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Abstract- A facile, sensitive and selective electrochemical sensor was fabricated based on 
electropolymerization of Evan’s blue (Eb) (Poly(Eb)) on the carbon paste electrode (CPE) 
followed by drop casting of graphene (GR) onto the Poly(Eb)/CPE. The electrochemical 
behaviour of dopamine (DA) at the surface of GR/Poly(Eb)/CPE was studied. Moreover, the 
surface morphology of various types of modified electrodes was characterised by 
electrochemical impedance spectroscopy (EIS) and scanning electron microscope (SEM). The 
proposed electrochemical sensor has successfully facilitated the simultaneous resolution of DA 
in presence of uric acid (UA) and folic acid (FA). A good linear relationship was observed for 
the detection of DA in the range between 5-110 µM, with the lower detection limit of 6.52 µM. 
The analytical application of GR/Poly(Eb)/CPE was also studied towards the detection of 
dopamine in real sample analysis with good recovery results.  
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1. INTRODUCTION  

Dopamine (4-(2-Aminoethyl)-benzene-1, 2-diol, DA) is one of the catecholamine 
neurotransmitter, which plays an important role in message transfer in human brain. In most of 
the mammalian brains, the nerve cells release one of the organic chemical called DA, which 
helps in transferring signals from one nerve cell to another (neurotransmitter) [1,2]. DA helps 
in improving the working ability of brain, its deficiency (low levels) causes several 
neurological diseases like Parkinson [3-5], Schizophrenia [6,7] etc. Hence it is essential to 
detect DA in diagnosis of several diseases. Uric acid (UA) is one of the heterocyclic compounds 
with a chemical formula C5H4N4O3 and it is the primary end product of purine metabolism in 
the human body. Generally, UA is present in blood and urine, the irregular concentrations of 
UA causes symptoms like hyperuricemia, pneumonia and gout [8] etc. Folic acid (FA) is a 
water-soluble vitamin B9 compound, which plays an important role in the case of women during 
the pregnancy period and prevents the natural tube defects (NTD’s), the deficiency of FA leads 
to anaemia, psychosis, mentality and cognitive defects [9,10]. 

The deficiencies of DA, UA, FA leads to several disorders and they usually coexisting in 
human body fluids. The redox potentials of these molecules are very close to each other and 
hence, the sensitive, selective and simultaneous resolution of these molecules is of great interest 
to the researchers in the clinical and pharmacology point of study. However, the bare carbon 
paste electrode (CPE) showed fouling effect and poor selectivity, because the oxidation 
potentials of DA, UA and FA overlap’s with each other. To enhance the sensitivity and 
selectivity, there is a need to fabricate an electrochemical sensor towards the determination of 
DA and its simultaneous resolution in presence of UA and FA. 

Now a day, due to the high electrical and conducting properties of carbon based nano 
sheets, they are extensively used in the preparation of novel electrochemical sensors. The 
carbon atoms in graphene have sp2 hybridization with a honey-comb crystal lattice structure 
[11]. It has the properties like high electrical, conducting and large surface area; due to these 
unusual properties, it accelerates the electron transport rate [12]. In this work, we have 
successfully fabricated an electrochemical sensor based on the electropolymerization of Evan’s 
blue onto the surface of CPE and subsequent drop casting of graphene onto the surface of 
Poly(Eb)/CPE surface to get the final fabricated sensor (GR/Poly(Eb)/CPE). The polymer 
modified film along with the graphene sheets onto the surface of CPE, have led to a synergic 
improvement in electrochemical sensor properties in terms of enhanced peak currents, 
sensitivity, selectivity and catalytic activity towards the electrochemical determination of DA. 
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2. EXPERIMENTAL 
2.1. Instrumentation 

In the present investigation, the electrochemical measurements such as CV, DPV and EIS 
were carried out by using CHI-660D electrochemical workstation (from USA). The electrolytic 
cell consisted of three compartments- the first compartment included a working electrode 
(GR/Poly(Eb)/CPE), second included a reference electrode (saturated calomel electrode) and 
third included an auxiliary electrode (platinum wire, 0.5 mm diameter). To record the various 
pH values, the Elico U 120 pH meter connected with pH CL51B electrode was used to in this 
experiment. 
 
2.2. Chemicals 

Dopamine (DA) was from Sigma-Aldrich, India, Uric acid (UA) was from Merck 
Specialities Pvt Limited, Mumbai, India and Folic acid (FA) was from Sigma, India. 
K4[Fe(CN)6] was from Thermo Fisher Scientific India Pvt. Ltd, Mumbai, India. K3[Fe(CN)6] 
was from Merck Specialities Pvt. Limited, Mumbai, India and KCl was from Qualigens fine 
chemicals, Mumbai, India. Evan’s blue dye was from British Drug Houses Ltd, Pool England 
and Graphene (dry state) was from Acros Organics. The phosphate buffer solution (PBS) was 
prepared by using NaH2PO4.2H2O (from Fisher Scientific India Pvt. Ltd, Mumbai) and 
Na2HPO4 (from Merck Specialities Pvt. Limited, Mumbai). Graphite powder was from Loba 
Chemie and silicon oil was from S.D. Fine. The stock solution of 10 mM DA was prepared and 
it was stored in a refrigerator. The working solution of 1 mM DA was prepared by diluting the 
stock solution with a buffer solution. All the chemicals were of analytical grade and were used 
without further purification. 
 
2.3. Preparation of bare CPE 

The bare CPE was prepared by hand mixing of carbon powder with silicon oil (~85:15%, 
W/W) for 40-45 min in an agate mortar with the help of pestle. The resulting homogeneous 
paste was inserted into the one end of Teflon tube having 2 mm diameter and electrical contact 
was made by inserting a copper rod into the other end of the Teflon tube. The obtained CPE 
surface was smoothened on a soft filter paper [13,14]. 
 
2.4. Preparation of injection sample 

Commercially available 200 mg/5 ml (each ml contains 40 mg of dopamine hydrochloride) 
of dopamine hydrochloride injection sample was chosen for the pharmaceutical sample studies. 
From this 1 ml of dopamine hydrochloride injection sample was taken and dissolved with 
distilled water in a 10 ml standard flask. Finally, the solution containing 4 mg of dopamine 
hydrochloride was obtained and it was shaken well to get desired concentration. On the other 
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hand, the standard DA solution was prepared to the same concentration of the real sample and 
was used for formulation studies. 
 
2.5. Preparation of modified CPE (Poly(Eb)/CPE) 

Before modification, the bare CPE was cycled in 0.1M PBS (pH 7.0), between the potential 
windows from -500 to +1500 mVS-1 at a scan rate of 100 mVS-1, until a stable and 
electrochemically cleaned surface of electrode was achieved. Then, the Poly(Eb) modified CPE 
was fabricated by performing cyclic voltammograms for 15 cycles in 0.01 M Evan’s blue 
containing 0.1 M PBS (pH 7.0) between the potential window of -500 to +1500 mV S-1  
(Fig. 1). After completion of the cycles, the electrode was taken out and slightly washed with 
distilled water for further measurements. There was no polymerization in the potential window 
from -500 to +1000 mVs-1; however, an effective polymer film was developed on extending 
the potential windows from -500 to +1500 mVs-1. The electropolymerization process was 
achieved through the following mechanism: first step, the –NH2 groups of EB was oxidized to 
–NH and free radicals, in the second step, the two free radicals were rapidly combined together 
to form the hydrazo benzene sulfonic acid and in the third step, the hydrazo benzene sulfonic 
acid was oxidized to form azo benzene sulfonic acid and in turn again it reduces to form 
hydrazo benzene sulfonic acid (scheme 1&2). This mechanism was explained by Liqing Lin et 
al. [15]. After electropolymerization, it can be concluded that on increasing the number of 
cycles of CV’s has resulted in development of condensed form of Poly(Eb) layer on the surface 
of bare CPE, demonstrating that the Poly(Eb) film was developed on the surface of electrode 
[16-19]. 

 
 

 
 
Fig. 1. Cyclic voltammograms for the electrochemical polymerization of Evan’s blue at bare 
CPE in 0.1 M PBS of pH-7.0 at 100 mVs-1 scan rate  
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Scheme 1. The proposed electropolymerization mechanism of Evan’s blue on bare CPE 
 

 
Scheme 2. Steps involved in the preparation of modified CPE (Poly(Eb)/CPE) 

 
2.6. Preparation of a novel shaped GR/Poly(Eb)/CPE chemical sensor 

After the electropolymerization, the resulting electrode (Poly(Eb)/CPE) surface was 
modified with 5 µl of graphene (prepared by dissolving 1 mg of graphene in 1 ml of methanol 
and sonicated for 10 min.) was transferred onto the surface of Poly(Eb)/CPE. The resulted 
electrode (GR/Poly(Eb)/CPE) was dried at room temperature and used as a working electrode 
for further electrochemical measurements in this work. 
 
3. RESULTS AND DISCUSION 

3.1. Surface characterization of the fabricated electrodes 

The comparative study of surface analysis of the bare CPE, Graphene/CPE, Poly(Eb)/CPE 
and GR/Poly(Eb)/CPE modified electrodes were carried out by using scanning electron 
microscopy (SEM) (Fig. 2). The morphology of bare CPE has relatively minor cracks (Fig. 2a), 
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whereas this type of exfoliation was not seen in Poly(Eb)/CPE, a smooth and condensed form 
of polymer film was observed (Fig. 2b), this was achieved by electropolymerization process 
and due to this the surface area and electron promoting ability was increased. The surface of 
Poly(Eb)/CPE was uniformly distributed with Eb molecules. An irregular arrangement of flake 
like structures of graphene was for Graphene/CPE (Fig. 2c). However, the sp2 carbons of 
graphene powder were uniformly absorbed onto the Graphene/CPE surface; resulting, in the 
increased active surface area of Graphene/CPE. While the morphology of GR/Poly(Eb)/CPE 
surface has two layers, one of the layer corresponds to the Eb molecules, which was uniformly 
distributed on the surface of the electrode and other has a flake like structures of sp2 carbons 
of graphene on the surface of GR/Poly(Eb)/CPE (Fig. 2d). Due to the above modification, the 
active surface area and conductive sites of newly fabricated sensor (GR/Poly(Eb)/CPE) was 
increased, resulting in high sensitivity, selectivity and conducting ability towards the 
determination of DA. 

 

 
 
Fig. 2. Typical SEM images of (a) bare CPE; (b) Poly(Eb)/CPE; (c) Graphene/CPE and (d) 
GR/Poly(Eb)/CPE  
 
3.2. Electrochemical impedance characterization of GR/Poly(Eb)/CPE 

The surface nature and electron transfer ability at the surface of different types of fabricated 
electrodes was characterized with the help of EIS. In this work, the EIS was performed using 
[Fe (CN) 6]-3/[Fe (CN) 6]-4 in 0.1 M KCl solution at Bare CPE, Graphene/CPE, Poly(Eb)/CPE 
and GR/Poly(Eb)/CPE [20,21]. Fig. 3 represents a Nyquist plot for Bare CPE (peak-a), 
Graphene/CPE (peak-b), Poly(Eb)/CPE (peak-c) and GR/Poly(Eb)/CPE (peak-d) respectively. 
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From Nyquist plot, the semicircle diameter at higher frequency level corresponds to the charge 
transfer resistance (Rct), to overcome Rct, the surface of CPE is to be modified with conductive 
materials. From Fig. 3, the GR/Poly(Eb)/CPE (peak-d) showed almost straight line when 
compared to other three electrodes at lower frequency level, indicating low Rct value and high 
electron transfer rate at the surface of GR/Poly(Eb)/CPE (peak-d). The high electron transfer 
rate at the surface of GR/Poly(Eb)/CPE was due to the fact that the graphene architecture 
facilitated 2D networks on the surface of Poly(Eb)/CPE, that connected the analyte particles 
and provided higher electrode/electrolyte contact surface thereby improving the electron 
transport rate. This effect was not seen with bare CPE (peak-a), Graphene/CPE (peak-b) and 
Poly(Eb)/CPE (peak-c), because these electrodes has high Rct values and less electron transfer 
ability on their surfaces [22,23]. In the present investigation, based on the EIS data, we have 
chosen GR/Poly(Eb)/CPE as a working electrode for all the electrochemical investigations of 
DA.  

 

 
Fig. 3. The Nyquist plot of 0.1 M KCl containing 1 mM [Fe(CN)6]-3/-4 at (a) bare CPE, (b) 
Graphene/CPE, (c) Poly(Eb)/CPE and (d) GR/Poly(Eb)/CPE  
 
3.3. Voltammetric characterization of different types of electrodes with K3[Fe(CN)6] 

The voltammetric characterization of bare CPE, Poly(Eb)/CPE, Graphene/CPE and 
GR/Poly(Eb)/CPE was examined by using CV technique. Fig. 4 shows the typical CVs of  
1×10-3 M [Fe(CN)6]-3 in 0.1 M KCl buffer solution at 100 mV/s scan rate between the potential 
window -0.1 to 0.50 V. In Fig. 4, the cyclic voltammogram of 1×10-3 M [Fe(CN)6]-3at bare 
CPE (curve-a) showed high ΔEp and low peak current values, indicating very slow electron-
transfer rate. Curve-b represents the Graphene/CPE with reduced ΔEp and increased peak 
current values, indicating better electron-transfer rate, in comparison with curve-a. Curve-c 
represent the Poly(Eb)/CPE with still further reduced ΔEp and increased peak current values, 
indicating the electron-transfer rate was high at the Poly(Eb)/CPE surface. Curve-d represents 
the GR/Poly(Eb)/CPE with maximum reduced ΔEp and enhanced peak current values, in 
comparison with all the above three electrodes, suggesting a high electron-transfer rate, this 
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was due to the fact that the Poly(Eb) film on the surface of CPE enhanced the surface area of 
the electrode and further drop casting of graphene onto the Poly(Eb)/CPE surface enhanced the 
active sites and conductive nature of GR/Poly(Eb)/CPE towards the determination of the 
analyte.  

 

 
Fig. 4. Cyclic voltammograms of 1×10-3 M K3[Fe(CN)6] at bare CPE(a), Graphene/CPE(b), 
Poly(Eb)/CPE (c) and GR/Poly(Eb)/CPE (d) in presence of 0.1 N KCl solution at scan rate 100 
mVs-1 

 

3.4. Determination of active surface area of various fabricated electrodes 

The active surface area (A) of various fabricated electrodes were calculated by using 
Randle-Sevcik equation (1) [24-26] and surface coverage area concentration (Г) of different 
types of fabricated CPEs were calculated by using equation (2) [27,28]. The active surface area 
(A) and the surface coverage area concentration (Г) of different types of electrodes were 
tabulated in table 1. 

Ip = k A n3/2 D1/2 Co υ1/2                                                                                                          (1) 
Ip = n2 F2A υ Γ /4RT                                                                                                               (2) 

where Ip=peak currents (A) at different electrodes, k=constant (2×105), n=electrons 
transferred number (n=1), A=surface coverage area of CPE (cm2), D1/2= diffusion coefficient 
(cm2/sec), υ1/2=scan rate (100 mV/sec), Co=solution concentration (mole/lit), Faraday constant 
(F=96485 C mol-1), Universal gas constant (R=8.314 JK-1mol-1) and temperature (T in Kelvin). 
 
Table 1. Comparison of active surface area (A) and the surface coverage area concentration 
(Г) at different types of electrodes with K3[Fe (CN)6] 
 

Types of electrodes A (cm2) Г (mol cm-3) 
Bare CPE 0.030×10-7 5.247×10-9 
Graphene CPE 0.041×10-7 6.562×10-9 
Poly(Eb)/CPE 0.057×10-7 7.978×10-9 
GR/Poly(Eb)/CPE 0.067×10-7 9.085×10-9 
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3.5. Effect of pH  

The electrochemical investigation of 1 mM DA at different pH values from pH 5 to pH 9 
of 0.1 M PBS was studied by employing CV technique (Fig. 5a). When the pH of the buffer 
solution was varied from pH 5 to pH 7, the peak currents increased gradually and from pH 7.5 
to pH 9 the peak currents started to decrease and more over it was noticed that the redox peaks 
were shifting towards less positive potentials. From this observation, we have concluded that 
the redox reaction of DA was dependent on the pH of the supporting electrolyte and the 
maximum peak current was observed at pH 7. Hence pH 7 was selected throughout the 
electrochemical determination of DA. Fig. 5b is the plot of pH vs. peak potentials and peak 
currents, a good linearity was observed with a linear regression equation for Ep vs pH as Ep 
(V)=0.360-0.052 pH (R=0.991). From the linear regression equation, the slope value was closer 
to the theoretical value i.e., 0.059 V, indicating the involvement of equal number of electrons 
and protons in the reaction mechanism. 

 

 
                                     (a)                                                                    (b) 
Fig. 5. (a) Cyclic voltammograms obtained at GR/Poly(Eb)/CPE in 0.1 M PBS solution at 
different pH values of PBS; (b) A plot of DA oxidation peak currents, peak potentials vs pH  
 
3.6. Voltammetric study of dopamine (DA) 

The voltammetric redox behaviour of dopamine (DA) was studied with 1 mM DA in PBS 
(pH 7) at various modified CPE as working electrodes, saturated calomel electrode (SCE) as 
reference electrode and Pt wire as counter electrode. From Fig. 6, curve ‘a’ shows the low level 
response of DA at bare CPE and peak ‘b’ shows a better response of redox peak currents of 
DA at Graphene/CPE, this was due to the fact that graphene has unusual structural property 
that facilitates two dimensional networks on the surface of bare CPE providing higher 
electrode/electrolyte contact surface which enhanced the electron transport characteristics. The 
peak ‘c’ (Epa=0.14 V), shows the better redox peak currents at Poly(Eb)/CPE for DA when 
compared to the response at Graphene/CPE and bare CPE. This was due to the fact that the Eb 
film on the electrode surface occupies larger surface area and the presence of anionic sites 
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(SO3-) makes it more ability to attract cationic analyte molecules. On the other hand, 
GR/Poly(Eb)/CPE (Peak ‘d’, Epa=0.16 V) shows maximum enhanced peak current values, 
when compared to all the fabricated electrodes, due to presence of graphene on the surface of 
Poly(Eb)/CPE, provided the high surface area with enhanced active sites, also it helped in 
attracting more analyte molecules towards the electrode surface, suggesting a high rate of 
electron transfer at the GR/Poly(Eb)/CPE. The percentage of increase in the peak currents at 
bare, Graphene, Poly(Eb) and GR/Poly(Eb)/CPEs were 5.60, 6.69, 22.51 and 48.38% 
respectively. From the obtained results, it can be suggested that an efficient redox system of 
DA was achieved at GR/Poly(Eb)/CPE.  
 

 
Fig. 6. Cyclic voltammograms for the electrochemical determination of 1×10-3 M DA at (a) 
bare CPE (b) Graphene/CPE (c) Poly(Eb)/CPE (d) GR/Poly(Eb)/CPE in 0.1 M PBS (pH-7.0) 
at scan rate 100 mVs-1 

 

3.7. Scan rate studies  

The influence of different scan rates on the peak currents of 1 mM DA was studied at 
GR/Poly(Eb)/CPE in 0.1 MPBS of pH 7.0 with the help of cyclic voltammetry. From Fig. 7a, 
it clearly shows that the redox peak currents were increased on increasing the scan rates from 
10-100 mV/sec. From Fig. 7b, the cathodic peak currents were linearly allied when a plot was 
drawn between Ip vs. scan rate with a correlation coefficient value of R2=0.9984. This 
demonstrates that the charge transfer process was controlled by adsorption process at the 
surface of GR/Poly(Eb)/CPE [29]. The slope value obtained from plot between Epa – Eo versus 
log ip, was used to calculate ‘α’ value and it was found to be as 0.4870. The obtained ‘α’ value 
was closer to the theoretical value (α=0.59), suggesting the involvement of equal/same number 
of electrons and protons in the rate determining step during the electrode process. The slope 
value obtained from plot between log υ versus Ep and by using of equation (3), we have 
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calculated the total number of electrons involved in the rate determining step (n) and it was 
found to be as 2.179. 

m=RT/αnaF                                                                                                                               (3) 

where m=slope value from Ep vs. log ν, α=energy transfer coefficient, n=number of 
electrons involved in rate determining step. R, T and F are the gas constant, temperature and 
faraday constant respectively. 
  

 
                                              (a)                                                        (b) 
Fig. 7. (a) Cyclic voltammograms for DA at various scan rates at GR/Poly(Eb)/CPE (a to j, 
10-100 mVs-1) in 0.1 M PBS of pH-7.0; (b) Calibration plot for the peak currents (10-5 A) vs. 
scan rate (mVs-1)   
 
3.8. Effect of DA concentration  

The DPV is more sensitive technique when compared to CV, were it can detect the analyte 
at a very low concentration. The electrolytic activity of GR/Poly(Eb)/CPE towards the 
determination of DA at various concentrations ranging from 5 µL to 160 µL was studied by 
using DPV technique (Fig. 8a). From the figure, it was observed that the oxidation peak current 
response of DA was increased linearly with increasing the concentration. From Fig. 8b, a linear 
plot of peak currents (µA) vs. various concentrations of DA was observed with a linear 
regression equation of Ip (µA)=0.7952 x+0.0287 (µA), (R2=0.998). 

By using equations (4) & (5), the lower detection limit (LOD) and quantification limit 
(LOQ) values were calculated and it was found to be as 6.52 µM and 21.7 µM respectively 
[30-32]. 

LOD = 3Sb/m                                                                                                                              (4) 
LOQ = 10Sb/m                                                                                                                          (5) 

where Sb=standard deviation and m=slope of the calibration curve (from Fig. 8b). The 
analytical performance of different fabricated electrochemical sensors was compared with the 
present work and was tabulated in Table 2 [33-36]. 
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                                       (a)                                                       (b) 
Fig. 8. (a) The differential pulse voltammograms of DA at GR/Poly(Eb)/CPE for the different 
concentrations of 5 µM (a), 10 µM (b), 15 µM (c), 20 µM (d), 25 µM (e), 30 µM (f), 35 µM 
(g), 40 µM (h), 50 µM (i), 60 µM (j), 70 µM (k), 80 µM (l), 90 µM (m), 100 µM (n), 110 µM 
(o), 130 µM (p), 160 µM (q) in PBS (pH-7.0); (b) Calibration plot between different 
concentrations of DA vs. peak currents 
 
Table 2. Comparison of detection limits of DA with GR/Poly(Eb)/CPE with other modified 
electrodes 
 

Electrodes Linear range 
(µM) 

Limit of   detection 
(µM) 

Ref. 

nano-Au/SAMs/AU sensor 200-1200 90.0 [33] 

Poly(TB)MCPE 40-3200 23.4 [34] 

PA-MNPs/GCE 10-1000 14.1 [35] 

Au/ATP-ABA/GCE 15-130 9.2 [36] 

GR/Poly(Eb)/CPE 5-110 6.52 Present work 

 
 
3.9. Simultaneous determination and resolution of DA, UA and FA 

Significantly at bare CPE, the electrochemical determination of DA suffers from 
interference with UA and FA, due to the closer oxidation potentials of each other. Hence, there 
is a need to fabricate the electrochemical sensor for the determination of DA, UA and FA 
simultaneously. Fig. 9a shows the simultaneous detection of DA (2×10-4 M), UA (5×10-4 M) 
and FA (10×10-4 M) in 0.1M PBS at bare CPE (a), Graphene/CPE (b), Poly(Eb)/CPE (c) and 
GR/Poly(Eb)/CPE (d). As shown in Fig. 9a, three well separated oxidation peaks for DA, UA 
and FA with different oxidation peak potentials was observed at GR/Poly(Eb)/CPE (d). 
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                                                 (a)                                                           (b) 

 
                                           (c)                                                                 (d) 
Fig. 9. (a) Differential pulse voltammograms for the simultaneous determination of DA  
(2×10-4 M), UA (5×10-4 M) and FA (10×10-4 M) in 0.1 M PBS at bare CPE (a), Graphene/CPE 
(b), Poly(Eb)/CPE (c) and GR/Poly(Eb)/CPE (d); (b) Differential pulse voltammograms 
obtained for the determination of DA (1×10-3 M), in the presence of UA (2×10-4 M) and FA 
(7×10-4 M) at the GR/Poly(Eb)/CPE. Concentration of DA: 5 µM (a), 10 µM (b), 15 µM (c), 
20 µM (d), 25 µM (e), 35 µM (f), 40 µM (g); inset–calibration plot of DA; (c) Differential 
pulse voltammograms obtained for the determination of UA (2×10-4 M), in the presence of DA 
(1×10-3 M) and FA (7×10-4  M) at the GR/Poly(Eb)/CPE. Concentration of UA: 5 µM (a), 10 
µM (b), 15 µM (c), 35 µM (d), 45 µM (e), 55 µM (f), 95 µM (g), 125 µM (h), 165 µM (i), 265 
µM (j); inset–calibration plot of UA; (d) Differential pulse voltammograms obtained for the 
determination of FA (7×10-4 M), in the presence of DA (1×10-3 M) and UA (2×10-4 M) at the 
GR/Poly(Eb)/CPE. Concentration of FA: 20 µM (a), 40 µM (b), 90 µM (c), 140 µM (d), 190 
µM (e), 240 µM (f), 340 µM (g); inset – calibration plot of FA 
 

The simultaneous resolution of mixture of DA, UA and FA was performed at 
GR/Poly(Eb)/CPE by changing the individual concentration of one analyte in the mixture 
solution and keeping remaining two were constant. It can be seen from Fig. 9b, that the DPV 
currents gradually increased on increasing the concentrations of DA (1×10-3 M) from 5µM to 
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40 µM by keeping the concentrations of UA (2×10-4 M) and FA (7×10-4 M) constant. A good 
linearity was observed (Fig. 9b (insert)), on increasing the concentrations of DA with a linear 
regression equation of Ip (10-6A)=-4.2942+1.1819 DAConcentration (R2=0.9968). 

Similarly, the simultaneous resolution of UA (2×10-4 M) was carried out in the presence 
of DA (1×10-3 M) and FA (7×10-4 M) by increasing the concentrations of UA from 5 µM to 
265 µM (Fig. 9c). From the Fig. 9c (insert), a good linearity was observed on increasing the 
concentrations of UA with a linear regression equation of Ip (10-7A)=-3.6881+0.7783 
UAConcentration (R2=0.9976) [37]. The simultaneous resolution of FA (7×10-4 M) was also 
investigated in the presence of DA (1×10-3 M) and UA (2×10-4 M) by increasing the 
concentrations of FA from 20 µM to 340 µM (Fig. 9d). From Fig. 9d (insert), a good linearity 
was observed on increasing the concentrations of FA with a linear regression equation of Ip 

(10-7A)=4.8696+0.1848 FAConcentration (R2=0.9973). From the above DPV results, it was found 
that the fabricated electrochemical sensor (GR/Poly(Eb)/CPE) was more suitable, sensitive and 
selective for the determination of DA in presence of UA and FA [38]. 
 

3.10. Analytical application of GR/Poly(Eb)/CPE 

The analytical application of GR/Poly(Eb)/CPE was carried out towards the determination 
of standard DA in DA HCl (hydrochloride) injection sample. The solution of DA HCl injection 
sample and standard analyte sample of equal concentration range were prepared. The resulted 
injection solution was analyzed in presence of 0.1 M PBS (pH=7.0) by using DPV technique 
with the standard addition method and the obtained recoveries were tabulated in table 3. From 
these results, we can say that the recovery data was satisfactory and thus the newly fabricated 
chemical sensor GR/Poly(Eb)/CPE has good sensing and catalytic activity in the field of 
pharmaceutical application [39]. 

 

Table 3. Determination of DA in DA Injection sample 
 

Sample Added (µM) Found (µM) Recovery (%) 

DA Injection 20 19.80 101.01 

 40 39.85 100.37 

 60 60.10 99.83 

 
3.11. Interference study 

The interference study of different foreign species with DA was examined at 
GR/Poly(Eb)/CPE under optimum conditions by DPV technique. The frequently used 
interfering agents such as glucose, trisodium citrate, alanine, phenylalanine, tyrosine, Na+, 
Mg+2, K+, Cl-, SO4- were added 50-fold excess during the determination of DA. This study 
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resulted that there was no significant change in peak currents of DA. Thereby, the 
GR/Poly(Eb)/CPE sensor has not shown any interference current for the interference species. 
Hence, the GR/Poly(Eb)/CPE was more suitable for the determination of DA in practical 
applications. 

 

4. CONCLUSION 

In the present work, the eco-friendly, rapid and two steps methodology was used to 
fabricate the GR/Poly(Eb)/CPE chemical sensor. The fabrication of this sensor was achieved 
by electropolymerization of Eb molecules and followed by the drop casting of graphene onto 
the surface of CPE and this was confirmed by SEM analysis. The fabricated sensor 
GR/Poly(Eb)/CPE showed good linearity, sensitivity and low level detection limit. The sensor 
also exhibited excellent electro catalytic activity towards the simultaneous resolution of DA in 
presence of UA and FA. The fabricated electrode was successfully applied towards the 
determination of DA in injection sample with satisfactory recoveries. 
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