as reference electrode.  

C. ELECTROPOLYMERIS ATION OF FAST GREEN  

 

The electropolymersation of fast green was performed by using cyclic voltammetric  technique in  the range of –1000 

to 2000 mV at g raphite pencil electrode. The saturated calomel electrode and plat inum electrode were used as reference 

and counter electrode respectively. The 0.5 mM fast green monomer was placed in the three electrode elec trochemical 

cell with phosphate buffer at pH 6.5. Fo llowed by this, the electrode is made to suffer by applying 20 multip le cycles at 

100 mVs
-1

 sweep rate. The prepared poly (fast green) modified graphite pencil electrode (poly (FG)/GPE) was set aside 

in pH 7 phosphate buffer solution for half an hour to eliminate unpolymerised monomers.  

III EXPERIMENTAL RES ULTS  

A. ELECTROCATALYTIC RESPONS E OF DA AT POLY (FG)/GPE BY CYCLIC VOLTAMMETRY  

 

Figure 1 shows the comparison of voltammograms for bare GPE and poly (FG)/GPE for 50 M DA with 0.2M 

phosphate buffer of pH 7.0 supporting electrolyte in the potential range of –250 to 600mV at 100 mVs
-1

 sweep rate. At  
bare GPE, the electrochemical reaction of DA shows less sensitive and reproducible voltammogram. A pair o f redox 

peak at bare GPE (solid line) for DA were obtained with anodic peak potential located at 220 mV and cathodic peak 

potential was at 120 mV (vs SCE). The separation of redox peaks (Ep) was found to be 100 mV. However, at the poly 

(FG)/GPE a pair of redox peaks obtained with strong increased redox peak current signals
 
(dashed line). The poly 
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(FG)/GPE showed reduction in  the over potential compared to  bare GPE. The anodic peak potential and cathodic peak 

potential were located at 190 mV and 134 mV respectively. At poly (FG)/GPE the anodic peak potential was shift 

negatively upto 30 mV and cathodic peak potential was positively upto 14 mV. The Ep was found to be 56 mV, which 

shows the electrocatalytical activity of poly (FG)/GPE.  

 

 

Figure 1.Cyclic voltammograms of 50 M DA at poly (FG)/GPE (Dashed line) and bare GPE (solid line) in 0.2M phosphate buffer of pH 7.0 at 100 
mVs

-1
 scan rate. 

The effect of scan rate on the anodic peak current of 50 M DA was studied by cyclic voltammetric technique 

with increasing the scan rate (50mVs
-1 

- 600mVs
-1

). The graph of anodic peak current verses square root of scan rate 

(
1/2

) was plotted (data was not shown) and showed superior linearity between the square root of scan rate and anodic 

peak current. The correlation coefficient was found to be 0.9997 which indicates the electrode transfer reaction was 

diffusion controlled.  

 The electrochemical reaction of DA at poly (FG)/GPE is in general pH reliant. The voltammograms of 50 M 

DA were recorded at 0.2 M phosphate buffer solutions of diverse pH by cyclic voltammetric method. The redox peak 

potentials were shift  to less positive side with the increase in the pH value from 3.0 -9.0. The potential d iagram was 

constructed by plotting the graph of anodic peak potential (Epa) vs pH of the solution. The graph has excellent linearity 

with a slope 53 mV/pH. This performance is nearly obeyed the Nernst Equation for equal number o f electron and 

proton transfer reaction.    

B. ELECTROCATALYTIC RESPONS E OF AA AND UA AT POLY (FG)/GPE BY CYCLIC 

VOLTAMMETRY 

 

                                        
 
 

 
 

 

Figure 2.Cyclic voltammograms of 150 M AA at poly (FG)/GPE 
(Dashed line) and bare GPE (solid line) in 0.2M phosphate buffer of 
pH 7.0 at 100 mVs

-1
 scan rate. 

Figure 3.Cyclic voltammograms of 100 M UA at poly 
(FG)/GPE (Dashed line) and bare GPE (solid line) in 0.2M 
phosphate buffer of pH 7.0 at 100 mVs

-1
 scan rate. 
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AA and UA are the interference compounds for the detection of DA. Hence it is essential to study their 

electrochemical behaviors. Figure 2 and 3 were the voltammograms recorded for 150 M AA and 100 M UA 

respectively at bare GPE (solid line) and poly (FG)/GPE (dashed line) in 0.2M phosphate buffer of pH 7.0 supporting 

electrolyte in the potential range of –250 to 600mV at 100 mVs
-1

 sweep rate. The indiv idual electrochemical react ion of 

AA and UA were poor at bare GPE by means of overpotential and less sensitivity. The oxidation of AA and UA occurs 

at 225 mV and 295mV respectively. The poly (FG)/GPE has reduced the over potential compared to bare GPE. The 

anodic peak potentials of AA and UA  were located at 30 mV and 295 mV respectively.  

C. S IMULTANEOUS DETERMINATION OF DA, AA AND UA 

AA and UA were present along with DA in mammalian brain. The concentration of AA and UA were much high er 

than that of DA. Since, the oxidation potential of AA and UA were nearly same as that of DA result is an overlapped 

voltammetric response at bare GPE. However, the poly (FG)/GPE has ability to separate the oxidation peak potentials 

of DA, AA and UA. Figure 4 shows the cyclic voltammograms for solution containing mixture of 50 M DA, 100 M 

UA and 200 M AA in pH 7.0 phosphate buffer solution at sweep rate of 100 mVs
-1

. The bare GPE (dashed line) 

showed only one broad and less sensible anodic peak for mixture o f sample. The poly (FG)/GPE (solid line) has able to 

separate the oxidation peaks of DA, UA and AA by showing three well separated anodic peaks. The electrochemical 

response of DA was showed at 230 mV, AA was found to be at 20 mV and the UA at 310 mV by  cyclic voltammetric 

techniques. The resolutions of this mixture of three samples were also performed  by using differential pulse 

voltammetric technique (Figure 5).  The oxidation potentials of DA, AA and UA were found at 160 mV, -45 mV and 

310 mV respectively. The peak-to-peak separation between DA-AA was found to be 205 mV and between DA-UA was 

150 mV.  

                                           
 

 

 

D. INTERFERENCE S TUDY 

The simultaneous determination of DA, AA and UA in the mixture was carried out at poly (FG)/GPE by 

keeping two species concentration constant and varying one species concentration [37]. From the Figure 6, it  can be 

seen that the concentration of DA was increased from 5 to  70 M, while keeping the concentration of UA 100 M and 

AA 200 M. The anodic peak current was proportional to concentration of DA and there were no changes in the peak 

current and peak potential was occur for AA and UA. The correlat ion coefficient was found to be 0.9989. The limit of 

detection (LOD) was calcu lated by using the formula (1), where S is the standard deviation of blank solutions and M is 

the slope obtained by the peak current vs concentrations [37]. The LOD was found to be 4 × 10
-7 

M. These 

experimentally obtained results were compared with other previously reported literatures and shown in table 1 [38 -43]. 

LOD = 3S/M    (1) 

Similarly, in the figure 7 shows the concentration effect of UA from 20 to 350 M at constant 200 M AA 

and 50 M DA and figure 8 shows the concentration effect of AA from 50 to 450 M at constant 50 M DA and 100 

M UA. These results show that the DA, AA and UA exist independently in their mixtures of samples. The detection 

limit  of AA and UA were found to be 5.2 × 10
-6 

M and 2 × 10
-6 

M respectively. 

 

 
 

Figure 5. Differential pulse voltammograms for simultaneous 

determination of 50 M DA, 100 M UA and 200 M AA at 20 
mVs

-1
 scan rate at poly (FG)/GPE. 

Figure 4. Cyclic voltammograms for simultaneous determination of 

50 M DA, 100 M UA and 200 M AA at 100 mVs
-1

 scan rate at 
bare GPE (dashed line) and at poly (FG)/GPE (solid line). 
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Figure 8. Differential pulse voltammogram of AA (a – g; 50 M, 100 M, 200 M, 250 M, 300 M, 350 M, 400 M and 450 M) in 0.2M 

phosphate buffer solution of pH 7.0 in the presence of 50 M DA and 100 M UA at poly (FG)/GPE. 

 
Table 1. Comparison of different modified electrode for DA determination. 

 

Electrode Detection limit (mol/liter) Method References 

Metallothioneins self-assembled gold electrode 6.0×10
−6

 CV [38] 

Ionic liquid modified carbon paste electrode 7.0×10
−7

 CV [39] 

poly(XO)MCPE 5.24×10
-5

 CV [40] 

Sonogel-Carbon L-cysteine Modified Electrode 1×10
−7

 SW V [41] 

Overoxidized Po lypyrrole/Graphene Modified Electrodes, 0.1× 10
-6

 CV [42] 

Activated roughened glassy carbon electrode 8 × 10
-8

 CV [43] 

Poly (FG)/GPE 5 × 10
-7

 DPV Present Work 

 

IV CONCLUS ION  

The prepared poly (FG)/GPE exhib its higher electrocatalytic activ ity towards the detection of DA. The obtained results 

revealed that determination  of DA can  be easily performed using poly (FG)/GPE and this modified electrode has 

dramat ically enhanced electrocatalytic activity towards DA with good stability. The LOD was found to be 4 × 10
-7 

M. 

The applicability of poly (FG)/GPE is able to identify the DA, AA and UA in mixture of sample. AA and  UA are not 

interferences in the electrochemical investigation of DA. Po ly (FG)/GPE also has good stability and this fabricated 

electrode can be applied for study of other bioactive molecules. 
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