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A novel multifunctional biosensor was prepared by dropping graphene on the 2-Amino-thiazol (AT) 

film at glassy carbon electrode (GCE). The surface morphology of graphene, AT and graphene-AT 

film modified GCE has been examined by using SEM and AFM. The advantages of proposed film 

were demonstrated for the determination of H2O2 reduction using amperometric, DA and UA oxidation 

using differential pulse voltammetry. The graphene-AT/GCE as a multifunctional biosensor exhibited 

a linear response range for H2O2 determine (from 1.010
-5

 to 3.110
-4

 M), low detection limit (10
-6

 

M), high sensitivity (1.73 mA mM
-1

 cm
-2

) and the relative standard deviation (RSD %) less than 2% (n 

= 5). Similarly, the multifunctional biosensor can simultaneously determine the DA and UA with the 

interference of AA. For the linear response range of DA and UA were from 510
-6

 to 2.510
-5

 M and 

2.510
-6

 to 1.2510
-4

 M. In addition, the multifunctional biosensor by graphene-AT film modified 

GCE was advantageous in terms of its simple preparation, specificity, stability and selectivity. 

 

 

Keywords: Graphene; 2-Amino-thiazol; Multifunctional biosensor; Hydrogen peroxide; Dopamine; 

Uric acid, Electrochemical, Sensors, modified electrodes. 

 

 

1. INTRODUCTION 

Biosensor has become one of the most important methods in industrial process control, 

environmental monitoring, and different applications in medicine and biotechnology. The use of bare 

electrodes in such analysis has numerous limitations such as high overpotential, slow electron transfer 
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reaction, low sensitivity, lack of reproducibility, poor stability and selectivity [1－6]. Fabricate a good 

biosensor represent the development and exploitation of analytical devices for detection, quantification 

and monitoring of specific chemical species for clinical, environmental and industrial analysis [7]. In 

recent years, it would be interesting to perform a multifunction biosensor, such as the determination of 

H2O2 and glucose by histidine/nickel hexacyanoferrate nanotube film [8], carbon 

nanotube/chitosan/gold nanoparticles film [9], cobalt hexacyanoferrate nanoparticles/gold 

nanoparticles/multiwalled carbon nanotubes [10] and the determination of H2O2, ascorbic acid (AA), 

dopamine (DA) and uric acid (UA) [11]. Therefore, for many applications, it is necessary to fabricate 

an inexpensive multifunctional biosensor with redox active thin films for analytical applications of 

oxidation and reduction side. A variety of compounds have been used for the modification of electrode 

surfaces with different procedures. 

Dopamine (DA), AA and uric acid (UA) usually coexist in human biological system, and are 

important molecules for physiological processes in human metabolism. There are several reports 

available about the use of modified electrodes for the simultaneous determination of AA, DA and UA 

[12－16]. It is known that at a bare electrode, the oxidation of AA, DA and UA takes place nearly at 

the same potential, which results in overlapping voltammetric responses making their discrimination 

highly difficult [17－18].  

The selective and sensitive detection of hydrogen peroxide (H2O2) has been an important topic 

of research for decades due to its wide use in many fields, which includes food production [19－21], 

clinical applications [22], oxidation of organic compounds [23－25] and fuel cells [26－30]. In 

addition, H2O2 is the product of reactions catalyzed by a large number of oxidases. Therefore, 

determination of H2O2 concentration is practically important in the field of biosensor development in 

order to correlate its concentration to the concentration of target molecules [31－35]. 

In the present work, a novel and stable graphene-AT film modified electrode was prepared by 

the electro-polymerization of 2-Amino-thiazol (AT) on GCE and dropped graphene on AT/GCE as a 

graphene-AT/GCE multifunctional biosensor. The interference of AA with DA and UA catalysis was 

studied at the graphene-AT film modified electrode. Differential pulse voltammetry and amperometric 

techniques were used to study the oxidation of DA, UA and the reduction of H2O2. 

 

2. EXPERIMENTAL 

2.1. Materials 

2-Amino-thiazol (AT) was purchased from Sigma-Aldrich (USA). Graphene (average particle 

size = 18 nm) was purchased from Graphene-Supermarket (USA). Double distilled deionized (DDDI) 

water was used to prepare all solutions. The AT film was prepared by electrochemical polymerization, 

using 0.1 M H2SO4 as supporting electrolyte and the graphene-AT modified electrode tests was 

prepared using 0.1 M phosphate buffer solution (PBS) as supporting electrolyte (pH 7.0). Pure nitrogen 

was passed through all the experimental solutions. All the chemicals used were of analytical grade. 
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2.2. Apparatus 

All electrochemical experiments were performed using a CHI 410a potentiostat (CH 

Instruments, USA). The Bioanalytical Systems (BAS) glassy carbon electrode (GCE; diameter 0.3 cm, 

exposed geometric surface area 0.07 cm
2
; Bioanalytical Systems, Inc., USA) was used. A conventional 

three-electrode system was used; it comprised a Ag/AgCl (saturated KCl) reference electrode, 

AT/GCE, graphene/GCE and graphene-AT/GCE modified electrodes, and a bare GCE electrode, as 

working electrodes, and platinum wire as counter electrode. Electrochemical impedance studies (EIS) 

were performed using a ZAHNER impedance analyzer (Germany). The atomic force microscope 

(AFM) images were recorded using a multimode scanning probe microscope (Being Nano-Instruments 

CSPM-4000, China). Field emission scanning electron microscope (FE-SEM) images were recorded 

using a HITACHI S-4700 (Japan).  

 

2.3. Preparation of Sample and Hybrid Film Modified Electrode 

Prior to the electrochemical deposition process, the GCE was well polished with aqueous 

slurries of alumina powder (0.05 m), using a BAS polishing kit, then rinsed and ultrasonicated in 

DDDI water. To have functional carboxylic group, the acidic treatment of graphene is necessary and 

has following procedure: 

 

Step 1: Baking graphene to carbonate impurity in the oven at 350 
◦
C for 1 h. 

Step 2: Baking graphene in hydrochloric acid (12M) to be dried out, keeping graphene in 

DDDI water with ultrasonic dispersion for 4 h after. 

Step 3: Repeatedly filtering graphene by filter (porosity = 200 nm) in the ultrasonic and DDDI 

water by 0.1 M PBS (pH 7). 

Step 4: Drying the neutralized graphene in the oven at 100 
◦
C for 1h. 

Step 5: Keeping graphene in the acidic solution containing sulfuric acid (18M) and nitric acid 

(18M) (v/v% = 3:1) by ultrasonic dispersion for 6 h. 

Step 6: Repeatedly filtering graphene by filter (porosity = 200 nm) in the ultrasonic and DDDI 

water till neutral condition (pH 7). 

Step 7: The neutralized graphene is dried out in the oven at 60 ◦C for 1 h. 

Step 8: Finally, the carboxylic is kept in DDDI water to be added on electrode surface. 

 

The inset of Fig. 1A shows the electrochemical polymerization of AT film at GCE in 0.1 M 

H2SO4 solution containing 1 mM AT between -1.5 and +2.0 V, at the scan rate of 0.1 V/s for eight 

cycles. The AT/GCE was washed with deionized water and dried for 5 min. After polymerization, the 

carboxylic graphene was added on AT/GCE and dry out to form the graphene-AT/GCE. The graphene-

AT/GCE was treated with 0.1 M PBS (pH 7.0) solution by repeated cycling in the potential range –0.2 

to +1.0 V, at the scan rate of 0.1 V/s, until a stable cyclic voltammogram (CV) was obtained. 
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3. RESULT AND DISCUSSION 

3.1. Electrochemical properties of graphene-AT film modified GCE 

Fig. 1A shows the comparison of cyclic voltammogram of (a) graphene-AT/GCE, (b) 

graphene/GCE, (c) AT/GCE, and (a’) bare GCE in 0.1M PBS (pH 7), respectively. However, (a) 

graphene-AT film shows interesting redox couples type which is different from those of unique (b) 

graphene and (c) AT films.  

 

 

 

Figure 1 (A) CVs of (a) graphene-AT/GCE, (b) graphene/GCE, (c) AT/GCE and (a’) bare GCE in 0.1 

M PBS (pH 7.0). Inset: CVs of the GCE by consecutive sweeps in 0.1 M H2SO4 solution 

containing 1 mM AT between -1.5 and +2.0 V. Scan rate = 0.1 V/s. (B) Results of different 

scan rate studies of a graphene-AT/GCE in 0.1 M PBS (pH 7.0). Scan rate in the range of a-j: 

0.1-1 V/s. Insets: plot of anodic and cathodic peak current vs. scan rate. 
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The oxidation and reduction peaks of graphene-AT/GCE are separated as 331 and 77 mV. 

When comparing the magnitude of current in 0.1 M PBS (pH 7.0), the current was observed for (a) 

graphene-AT/GCE was higher than (b) graphene/GCE, (c) AT/GCE and (a’) bare GCE. In the same 

buffer solution, there are no obvious response at curve (b) graphene/GCE, (c) AT/GCE and (a’) bare 

GCE. All the above results indicate that the graphene-AT film modified GCE shows a stable and 

higher current in 0.1 M pH 7.0 PBS. 

The graphene-AT film modified GCE is employed for different scan rate studies in 0.1 M PBS 

(pH 7.0). Fig. 1B exhibits the different scan rate studies of graphene-AT film modified GCE in the 

range of (a) 10, (b) 20, (c) 30, (d) 40, (e) 50, (f) 60, (g) 70, (h) 80, (i) 90, (j) 100 mV/s. As expected, 

the cyclic voltammograms of graphene-AT modified GCE exhibited anodic peaks at +0.34 V, +0.46 V, 

+0.51, +0.66 V and cathodic peak at +0.09 V vs. Ag/AgCl/KClsat. The inset of Fig. 1B shows the plot 

of graphene-AT film signal of anodic and cathodic peak current vs. the scan rate. The corresponding 

linear regression equations were found as Ipa (µA) = 0.233v (V/s)  1.43, R
2
 = 0.9993 and Ipc (µA) = –

0.221v (V/s)  0.31, R
2
 = 0.9995. This observation indicates that the electron transfer process 

involves a surface confined species and the charge transfer is fast in the coating [35]. 

 

3.2 pH effect and EIS analysis 

Fig. 2A shows cyclic voltammograms of graphene-AT film modified electrode of different pH 

values: (a) pH 1, (b) pH 3, (c) pH 5, (d) pH 7, (e) pH 9, (f) pH 11 and (g) pH 13. The E
0’

 of the redox 

couple (Epa + Epc)/2 was found to shift more negative potential direction and peak currents decreases 

with increasing pH value. The inset of Fig. 2A shows the plot of E
0’

 vs. the pH value and has a slope of 

−67 mV per pH for graphene-AT film. The E
0’

 is close to the anticipated Nernstian value of −59 

mV/pH for electrochemical processes involving the same numbers of proton and electron transfer.  

Next the electrochemical activity of the graphene-AT/GCE has been examined using EIS 

technique. Here the complex impedance can be presented as a sum of the real, Z’ (), and imaginary 

Z’’ (), components that originate mainly from the resistance and capacitance of the cell. From the 

shape of an impedance spectrum, the electron-transfer kinetics and diffusion characteristics can be 

extracted.  

The respective semicircle parameters correspond to the electron transfer resistance (Ret) and the 

double layer capacity (Cdl) nature of the modified electrode. As shown in Fig. 2B, curve (a) indicates 

the Nyquist plot of graphene-AT/GCE, (b) graphene/GCE, (c) AT/GCE and (a’) bare GCE in the 

presence of 5 mM K3[Fe(CN)6]/K4[Fe(CN)6] in PBS (pH 7.0).  

The graphene/GCE shows a small depressed semi circle arc with an interfacial resistance due to 

the electrostatic repulsion between the charged surface and probe molecule Fe(CN)6
3−/4−

. This 

depressed semi circle arc (Ret = 0.38 (Z’/K)) clearly indicates the lower electron transfer resistance 

behavior comparing with the graphene-AT/GCE (Ret = 0.42 (Z’/K)), the AT/GCE (Ret = 0.65 

(Z’/K)) and bare GCE (Ret = 0.73 (Z’/K)). These results clearly illustrate the electrochemical 

activities of the graphene-AT, graphene, AT films modified GCE and bare GCE, respectively.  
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Figure 2. (A) Cyclic voltammograms of graphene-AT/GCE tested with various pH conditions 

including pH= (a) 1, (b) 3, (c) 5, (d) 7, (e) 9, (f) 11 and (g) 13, scan rate = 0.1 V s
-1

. Inset: plot 

of formal potential of graphene-AT/GCE vs. pH values. (B) Electrochemical impedance spectra 

of (a) graphene-AT/GCE, (b) graphene/GCE, (c) AT/GCE, and (a’) bare GCE tested in 0.1 M 

PBS solution (pH 7) containing 510
-3

 M K3[Fe(CN)6]/K4[Fe(CN)6]. 
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3.3 AFM and SEM Analysis of graphene-AT Film 

The surface morphology of electro polymeration AT, graphene and graphene-AT films has 

been examined using AFM and SEM.  

 

 
 

Figure 3. SEM image of a (A) graphene film on a GCE, (B) AT film on a GCE, (C) graphene-AT film 

on a GCE and Tapping mode AFM image (2D) of (D) graphene film on a GCE, (E) AT film on 

a GCE, (F) graphene-AT film on a GCE.  

 

Here the studies clearly give the information about the surface morphology of grpahene-AT 

film coated on the GCE surface. The AFM parameters have been evaluated for 3000×3000 nm surface 

area by tapping mode. As shown in Fig. 3, the surface morphology of graphene/GCE (A & D), 

AT/GCE (B & E), and graphene-AT/GCE (C & F) was examined with by SEM and AFM, respectively. 
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By the AFM images (shown in Fig. 3D–F), the significant average diameter of graphene film, AT film, 

and graphene-AT film was found 42.6 nm, 36.6 nm, and 43.8 nm, respectively. From SEM images, it 

is difficult to distinguish the surface morphology of AT/GCE and graphene-AT/GCE. These films 

modified electrodes have unique features and can be recognized by different surface morphology. By 

comparison of roughness of these films, graphene (21.3 nm) is obviously bigger than that of AT (7.12 

nm) and graphene-AT (7.56 nm). Finally, the above results clearly illustrate the surface nature of 

graphene, AT and graphene-AT film on the GCE surface. 

 

3.4 Electrocatalytic Properties of graphene-AT Film 

3.4.1 Electrocatalytic reduction of hydrogen peroxide at various modified electrode 

 
 

Figure 4. (A) CVs of (a) graphene-AT/GCE, (b) graphene/GCE, (c) AT/GCE and (a’) bare GCE in 0.1 

M PBS (pH 7.0) containing 10
-4

 M H2O2. (B) Amperometric responses of H2O2 (each 10 M) 

tested by graphene-AT/GCE in 0.1 M PBS (pH 7), rotating speed = 1000 rpm, Eapp. = –0.6 V. 

Insets: the corresponding calibration plot with the concentration of H2O2 between 110
-5

 to 

3.110
-4

 M. 
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The electrocatalytic reduction of hydrogen peroxide (H2O2) is studied and compared with 

different film modified electrodes in the deoxygenating PBS solution by voltammetry. Fig. 4A shows 

the cyclic voltammograms of (a) graphene-AT/GCE, (b) graphene/GCE, (c) AT/GCE, and (a’) bare 

GCE examined in 0.1 M PBS (pH 7) solution containing 10
-4

 M H2O2, respectively. The proposed 

composite, (a) graphene-AT/GCE, shows high electrocatalytic reduction current for H2O2 comparing to 

other electrodes. By comparison, the graphene-AT film shows the unique electrocatalytic ability of 

lower over-potential and higher electrocatalytic current better than that of graphene/GCE, AT/GCE 

and bare GCE. It represents graphene-AT film has potential to develop a H2O2 sensor. 

The graphene-AT/GCE is applied in 0.1 M PBS solution (pH 7) with the sequential additions 

of H2O2 by amperometry. Fig. 4B shows the amperometric responses of sequential additions of 

standard H2O2 (each 10
 
M) and tested by nano-Au-PEDOT/GCE in 0.1 M PBS (pH 7), respectively, 

rotating speed = 1000 rpm, Eapp. = –0.6 V. It could be found linearly dependence between 

amperometric current and H2O2 concentration (shown in the inset of Fig. 4B) during 400－3500 s. For 

the H2O2 detection, the sensitivity of graphene-AT/GCE was 1.73 mA mM
-1

 cm
-2

 and the linear 

concentration range of H2O2 was from 110
-5

 to 3.110
-4

 M with a correlation coefficient of 0.9973. 

The detection limit was 110
-6

 M with a ‘signal-to-noise ratio’ of 3. Hence, graphene-AT/GCE for the 

detection of H2O2 also has a higher sensitivity.  

 

3.4.2 Electrocatalytic oxidation of DA and UA at various modified electrode 

The electrocatalytic oxidation of AA, DA[36], and UA mixture is studied by cyclic 

voltammetry and compared with different film modified electrodes in the deoxygenating PBS solution. 

Fig. 5A shows the electrocatalytic oxidation cyclic voltammograms of AA, DA, and UA mixture 

containing 1×10
−5

 M AA, 1×10
−5

 M DA, and 5×10
−5

 M UA by (a) graphene-AT/GCE, (b) 

graphene/GCE, (c) AT/GCE and (a’) bare GCE electrodes, respectively. In the AA, DA, and UA 

mixture in pH 7.0 PBS, there are only two oxidation peaks of DA and UA at graphene-AT/GCE. 

Compare with graphene/GCE (curve (b)), it also shows two oxidation peaks of DA and UA but the 

current response is relatively lower than graphene-AT/GCE. Similarly, (c) AT/GCE and (a’) bare GCE 

electrode which always show only one electrocatalytic peak of about 0.23 V and 0.41 V for AA, DA, 

and UA mixture during scanning potential range from −0.2 to 1.0 V. Significant electrocatalytic 

potential and current were observed by these film modified electrodes. Particularly, graphene-AT/GCE 

only has oxidation current response for DA and UA, but no oxidation current response for AA. It 

means that graphene-AT/GCE has its specific electrocatalytic property with higher electrocatalytic 

oxidation current for DA and UA in the presence of AA, DA and UA mixture.  

As shown in Fig. 5B, the individual electrocatalytic oxidation of DA and UA were investigated 

using differential pulse voltammetry (DPV). The graphene-AT/GCE reduces the anodic over potentials 

and exhibits well-defined anodic peaks for DA and UA oxidation (0.206 and 0.348 V) and the peak 

separations between DA and UA (0.142 V) is sufficient enough to exhibit them as a well-defined three 

separate peaks. Further the simultaneous determination of DA and UA concentrations was in the linear 
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range of 0–2.5×10
−5

 and 0–1.25×10
−4

 M, respectively. Here all the oxidation peak currents increase 

linearly with respect to their increasing concentrations.  

 

 
 

Figure 5. (A) CVs of (a) graphene-AT/GCE, (b) graphene/GCE, (c) AT/GCE and (a’) bare GCE in 0.1 

M PBS (pH 7.0) containing 1×10
−5

 M AA, 1×10
−5

 M DA, and 5×10
−5

 M UA. (B) Differential 

pulse voltammetry of graphene-AT film for the detection of DA and UA in 0.1 M PBS (pH 

7.0). Inset: calibration plot of oxidation current vs. concentration of (I) DA were in the range of 

(a – f): 0, 5, 10, 15, 20 and 25 M. (II) UA concentrations were in the range of (a – f): 0, 25, 

50, 75, 100 and 125 M. 
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From the calibration plots the linear regression equations for DA and UA were expressed as Ipa 

(A) = 0.5856C (10
−6

 M)12.193, R
2
 = 0.994 and Ipa (A) = 0.0885C (10

−6
 M)13.983, R

2
 = 0.9955, 

as show in the inset (I) and (II) of Fig. 5B. The relative standard deviation (% RSD) for all the 

determination on the graphene-AT/GCE was less than 2.0% which shows the efficiency and linear 

nature of graphene-AT/GCE. Finally, from these DPV results, it can be concluded that the graphene-

AT/GCE is a suitable mediator for the simultaneous determination of DA and UA with AA 

interference. 

 

3.4.3 Selective detection of dopamine and uric acid 

 
 

Figure 6. (A) CVs of graphene-AT/GCE in 0.1 M PBS (pH 7.0) with the mixture of 110
-5

 M AA, 

DA and various concentrations of UA. UA concentration: (a) 5, (b) 45, (c) 70, (d) 100 and (e) 

125 M. Inset: calibration plot of oxidation current vs. concentration of UA. (B) CVs of 

graphene-AT/GCE in 0.1 M PBS (pH 7.0) with the mixture of 110
-5

 M AA, 510
-5

 M UA 

and various concentrations of DA. DA concentration: (a) 0, (b) 2, (c) 5, (d) 10, (e) 15, (f) 20 

and (g) 25 M. Inset: calibration plot of oxidation current vs. concentration of DA.  
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Fig. 6A exhibits the CVs of UA in the presence of 110
-5

 M AA and DA in PBS (pH 7.0) at 

the graphene-AT/GC electrode. The voltammetric peak corresponding to the oxidation of UA was 

found increased linearly in consonance with the increase of the bulk concentration of UA whereas no 

current response for AA and slightly decrease the current response of DA. The inset of Fig. 6A shows 

that the linearly calibration plot for UA with a slope of 1.19 mA mM
-1

 cm
-2

. By the same way, Fig. 6B 

shows the CVs response of the graphene-AT/GC electrode in the presence of 110
-5

 M AA and 

510
-5

 M UA in PBS (pH 7.0) and continues addition of DA. The inset of Fig. 6B shows that the 

calibration plot for DA was linear with a slope of 27.2 mA mM
-1

 cm
-2

. The voltammetric peak 

corresponding to the oxidation of DA was found increase linearly with continues addition of DA, 

whereas no current response was observed for AA but a slight increase in the peak current of UA. The 

above results confirmed that the responses of DA and UA at the graphene-AT/GC electrode are 

independent even AA is present.  

 

3.5. Stability and Reproducibility of graphene-AT/GCE multifunctional biosensor 

The reproducibility of the biosensor was examined by measuring H2O2, DA and UA, and the 

relative standard deviation was less than 2.0 (n = 5). It was indicated that the multifunctional biosensor 

possess good reproducibility. In addition, the catalytic current responses for H2O2, DA and UA at 

graphene-AT/GCE were tested in pH 7.0 PBS containing H2O2, DA and UA before and after 

continuously stirring the buffer solution for 30 min. The electrode current had no significant change 

before and after stirring the solution; this test indicate that reproducible results can be obtained at 

graphene-AT/GCE. The stability of graphene-AT/GCE was then investigated by storing it at room 

temperature in the presence and absence of PBS (pH 7.0). It was stable for one month but thereafter 

there was a gradual decrease (10%) in the current values. When the graphene-AT/GCE stored for one 

week in pure PBS (pH 7.0), the current response of H2O2, DA and UA were decreased less than 9% of 

the initial current. These results suggest that the graphene-AT/GCE has high stability and good 

reproducibility. 

 

 

 

4. CONCLUSIONS 

Here we report an electrochemical method to form a stable graphene-AT film modified on 

GCE. The electrochemical behaviors and surface analysis of graphene-AT, graphene and AT films 

have been studied by voltammetry, EIS, SEM and AFM. The formal potential of graphene-AT film 

was found -67 mV/pH and similar to the Nernstian equation involved the same numbers of proton and 

electron transfer. Furthermore, graphene-AT/GCE can be a multifunctional biosensor and provides 

good sensitivity, selectivity and stability for H2O2, DA and UA with AA interference. 
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