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Fabrication and Electrochemical Characterization of Dopamine 

Sensing Electrode Based on Modified Graphene Nanosheets 

M. Bagherzadeh,*
a
 S.A. Mozaffari

 b
 and M. Momeni

b 

Herein, by combining the unique electronic properties of graphene nanosheets (GNS) and Pt nanoparticles with the 

excellent properties of poly aniline (PANI), a nanocomposite of GNS/Pt/PANI was prepared and characterized by physical 

and chemical methods. Prepared GNS/Pt/PANI nanocomposite was applied for modification of a glassy carbon electrode 

(GCE) and served for detection of DA. The performance of the prepared GNS/Pt/PANI nanostructure was compared with 

the other similar nanostructure like GNS/PANI, CNT/Pt/PANI, GNS/CNT/PANI, and GNS/CNT/Pt/PANI. The results exhibited 

more favorable electron transfer kinetics and electrocatalytic activity towards the oxidation of DA respect to the AA. In 

optimized experimental and instrumental conditions, two linear calibration curves from 2.0 to 10 and 40 to 400 µM DA 

with slopes of 1.53 and 0.35 µA/µM, respectively, r=0.99, and the detection limit of 0.6 µM DA was observed at pH 7.4 for 

GNS/Pt/PANI/GCE. Prepared sensor showed good sensitivity, repeatability, and reproducibility in this work.

1. Introduction 
Dopamine (DA) is one of the most important natural 

catecholamine neurotransmitters in the mammalian brain, 

playing a significant role in the function of the central nervous, 

renal and hormonal systems. The abnormal levels of DA may 

result in several diseases and neurological disorders such as 

schizophrenia, Parkinson’s and Alzheimer’s diseases [1]. 

Various analytical techniques including capillary 

electrophoresis (CE), high performance liquid chromatography 

(HPLC), flow injection analysis and spectrophotometry have 

been used to determine DA [2-5]. Since neurotransmitters 

such as DA are electroactive, electrochemical methods appear 

to be suitable for their quantitative determination [6,7]. 

However, at regular solid electrodes, DA and its coexisting 

species ascorbic acid (AA) have an overlapping sensitive redox 

reaction based on the voltammetric response, resulting in 

rather poor selectivity and sensitivity [8]. Thus, it is desirable 

for diagnostic applications to develop simple and rapid method 

for the determination of DA with high selectivity and 

sensitivity. 

Nowadays new nanomaterials were served in construction of 

electrodes for electrochemical sensing [9-14]. One of the most 

important new materials is graphene. Graphene, a two-

dimensional sheet of carbon atoms bonded through sp
2
 

hybridization, has been considered as a “rising-star” carbon 

material. Graphene has been intensively researched because 

of its remarkable properties, such as large surface area, high 

electrical and thermal conductivities, high mechanical strength 

and potentially low manufacturing cost [15]. Compared to the 

other carbon allotropes, graphene has a higher surface area, 

more excellent electrical conductivity and electron mobility at 

room temperature [16,17]. The high surface area is helpful in 

increasing the surface loading of the target molecules on the 

surface. The excellent conductivity and small band gap are 

favorable for conducting electrons to/from biomolecules [18–

20].  

Conducting polymers, such as polyaniline (PANI), polypyrrole 

(PPY), poly(3,4-ethylenedioxythiophene) (PEDOT) and their 

composites, have also been widely used in electrode surface 

modifications [21-23]. Of these conducting polymers, PANI has 

attracted much attention due to its unique and controllable 

chemical and electrical properties, easily synthesis, 

biocompatibility, high electrochemical and environmental 

stabilities [24]. PANI finds important applications in solid 

electrolyte capacitors, energy storage systems, electrochromic 

devices, and electrochemical sensors. PANI also finds an 

important role in separation science, where it is used as ion-

exchange membranes, supported films, and surface layers for 

applications ranging from gas separation to electrodialysis. In 

most of the above-mentioned studies, electronic properties of 

PANI have been explored, whereas only a few applications are 

based on its ion-exchange properties [25]. 

In the present work, by combining the unique electronic 

properties of graphene nanosheets (GNS) and Pt nanoparticles 

with the above-mentioned excellent properties of PANI, a 

nanocomposite of GNS/Pt/PANI was prepared and 

characterized by physical and chemical methods. Prepared 

GNS/Pt/PANI nanocomposite was applied for modification of a 

glassy carbon electrode (GCE) and served for detection of DA. 

The other same nanocomposites like GNS/PANI, CNT/Pt/PANI, 
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GNS/CNT/PANI, and GNS/CNT/Pt/PANI were prepared and 

their performance on the detection of DA were compared with 

GNS/Pt/PANI. Among them, the GNS/Pt/PANI/GCE electrode 

exhibited favorable electron transfer kinetics and 

electrocatalytic activity towards the oxidation of DA in 

comparison to AA. Selective determination of DA was 

performed in the presence excess amount of AA at the 

GNS/Pt/PANI/GCE electrode, and DA was detected with good 

sensitivity and selectivity. 

 

2. Experimental 
2.1. Chemicals 

Dopamine, ascorbic acid, glucose, polyaniline, platinum, 

graphite powder (spectrum grade, average particle size of 4 

μm) and other materials used in this work were of analytical 

grade (Merck® or Aldrich®) and used without further 

purification. Phosphate buffer saline solutions (PBS) in the pH 

range of 2.0 to 8.5 were prepared using Smally's method [26]. 

The initial pH was ca. 2.1 for 0.1 M NaClO4 + 0.01 M H3PO4. All 

aqueous solutions were prepared with ultrapure water (>18 

MΩ) from a Milli-Q Plus system (Millipore).  

 

2.2. Synthesis of Graphene Oxide (GO) and Graphene Nanosheets 

(GNS) 

GO was synthesized from natural graphite powder according 

to a modified Hummers method [27]. Chemically converted 

GNS are prepared by reduction of GO [28]. 

 

2.3. Instruments 

The structure of the prepared GNS/Pt/PANI nanocomposite 

was studied by a low angle X-ray diffractometer (XRD, PHILIPS 

PW 1800 model) using CuKα radiation (λ=1.5406 A˚). 

Morphology and elemental analysis of the samples determined 

by scanning electron microscope (SEM) (Philips XL-30). 

Furthermore, the quantitative analysis of energy-dispersive X-

ray spectroscopy (EDX) was performed to identify chemical 

composition of nanocomposite layer. The shape and size of 

nanocomposites were identified by transmission electron 

microscopy (TEM) using a Philips-EM-2085 transmission 

electron microscope with an accelerating voltage of 100.0 kV.  

All electrochemical measurements including cyclic 

voltammetry (CV), differential pulse voltammetry (DPV) were 

carried out using Metrohm 797VA (Herisau, Switzerland). The 

CV experiments were carried out in a quiescent solution at 100 

mVs
-1

 in an electrochemical cell with 0.1 M PBS (pH 7.4). A 

three-electrode conventional cell including the modified GCE 

as working electrode, a large surface area Pt plate (99.99%) as 

the auxiliary electrode, and a Ag/AgCl (saturated KCl) electrode 

as the reference, was used for electrochemical measurements. 

All experiments were carried out at room temperature. 

 

2.4. Fabrication of the modified electrode  

The glassy carbon electrode (3 mm diameter) was polished to 

a mirror-like surface with 1.0 and 0.3 µm alumina slurry and 

washed thoroughly with ultrapure water. Afterwards, 8 µL of 

10 mg mL
-1

 GNS/Pt/PANI nanocomposite suspension, after 

ultrasonication in distilled ethanol to form a homogenous 

dispersion, was dropped to fully cover the surface of the 

polished electrode and dried at room temperature for 90 min. 

The GNS/Pt/PANI/GCE electrode was put in to 0.1 M PBS (pH 

5.0) for applying 5 cycles of cyclic voltammograms in a 

potential range from -0.5 to 1 V.  

Same procedure was applied for modification of GCE by other 

modifiers i.e. CNT/PANI, GNS/PANI, CNT/Pt/PANI, 

GNS/CNT/PANI, and GNS/CNT/Pt/PANI in addition to GNS, 

PANI and CNT.  

 

3. Results and discussion 
3.1. Characterization of GNS/Pt/PANI nanocomposite 

The XRD pattern of the GNS/Pt/PANI is shown in Fig. 1A. The 

GNS/Pt/PANI exhibited Bragg diffractions corresponding to the 

GNS [6]. The appearance of a wide peak around 2θ of 26° is 

corresponded to the characteristic (002) of GNS. The TEM was 

carried out for studying the size of GNS/Pt/PANI 

nanocomposite. The TEM images indicated the presence of Pt 

nanoparticles covered with PANI that dispersed on a GNS with 

an average size of 40 nm (Fig. 1B). 

The morphologies and elemental composition of GNS/Pt/PANI 

nanocomposite was also analyzed by the SEM and EDX 

analysis, respectively (Fig. 1C and D). As can be seen from the 

SEM image (Fig. 1C), morphology of bulk GNS/Pt/PANI 

nanocomposite is regular and their distribution is uniform. In 

the EDX spectrum (Fig. 1D) of GNS/Pt/PANI nanocomposite, 

the related peaks to C, O and Pt were observed. The presence 

of Pt in EDX pattern reflects nature of Pt nanoparticles. It 

worth to noted that the obtained results are in good 

agreement with observed results from the XRD pattern (Fig. 

1A). Finally, these results verified the successful synthesis of 

GNS/Pt/PANI nanocomposite. 

 

3.2. Electrochemical characterization of the GNS/Pt/PANI/GCE  

Fig. 2 shows the cyclic voltammograms (CVs) of the GCE, 

PANI/GCE, GNS/GCE, CNT/PANI/GCE, GNS/Pt/PANI/GCE, 

CNT/Pt/PANI/GCE, GNS/CNT/PANI/GCE and 

GNS/CNT/Pt/PANI/GCE in 1 mM DA with a scan rate of 100 

mVs
-1

. As can be seen the oxidation peak current of DA on 

GNS/Pt/PANI/GCE is larger than that on other modified 

electrodes. These results verify that the GNS/Pt/PANI can 

facilitate the electron transfer process and consequently  
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Fig. 1. (A) The XRD pattern, and the typical TEM (B) and SEM (C) images of GNS/Pt/PANI nanocomposite. (D) The EDX pattern 

from SEM image. 

enhance the electrochemical sensitivity of the modified 

electrode. In this study, the dramatic increase of current 

response was focused and then applied for ultrasensitive 

determination of DA. It is evident from Fig. 2 that the onset 

potential for GNS/Pt/PANI/GCE compared with the other 

modified electrodes shows a significantly lower onset potential 

with a shift to a more negative potential and lower over 

voltage, which is attributed to a synergistic effect of GNS, Pt 

and PANI in the electro-oxidation and consequently 

ultrasensitive determination of DA. 

Electrochemical response of AA in comparison to DA was 

shown in Figure 3 (A and B). As can be seen, a sharp wave with 

a high peak current for DA compare with AA was observed. 

Due to molecular structures of DA and AA the π-π interaction 

between phenyl structure of DA, and penta-heterocycle of AA, 

with PANI and GNS is different that led to easy arrival of DA 

molecules to the surface of GNS/Pt/PANI/GCE electrode [6]. 

3.3. Effects of the scan rate on the oxidation of DA 

The effect of scan rate (υ) on the electrocatalytic activity of 

GNS/Pt/PANI/GCE toward oxidation of DA was investigated by 

CV (Fig. 4, inset). It can be seen that both the peak potentials 

(Epa) and peak currents (Ipa) are dependent on the scan rate. 

For DA, the redox peak currents gradually increase as the scan 

rate increases, and a linear relation (Fig. 4) between the anodic 

and cathodic currents and the square root of scan rates at the 

range of 10–400 mV s
-1

 was observed. The linear equations 

according to Fig. 4 are expressed as follows: 

Ip(µA)= 1.36 υ
1/2

(mV/s)-35.20(DA) 

with linear relative coefficient of 0.99. The above results 

indicate that the oxidation of DA on GNS/Pt/PANI/GCE is a 

diffusion-controlled process. In addition, the electrode 

reactions of DA are quasireversible as the redox peaks 

potentials vary with the scan rates [29]. 
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Fig. 2. Cyclic voltammograms of the GCE, PANI/GCE, GNS/GCE, 

CNT/PANI/GCE, GNS/Pt/PANI/GCE, CNT/Pt/PANI/GCE, 

GNS/CNT/PANI/GCE and GNS/CNT/Pt/PANI/GCE in 0.1 M PBS 

(pH 7.4) containing 1 mM DA at the scan rate of 100 mVs
-1

. 

 

Scheme 1. The schematic represent oxidation/reduction 

process of DA

 

3.4. Effect of pH on the oxidation of DA 

The effects of solution pH on the peak potentials and peak 

currents of DA oxidation were studied by CV, and presented as 

Fig. 5A and B, respectively. As shown in Fig. 5A, the oxidation 

potential shifts negatively with an increase in the solution pH. 

A potential-pH diagram was constructed by plotting the Ep 

values as a function of pH (Fig. 5A). This diagram is composed 

of a straight line with slope as 0.061 mV/pH. Such behavior 

suggests that it obeys the Nernst equation for a two electron 

and two proton transfer reaction, as represented in scheme 1 

and reported in the literature [30,31].  

The oxidation peak currents of DA decreased as the pH value 

increased (Fig. 5B). The pH value of human blood and urine is 

close to 7.4, thus 0.1 M PBS solution with pH=7.4 was chosen 

for simultaneous determination of DA, because in this pH, the 

peak intensity for AA was lowest also. 

 

3.5. Optimization of the electrode modification 

At first, a homogeneous nanocomposite solution containing 

GNS, PANI and Pt was freshly prepared. In this study, GNS was 

used to increase the surface area and electrochemical 

sensitivity of the system. PANI (emeraldine salt) was used as a 

conducting matrix to generate the conducting nanocomposite  

Fig.3. Cyclic voltammograms (A) and differential pulse 

voltammograms (B) curves of 1 mM DA and 1 mM AA in 0.1 M 

PBS (pH 7.4) at GNS/Pt/PANI/GCE electrode. Blank is 0.1 M PBS 

(pH 7.4) 

 

and improve the dispersibility of graphene in the 

nanocomposite solution. Recently, it has been reported that 

doping PANI with carbon based nanomaterials (e.g. CNTs or 

graphene) can remarkably enhance both the electrocatalytic 

activity and mechanical strength, leading to improved 

performance of these nanocomposite electrodes [32,33], and 

Pt is used to increase the electron transfer (ET) kinetics and 

electrocatalytic activity. The loading amount of GNS/Pt/PANI 

has a profound influence on the electrochemical response. The 

effects of the modifier on the electrochemical sensitivity of the 

GNS/Pt/PANI modified electrodes was investigated by 

differential pulse voltammetry using the commonly used 1.0 

mM DA in 0.1 M PBS (pH 7.4). As shown in Fig. 6, the anodic 

peak currents increased rapidly upon increasing the loading 

amount of modifier from 2 to 8 µl, which verifies that 

incorporating GNS/Pt/PANI significantly improves their 

electrical conductivities. However, the anodic peak currents  

 

Fig. 4. Anodic and cathodic peaks current as a function of 

square root of scan rate measured on the GNS/Pt/PANI/GCE 

electrode. Inset is cyclic voltammograms of 1.0 mM DA in 0.1 

M PBS (pH 7.4) at the scan rates inner to outer; 10, 20, 50, 100, 

150, 200, 250, 300, 350, 400 mVs
-1

 on the GNS/Pt/PANI/GCE 

electrode.  
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Fig. 5. Dependence of the (A) anodic peak potentials and (B) 

anodic currents as a function of the solution pH for 1 mM DA 

in 0.1 M PBS. 

 

tend to decrease from 8 to 20 µl, which suggests a hindered 

mass transfer process. This decrease in current was probably 

caused by the agglomeration of nanocomposite on the GCE, 

which results in a decreases electrochemical response. 

Therefore, an 8µl of modifier was chosen for subsequent 

studies. 

3.6. Optimization of the Instrumental Parameters 

The peak current of differential pulse voltammograms are also 

dependent to the instrumental parameters. The instrumental 

parameters are interrelated and can be optimized by 

monitoring the peak current as a function of studying 

parameter values, while other parameter are fixed. After a 

careful examination, the set of pulse amplitude (350 mV), 

voltage step (3 mV), voltage step time (0.3 s), and pulse time 

(10 ms) were found as optimized values for instrumental 

parameters. 

 

3.7. Calibration and Detection Limit 

The calibration curve (Fig. 7) was obtained under optimized 

conditions by systematically increasing the concentration of  

Fig.6. Effect of the loading amount of GNS/Pt/PANI on the 

peak current in 1 mM DA.  

Fig. 7. (A) Calibration curve obtained from variation of the DPV 

anodic peak current as a function of DA concentration. (B) The 

differential pulse voltammograms obtained on the 

GNS/Pt/PANI/GCE in PBS (pH 7.4) containing different 

concentrations of DA; bottom to top: 0.0, 1.0×10
-6

, 2.0×10
-6

, 

5.0×10
-6

, 1.0×10
-5

, 1.5×10
-5

, 2.0×10
-5

, 3.0×10
-5

, 4.0×10
-5

, 

6.0×10
-5

, 8.0×10
-5

, 1.0×10
-4

 M DA. DPV conditions were as: 

voltage step (0.003 V), pulse amplitude (0.035 V), voltage step 

time (0.3 s) and pulse time (0.01 s). 

 

DA from 2.0×10
-6

 to 1.0×10
-4

 M in the 0.1 M PBS (pH 7.4) and 

monitoring the response by DPV. In optimized experimental 

and instrumental conditions, two linear calibration curves from 

2.0 to 40 and 40 to 100 µM DA with slopes as 1.53 and 0.35 

µA/µM, respectively, r
2
 = 0.99 were obtained. The detection 

limit (D.L.) of this electrode, was calculated from the standard 

deviation of the background (signal equals 3δ of the 

background noise), was 0.6 µM DA, with the relative standard 

deviation (RSD, n = 4) as 0.9% for 5.0×10
-5

 M DA. The 

reproducibility of the GNS/Pt/PANI/GCE was evaluated by RSD, 

n = 4, of the DA with different electrodes. The RSD of 6.0% was 

obtained at 5.0×10
-5

 M DA. These results indicated the good 

and acceptable reproducibility and repeatability of the 

electrode. 

In Table 1, the linear range and detection limit of the proposed 

modifier are compared with the corresponding values 

reported for the detection of DA by using other graphene 

materials. From the data given in Table 1 it is immediately 

obvious that the linear range and detection limit of the used 

nanocomposited is comparable to those reported before8-15. 

The linear range of our calibration curve, extended to more 

than two orders of magnitude, is comparable with the other 

references mentioned here. 
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Table 1. Comparison of present work and previous study that use graphene materials for determination of dopamine. 

 

We define the interfering effect as the concentration of 

interfering species that can change the electrode response 

toward the DA by more than 3SA, where SA is standard 

deviation of the replicate DA measured signals. The 

interference of some common interferes on DPV response of 

the GNS/Pt/PANI/GCE in 5.0×10
-5

 M DA was investigated. 

Sucrose in 2000-fold, glucose in 400-fold, Na
+
 in 20-fold, uric 

acid and Ca
2+

 in 8-fold, Mg
2+

 in 4-fold, glycine in 3-fold, and 

cystine and cysteine in equal of the DA concentration did not 

affect the signal obtained for DA using DPV. 

 

4. Conclusion 
In this work, combining the unique electronic properties of 

graphene nanosheets with the excellent properties of PANI, 

show excellent sensitivity and selectivity towards DA. The 

modified electrode can also eliminate the interference of 

ascorbic acid effectively. The GNS/Pt/PANI film is expected to 

be an ideal electrode modification material for 

electrochemically detection of DA. In optimized experimental 

and instrumental conditions, two linear calibration curves from 

2.0 to 10 and from 40 to 400 µM DA with slope as 3.60 and 

0.05 µA/µM, respectively, r=0.99, and the detection limit as 

0.6 µM DA was observed at pH 7.4 for GNS/Pt/PANI/GCE. 

Prepared sensor showed good sensitivity, repeatability, and 

reproducibility in this work. 
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