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Abstract: In this paper nitrogen-doped graphene (NG) nanosheets were used as the modifier on the surface of glassy carbon electrode (GCE). 
The modified electrode (NG/GCE) was further applied to the sensitive detection of dopamine (DA) by voltammetric method. Due to the unique 
properties of NG such as large surface area and excellent electrocatalytic activity, electrochemical response of DA was greatly enhanced on 
NG/GCE with a pair of well-defined redox peaks appeared on cyclic voltammogram. Electrochemical behaviors of DA on NG/GCE were carefully 
investigated with the electrochemical parameters calculated. Under the selected conditions the oxidation peak currents of DA had a good linear 
relationship with its concentration in the range from 8.0 ×10–7 mol L–1 to 8.0 ×10–4 mol L–1 with a detection limit of 2.55 ×10–7 mol L–1 (3σ). The 
proposed method was further applied to the DA injection samples determination with satisfactory results. 
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INTRODUCTION 
S a two-dimensional carbon nanomaterial with an 
atomically thick honeycomb lattice, graphene (GR) 

has aroused great interests due to its unique properties 
such as big surface area, high electrochemical conductivity 
and good biocompatibility.[1,2] Also GR can be used as the 
matrix for the synthesis of different kinds of composite ma-
terials. GR and GR-based composites have been synthe-
sized and used in various fields such as biosensor, lithium 
ion batteries, fuel cells and supercapacitors.[3,4] Due to the 
specific electrochemical characteristics of GR, the presence 
of GR and its related materials on the electrode surface can 
provide a high conductive interface with electrocatalytic ac-
tivity, which can accelerate the electron transfer rate.[5,6] 
The applications of GR and its related composite in the elec-
trochemistry had been reviewed recently.[7,8] 
 Recently nitrogen-doped graphene (NG) has been used 
in the field of electrochemistry and molecular sensing.[9,10]  

As an important strategy to tailor the structure and pro-
perties of GR, chemical doping GR can be realized by dif-
ferent synthetic methods.[11] Because nitrogen atom has 
comparable atomatic size and contains five valence elec-
trons available to form strong valence bonds with carbon 
atoms, NG exhibits different properties as compared with 
that of the pristine GR. There are three commonly bonding 
configurations of nitrogen atom that could be found in NG, 
that is pyridinic N, porrolic N and graphitic N.[12] Wang et al. 
reviewed the recent progresses of NG and its potential ap-
plications.[13] Shao et al. applied NG in the electrochemical 
applications such as electrochemical energy devices and bi-
osensors.[14] Wang et al. applied NG in electrochemical bio-
sensing for glucose.[15] Sun et al. fabricated a NG modified 
carbon ionic liquid electrode for the detection of rutin.[16] 
Therefore NG has the potential applications in the fields of 
electrochemistry and electrochemical sensor. 
 Dopamine (DA) is a kind of biogenic amine that acts 
as neurotransmitter in the physiological system. It has been 
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widely studied due to its important functions in renal, car-
diovascular, hormonal and nervous systems.[17] Because of 
the electroactivity of DA in the biological samples, elec-
trochemical detection of DA has gained increasing atten-
tions.[18] Kan et al. applied a multi-walled carbon nanotube 
composite with homogeneous molecularly imprinted poly-
mers outer layer modified glassy carbon electrode (GCE) for 
the recognization of DA in presence of ascorbic acid (AA).[19] 
Oztekin et al. used a copper nanoparticles (CuNP) modified 
GCE for the selective determination of DA in the presence 
of AA, uric acid and p-acetamidophenol.[20] Niu et al. applied 
a 3,4,9,10-perylene tetracarboxylic acid functionalized GR 
sheets/multi-walled carbon nanotubes/ionic liquid modi-
fied electrode for the DA detection.[21] These electrochemi-
cal sensors with different kinds of modifiers have exhibited 
the advantages including cheap instruments, fast response, 
low cost, high sensitivity and good selectivity. 
 In this paper NG nanosheet was used to modify the 
commonly used GCE and the fabricated NG/GCE was fur-
ther applied to the sensitive electrochemical detection of 
DA. Due to the electrocatalytic activity of NG with its unique 
structure and large surface area, DA exhibited an enhanced 
electrochemical response on NG/GCE with a pair of well-
defined redox peaks appeared. Electrochemical behaviors 
of DA were carefully investigated on NG/GCE with the elec-
trochemical parameters calculated. The proposed method 
was further applied to the DA injection samples detection 
with satisfactory results. 
 

EXPERIMENTAL 
Apparatus and Reagents 

Electrochemical measurements were performed on a CHI 
750B electrochemical workstation (Shanghai CH Instru-
ment, China) with conventional three-electrode cell. A bare 
GCE or NG/GCE was used as the working electrode. A satu-
rated calomel electrode (SCE) and a platinum wire were 
used as the reference and counter electrodes, respectively. 
Scanning electron microscopy (SEM) was recorded on a 
JSM-6700F scanning electron microscope (Japan Electron 
Company, Japan). Transmission electron microscopy (TEM) 
image was acquired by a JEM-2100 transmission electron 
microscope (JEOL, Japan) at a 200 kV acceleration potential. 
 Dopamine (DA) hydrochloride was purchased from 
Aladdin Chemical Reagent Co. Ltd. (Shanghai, China). NG 
was synthesized in accordance with recent reported 
procedure.[22] A 1.0 mg mL–1 NG dispersion solution was 
prepared by ultrasonication for 2 hours in water. 0.1 mol L–1 
phosphate buffer solution (PBS) was used as the 
supporting electrolyte. All other reagents were of analy-
tical grade and all aqueous solutions were prepared with 
doubly distilled water.  

Preparation of NG/GCE 
Prior to use, GCE with a diameter of 3 mm was polished on 
a polishing cloth with 1.0, 0.3 and 0.05 μm alumina powder, 
respectively, and rinsed with doubly distilled water, follow-
ed by sonication in ethanol solution and doubly distilled 
water successively. Then the electrode was dried in a stream 
of nitrogen. Afterwards, a 5 μL of 0.5 mg mL–1 NG solution 
was dropped to fully cover the surface of the polished GCE 
and dried at room temperature to get the modified elec-
trode (NG/GCE). 

Electrochemical Detection 
A certain concentration of DA solution prepared with 0.1 
mol L–1 PBS of pH = 7.0 was added into a 10 mL electro-
chemical cell and the three-electrode system was inserted 
into the solution. Then cyclic voltammetry (CV) was perfor-
med in the potential range from –0.2 V to 0.6 V at the scan 
rate of 100 mV s–1. Differential pulse voltammetric (DPV) 
measurements were carried out for the quantitative 
analysis with the parameters set as: step increment poten-
tial of 0.004 V, pulse amplitude of 0.05 V, pulse width of 
0.05 s, and pulse period of 0.2 s. 
 

RESULTS AND DISCUSSION 
Characteristics of NG/GCE 

Figure 1A is showing the SEM image of NG/GCE with inset 
as the TEM image of NG. As shown in the inset of Figure 1A, 
NG was present as the nanosheet with some folded and 
rippled. After NG was modified on the surface of GCE, large 
amounts of nanosheet was present with porous structure 
appeared, indicating that the presence of NG nanosheet on 
the electrode surface resulted in the increase of the effec-
tive electrode area.  
 Electrochemical behaviors of different modified 
electrodes were further investigated in the ferricyanide so-
lution with the cyclic voltammograms shown in Figure 1B. 
The redox peak currents of [Fe(CN)6]3–/4– on GCE (curve a) 
was much smaller than that of NG/GCE (curve b) with the 
decrease of the peak-to-peak separation (∆Ep) on NG/GCE. 
The results indicated that the presence of NG on the GCE 
surface can greatly enhance the electrochemical responses, 
which may be attributed to the specific characteristics of 
NG that can accelerate the electron transfer rate. EIS exper-
iments were further carried out with the results shown in 
Figure 1C. The semicircular portion at high frequencies in 
the Nyquist diagrams corresponds to the electron-transfer-
limited process and its diameter is equal to the electron-
transfer resistance (Ret), which controls the electron-
transfer kinetics of the redox probe at the electrode. 
Meanwhile, the linear part at lower frequencies corres-
ponds to the diffusion process. The Randles circuit model is 
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chosen to fit the impedance data got in the experiment. 
The Ret value of GCE was got as 76.1 Ω (curve a), which was 
bigger than that of NG/GCE (46.6 Ω). The results indicated 
that the decrease of the interfacial resistance was due to 
the presence of NG. Electrochemical behaviors of ferri-
cyanide on NG/GCE were further investigated with the 
changes of scan rate and the corresponding cyclic voltam-
mograms were listed in Figure 1D. It can be seen that a pair 
of well-defined redox peaks appeared at different scan 
rate. The redox peak currents exhibited good linear relat-
ionships with scan rate, and the linear regression equations 
were got as Ipc /μA = 66.99 υ1/2/(V s–1) – 3.13 (n = 11, γ = 
0.999) and Ipa / μA = –65.76 υ1/2/(V s–1) + 2.74 (n = 11, γ = 
0.998). So the electrochemical reaction of ferricyanide on 
NG/GCE was a diffusional controlled process, which could 
be attributed to the presence of high conductive NG with 
large surface area on the electrode surface. NG has been 
proven to exhibit excellent electrocatalytic activity with fast 
electron transfer rate. The relationships of redox peak 
potentials with lnυ were also obtained with the following 
regression equations as Epc /V = –0.037 ln(υ/(V s–1)) + 0.21 
(n = 11, γ = 0.998) and Epa /V = 0.064 ln(υ/(V s–1)) + 0.31 (n 
= 11, γ = 0.997). Based on Nicholson's equations:[23] 
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 The electrochemical parameters, such as the elec-
tron transfer coefficients (α), the electron transfer number 
(n) and the apparent heterogeneous electron transfer 
rate constant (ks), of the electrochemical reaction of 
ferricyanide were calculated as 0.34, 0.98, and 1.04 s–1, 
respectively. 

Cyclic Voltammograms of DA on NG/GCE 
Cyclic voltammograms of 1.0×10–4 mol L–1 DA on different 
working electrodes in PBS of pH = 7.0 were recorded with 
the results shown in Figure 2. It can be seen that a pair of 
well-defined redox peaks appeared on the voltammo-
grams, which was the typical results of DA electrochemical 
reaction.[24] On GCE the redox peak potentials were located 
at 0.246 V (Epa) and 0.139 V (Epc) with the redox peak 

 

 

Figure 1. (A) SEM image of NG/GCE (inset is the TEM of NG); (B) Cyclic voltammograms of (a) GCE and (b) NG/GCE in the 
presence of a 1.0 mmol L–1 K3[Fe(CN)6] and 0.5 mol L–1 KCl solution with the scan rate of 100 mV s–1; (C) EIS of (a) GCE and (b) 
NG/GCE in the presence of a 10.0 mmol L–1 [Fe(CN)6]3–/4– and 0.1 mol L–1 KCl solution with the frequencies from 104 to 0.1 Hz 
(Inset is the Randles circuit model in the cell); (D) Cyclic voltammograms of NG/GCE in a 1.0 mmol L–1 K3[Fe(CN)6] and 0.5 mol 
L–1 KCl solution with different scan rates (form a to k: 0.50, 0.45, 0.40, 0.35, 0.30, 0.25, 0.20, 0.15, 0.10, 0.05, 0.01 V s–1, 
respectively). 
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current as 1.308 µA (Ipa) and 0.992 µA (Ipc). The peak-to-
peak separation (∆E) was calculated as 107 mV with the 
Ipa / Ipc value as 1.318, which was a typical result of quasi-
reversible reaction. Whereas on NG/GCE the redox peak 
potentials were located at 0.218V (Epa) and 0.156V (Epc) 
with the redox peak currents as 5.231 µA (Ipa) and 4.897 µA 
(Ipc). The values of ∆Ep and Ipa / Ipc were got as 62 mV and 
1.068, indicating a more reversible electrochemical pro-
cess. Also the redox peak current increased for 4.00 and 
5.03 times than that of GCE, respectively, which was the 
typical electrocatalytic effect. The result was attributed to 
the presence of NG on the surface of GCE. Chemical doping 
is a strategy for the preparation of functionalized carbon 
materials and the presence of nitrogen in the carbon 
structure can modulate the properties.[25] Nitrogen atom 
has comparable atom size with carbon, and it contains five 
valence electrons bonds with carbon atom. So the chemical 
doping of nitrogen can partly restore the conductivity of 
GR. The presence of pyridinic N, pyrrolic N and quaternary 
N on the GR surface exhibited certain catalytic ability.[26] 
And the two-dimensional structure of GR still remained 

with large surface area. Also NG has aromatic rings with rich 
delocalized π electrons, which can interact with the DA 
molecules that have a specific aromatic ring through π-π 
stacking force. So the presence of NG on the electrode 
surface exhibited excellent electrocatalytic activity to the 
DA electrooxidation with the decrease of the overpoten-
tials and the increase of the redox peak currents. Therefore 
NG/GCE is a suitable working electrode for the sensitive 
detection of DA. 

Influence of Scan Rate 
The kinetics of the electrode reaction were investigated by 
studying the effect of scan rate on the electrochemical re-
sponses of DA on NG/GCE. Figure 3A showed the cyclic volt-
ammograms of 1.0×10–4 mol L–1 DA on NG/GCE in the scan 
rate range from 20.0 to 500.0 mV s–1. It can be observed 
that a pair of well-defined redox peaks appeared at differ-
ent scan rate with the redox peak potential and currents 
changed gradually. With the increase of scan rate the redox 
peak currents increased and good linear relationships of 
the redox peak current (Ip) with the square root of scan rate 
(υ1/2) were obtained. The linear regression equations were 
got as Ipa / μA = –6.31 υ1/2/(V s–1) – 1.28 (n = 15, γ = 0.997) 
and Ipc / μA = 9.38 υ1/2/(V s–1) + 0.57 (n = 15, γ = 0.998), 
illustrating a diffusional controlled process. The result 
indicated that electrode reaction of DA was fast and DA 
molecules diffused to the electrode surface could take 
place electrochemical reaction quickly, which could be 
attributed to the high conductivity of NG on the electrode 
surface. The relationship of redox peak potentials and lnυ 
was also constructed and the linear regression equations 
were got as Epa /V = 0.0274 ln(υ/(V s–1)) + 0.3205 (n = 15, γ 
= 0.997) and Epc /V = -0.0205 ln(υ/(V s–1)) + 0.0910 (n = 10, 
γ = 0.998). According to the Nicholson's equations,[23] the 
electrochemical parameters of DA on NG/GCE, such as the 
charge transfer coefficient (α), the number of electron 
transfer (n) and the electrode reaction rate constant (ks), 
were calculated as 0.49, 2.2 and 1.174 s–1.  

 

Figure 2. Cyclic voltammograms of 1.0×10–4 mol L–1 DA on 
(a) GCE and (b) NG/GCE at a scan rate of 100 mV s–1 in PBS 
of pH = 7.0. 
 

 

 

Figure 3. (A) Cyclic voltammograms of 1.0×10–4 mol L–1 DA on NG/GCE at different scan rate (from a to o: 0.04, 0.06, 0.08, 0.10, 
0.12, 0.14, 0.16, 0.18, 0.20, 0.25, 0.30, 0.35, 0.40, 0.45, 0.50 V s–1); (B) Linear relationship of the redox peak currents (Ip) vs.
υ1/2; (C) Linear relationship between the redox peak potentials (Ep) and lnυ. 
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Influence of Buffer pH 
The influence of buffer pH on the cyclic voltammetric re-
sponses of 1.0×10–4 mol L–1 DA was investigated in the pH 
range from 4.5 to 9.0, The relationships of the oxidation 
peak current and the formal peak potential (E0') with buffer 
pH were plotted with the results shown in Figure 4. The 
maximum value of the oxidation peak current appeared at 
buffer of pH = 7.0 and decreased gradually with the further 
increase of buffer pH (Figure 4A). Therefore, pH = 7.0 was 
selected as the optimal pH for detection in the following 
experiments. With the increase of the buffer pH, the value 
of E0' also shifted to the negative direction, indicating that 
protons participated in the reaction. The relationship 
between E0' and pH was calculated as E0'/V = –0.052pH + 0.54 
(n = 10, γ = 0.996) (Figure 4B). The slope value of –52.0 mV 
pH–1 was close to the theoretical value of –59.0 mV pH–1,[27] 
indicated that the ratio of electrons and protons taking part 
in the electrode reaction was 1:1. According to the above 
result of the number of electron transferred was calculated 
as 2, so the protons involved in the electrode reaction was 
also got as 2. 

Chronocoulometric Experiments 
Since the electrode reaction was diffusion-controlled, the 
chronocoulometric response of DA on NG/GCE was investi-
gated to calculate the diffusional coefficient (D). Figure 5A 
showed the chronocoulometric curves of NG/GCE in the 
given solutions, and a good linear relationship between Q 
and t1/2 was shown in Figure 5B. According to Anson's equa-
tion:[28] Q = 2n FAD1/2ct1/2 /π1/2 + Qdl + n FΓ, the D value of 
DA was calculated as 9.86×10–5 cm2 s–1. 

Calibration Curve 
Under the selected conditions differential pulse voltam-
metry (DPV) was used to quantitative determination of 
DA. The DPV oxidation peak currents increased linearly 
with DA concentrations in the range from 8.0×10–7 mol L–1 
to 8.0×10–4 mol L–1 with the typical differential pulse 
voltammograms shown in Figure 6A. The relationship 
between the oxidation peak current (Ipa) and DA con-
centration (C) was calculated as Ipa / µA = 0.167 C/µmol L–1 
– 0.239 (n = 13, γ = 0.9997) (Figure 6B) with the de- 
tection limit as 2.55×10–7 mol L–1 (3σ). The detection  

 

 

Figure 4. (A)The relationship between the oxidation peak 
current (Ipa) and pH; (B) Linear relationship of the formal
peak potential (E0') and pH. 
 

 

Figure 5. (A) Chronocoulometric curves of NG/GCE in (a) pH  
= 7.0 buffer solution and (b) pH = 7.0 buffer solution 
containing 1.0×10–4 mol L–1 DA; (B) Linear relationship 
between Q and t1/2. 
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limit was smaller than some previous reported works such 
as Ni/Al layered double hydroxide modified carbon ionic 
liquid electrode (5.0×10–6 mol L–1),[29] PtAu hybrid film 
modified GCE (5.0×10–6 mol L-1),[30] and GR modified GCE 
(2.64×10–6 mol L–1),[31] GR and Au nanoparticles modified 
GCE (1.86×10–6 mol L–1),[32] TiO2-GR modified GCE (2.0×10–6 
mol L–1),[33] and graphene oxide modified GCE (0.27×10–6 
mol L–1).[34] So the presence of NG on the GCE surface 
exhibited excellent electrocatalytic activity to the oxidation 
of DA with increased sensitivity. 

Interferences 
The influences of some interfering materials on the deter-
mination of 1.0×10–4 mol L–1 DA were investigated. The 
proposed method showed good selectivity for DA detection 
without the interferences from common coexisting materi-
als in samples, such as ions (e.g. Zn2+, K+, Ca2+, Cl–, Na+, 
Cu2+), glucose, deoxyribonucleic acid, ribonucleic acid etc. 
with signal changes below ±5 % (as shown in the Table 1). 
Thus, electrochemical signals of these substances did not 
disturb that of DA and hence NG/GCE showed good selec-
tively with the ability to distinguish other electrochemical 
responses.  

Sample Determination 
The developed method was applied to the detection of the 
content in DA injection samples, which were diluted and 
detected by the proposed procedure with the results 
shown in Table 2. Also the standard addition method was 
used to calculate the recovery. From Table 2 it can be seen 
that the DA injection samples were detected with satisfac-
tory results. The relative standard deviation (RSD) values  

 

Figure 6. (A)Typical differential pulse voltammograms of 
various concentrations DA on NG/GCE (from a to i: 4, 6, 8, 
20, 40, 60, 80, 200, 400 μmol L–1, respectively); (B) The 
linear relationship of the oxidation peak current with the DA 
concentration. 

 

Table 1. Influence of interfering materials on the determination of 1.0×10–4 mol L–1 DA (n=6) 

Coexisting substance C / mg L–1 Relative error / % Coexisting substance C / mol L–1 Relative error / % 

Glucose 10.0 1.98 Pyrocatechol 1.0 ×10–5 –1.65 

Deoxyribonucleic acid 10.0 –3.47 Zn2+ 1.0 ×10–5 –2.48 

Ribonucleic acid 10.0 1. 45 K+ 1.0 ×10–2 –2.67 

L-arginine 10.0 2. 53 Ca2+ 1.0 ×10–5 –3.59 

L-cysteine 10.0 0.95 Cu2+ 1.0 ×10–4 1.56 
Sodium dodecyl 

sulfate 
10.0 0.46 Na+ 1.0 ×10–4 3.85 

Glycine 10.0 –1.68 Cl– 1.0 ×10–2 –2.69 

 
Table 2. Determination of DA in the injection sample (n=6) 

Sample C (Specified) / mol L–1 C (Detected) / mol L–1 C (Added) / mol L–1 C (Detected) / mol L–1 RSD / % Recovery % 

1 10.0 ×10–5 11.05 ×10–5 10.0 ×10–5 10.47 ×10–5 1.76 104.7 

2 30.0 ×10–5 31.2 ×10–5 10.0 ×10–5 10.42 ×10–5 2.79 104.2 

3 50.0 ×10–5 49.1 ×10–5 10.0 ×10–5 9.75 ×10–5 1.34 97.5 

 



 
 
 
 W. WANG et al.: Electrochemical Behaviors of DA on Modified Glassy Carbon Electrode 329 
 

DOI: 10.5562/cca2679 Croat. Chem. Acta 2016, 89(3), 323–330 

 

 

 

were in the range from 1.76 % to 2.79 % with the recovery 
in the range from 97.5 % to 104.7 %, which indicated that 
this modified electrode could be used for the DA samples 
detection. 

Stability and Repeatability of the 
Modified Electrode 

The stability and repeatability of the modified electrode 
were evaluated. The RSD of eleven successive scans for 
1.0×10–4 mol L–1 DA was got as 1.89 %, indicating good 
reproducibility of NG/GCE. In dry state, only 2.4 % loss of 
DPV peak current value was found even after two weeks 
storage, indicating the good stability of NG/GCE. The 
repeatability of eight independently fabricated electrodes 
showed a satisfactory RSD value of 3.72 % for the detection 
of 1.0×10–4 mol L–1 DA. All these results indicated that 
NG/GCE was stable for the electrochemical application. 
 

CONCLUSION 
In the paper a NG modified GCE was fabricated and further 
used for investigation on the electrochemistry of DA in 
detail. Electrochemical behaviors of DA on NG/GCE were 
carefully studied with the electrochemical parameters 
calculated. The presence of NG on the electrode showed 
good promotion to the electro-oxidation of DA, which could 
be attributed to the specific properties and unique struc-
ture of NG. Based on the oxidation peak current, DA can be 
detected in the concentration range from 8.0×10–7 mol L–1 
to 8.0×10–4 mol L–1 with the detection limit of 2.55×10–7 
mol L–1 (3σ) by differential pulse voltammetry. Under the se-
lected conditions a new electrochemical method for DA de-
tection was further established and successfully applied to 
DA injection sample detection with satisfactory results. 
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