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Abstract: Nitrogen-doped reduced graphene oxide (N-rGO) was 
synthesized by a single-step facile hydrothermal method to modify 
glassy carbon electrode (GCE) for detection of Hg(II) in water. 
The electronic properties of graphene and N-rGO were modified 
using experimental and molecular modelling data. Compared to 
graphene, N-rGO modified GCE shows enhanced response for 
detection of Hg(II) with sensitivity of 19.38 μA μM-1 and limit of 
detection (LOD) of 9.29 nM. X-ray photoelectron spectroscopic 
(XPS) data evidenced the intimate chemical interactions between 
Hg(II) and N-rGO surface sites. The band structure, bandgap and 
density of states (DOS) of solid substrates were calculated by 
density functional theory. The chemical interference of Cd(II), 
Cu(II), and Pb(II) for detection of Hg(II) by N-rGO modified GCE 
sensor was minimal. By combining experimental and theoretical 
data, an efficient method is proposed in materials fabrication 
required for electrochemical sensors. 

Keywords:  Electrochemical; hydrothermal; Mercury(Ⅱ) 
detection; Nitrogen-doped graphene oxide.

INTRODUCTION

Mercury is a well-known toxicant in human health and 
the environment  (Wang et al., 2004). It is converted 
into toxic methylated mercury by microorganisms under 
reducing natural conditions (Abollino et al., 2009; Baird 
and Cann, 2012; Bridges et al., 2020). Therefore, the 
development of rapid Hg(II) monitoring methods is a 
priority. The electrochemical techniques are attractive in 
detecting Hg(II) species due to their sensitivity, robustness 
and low-cost (Martín-Yerga et al., 2013). Active substrates 
for electrochemical sensors are developed using noble 
metal nanoparticles (Gong et al., 2010b), transition metal 
oxides (Fayazi et al., 2016) and carbonaceous materials 
(Wanekaya, 2011) with limited success. 

Graphene, a veritable planer carbon material, has 
many fascinated applications due to its unique materials 
properties (Fan et al., 2010; Scidà et al., 2018; Li et al., 
2019). There are voluminous literature available on the 
synthesis of graphene nano-composites, such as graphene 
oxide (GO)/Au (Martín-Yerga et al., 2012; Sahoo et al., 
2015), GO/Pt (Pinilla et al., 1996), reduced GO (rGO)/

metal oxide  (Fang et al., 2014; Xiong et al., 2015), and 
DNA-modified rGO (Zhang et al., 2015; Zhang et al., 
2016), to modify electrochemical sensors for detection of 
Hg(II) (Gong et al., 2010a; Chen et al., 2012). However, 
the complex and costly synthesis procedures associated 
with nano-composites restrict their applicability.

The electronic properties and edge defects of 
graphene can also improve by doping it with nonmetallic 
elements, such as B, S and N  (Calandra and Mauri, 2007; 
Martins et al., 2007; Cervantes-Sodi et al., 2008; Liang et 
al., 2012). For example, S-doped graphene induces internal 
modification resulting high propensity of energy density 
into the substrate (Lee et al., 2015). In a single step, S- 
and N- synthesized dual-doped graphene showed excellent 
performance on oxygen reduction compared to Pt/C and S- 
or N- doped analogues (Liang et al., 2012). The nonmetallic 
elements doped graphene is also used in fabricating 
electrochemical sensors for heavy metals detection  
(Velempini and Pillay, 2019). Use of N-doped rGO/MnO2 
for electrochemical sensing of Hg(II) with enhanced 
sensitivity has also been reported (Wen et al., 2018). The 
introduction of active nitrogen groups into the composite 
remarkably improved the Hg(II) detection capacity, e.g., 
sensitivity 124 μA μmol L-1.  and LOD of 15 nmol L-1. 

Therefore, nitrogen-doped reduced graphene oxide 
(hereafter N-rGO) was fabricated in this research by a 
single-step hydrothermal method using urea as an N source 
to modify electrochemical sensors for detection of Hg(II). 
The nitrogen doping and partial reduction of graphene 
oxide occurred concurrently. Modification of glassy carbon 
electrodes (GCE) was done using N-rGO to develop a 
highly sensitive and selective Hg(II) detection method. The 
usage of urea is encouraged due to its abundance, low cost 
and environmental benigness.    

MATERIALS AND METHODS

Materials

Stock solutions of Cd(II), Cu(II), Hg(II) and Pb(II) 
were prepared using analytical grade cadmium chloride 
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(CdCl2), copper sulfate (CuSO4.5H2O), mercuric nitrate 
[Hg(NO3)2] and lead nitrate [Pb(NO3)2], respectively. 
The following buffers were used to regulate solution pH; 
0.10 mol L-1 CH3COONa/CH3COOH (ABS), 0.10 mol L-1 
KH2PO4/0.10 mol L-1 Na2HPO4 (PBS), and 0.10 mol L-1 
Na3C6H5O7/0.10 mol L-1 C6H8O7 (CBS) buffers. 

Synthesis of nitrogen-doped graphene (N-rGO)

Modified Hummers’ method was used to synthesize 
graphene oxide (GO) from flake graphite samples 
(Hummers and Offeman, 1958). The graphene oxide and 
urea nano-composite were synthesized by a hydrothermal 
method. A sample of 40 mg of GO powder were dispersed 
in 80 mL deionized water and ultra-sonicated for 30 min. 
Thereafter, a sample of 2 mmol of urea was added to the 
graphene suspension and stirred till the contents were 
dissolved. The mixture was then transferred into a Teflon-
lined autoclave (100 mL capacity), heated at 180 ℃ in an 
electric oven for 12 h and cooled to room temperature. 
The resulting black product was centrifuged, washed with 
deionized water several times, and dried at 60 ℃ for 24 h. 
The graphene and urea nano-composite are designated as 
N-rGO.

Fabrication of chemically modified GCE

The glassy carbon electrode (GCE) was thoroughly 
polished with 0.1 μm, 0.3 μm and 0.05 μm alumina slurries 
to a mirror shiny surface. 

The cleaned GCE was further sonicated with ethanol 
and deionized water for 2 min to remove any surface 
absorbed impurities. An aliquot of N-rGO suspension was 
pipetted onto the polished GCE surface and dried under 
nitrogen. GCEs modified with rGO were also prepared 
using the same method for comparison. The surface sites of 
the sensor were regenerated by polishing them before the 
subsequent measurement.

Materials characterization

The microstructure and morphology of the materials 
were observed by scanning and transmission electron 
microscopic methods (SEM, Quanta 200 FEI Company, 
USA, Acceleration voltage: 5 kV; TEM, JEM-
2100, Japan, Electron gun: ZrO/W (100) Schottky, 
Acceleration voltage: 160 kV). X-ray photoelectron 
spectroscopy (XPS) analysis was carried out on a VG 
ESCALAB MKII with Mg Kα (1253.6 eV, 120 W) 
monochromatic X-ray source. Structural characteristics 
of the samples were determined using Fourier transform 
infrared (FTIR) spectrophotometer (Nicolet 67, Thermo 
Nicolet Co., USA) in the specular transmission mode; 
the spectra were recorded in the wavenumber range of 
500 - 4000 cm-1. Further, Raman spectra were obtained with 
Ar+ laser excitation at a wavelength of 532 nm (LabRAM 
HR800 HORIBA Jobin Yvon, FR). The specific surface 
area of samples was determined using the multipoint BET 
method (BET, Quantachrome Instruments，USA). 

Electrochemical measurements

All measurements were carried out using a CHI 760E 
electrochemical analyzer (ChenHua Instruments Co., 
Shanghai, China) equipped with a three-electrode system: 
bare or modified GCE working electrode, Pt counter 
electrode and Ag/AgCl reference electrode (standard 
electrode potential is +0.2224 V at 298 K). The performance 
of the modified GCE was determined by cyclic voltammetry 
(CV). Electrochemical impedance spectroscopy (EIS) was 
used to determine the electron transfer kinetics of redox 
systems (Chitravathi et al., 2010; Xu et al., 2013). 5 mmol L-1 
Fe (CN6)

3-/4- in 0.10 mol L-1 KCl solution was used to develop 
a CV (potential scanning range -0.2 V to 0.6 V and a 
scan rate of 0.1 V s-1). The frequency range used for EIS 
measurements was 100,000 - 1 Hz. Detection of Hg(II)  
was carried out using N-rGO modified GCE in 0.1 mol L-1 
ABS (pH 5.0) by SWASV under the deposition potential 
of -1.0 V for 180 s. The other instrumental parameters, 
such as stepping potential, frequency and amplitude, were 
set constant throughout experiments at 4 mV, 25 mV and 
15 Hz, respectively.

Adsorption of Hg(Ⅱ) on the modified electrode

Adsorption of Hg(II) was accomplished out using 30.0 mg 
rGO or N-rGO, and 100 μmol L-1 Hg(Ⅱ). The solid-solution 
suspensions of both materials were equilibrated for 12 g. 
Finally, Hg(II) sorbed rGO and N-rGO were washed with 
deionized water three times and vacuumed dried for 24 h 
before XPS analysis. 

RESULTS AND DISCUSSION

Characterizations of N-rGO

The N-rGO nano-sheets preserve the two-dimensional 
graphene morphology (Figure 1). The N distribution on the 
rGO surface is uniform (Figure 1b and 1e). The relative 
masses of C and N in N-rGO are 88.79% and 3.14%, 
respectively (EDS data). TEM images together with EDS 
element distribution maps show efficient N doping into the 
graphene structure. 

Figure 2a shows characteristic D and G Raman 
bands at 1352 cm-1 and 1593 cm-1 for rGO and N-rGO, 
respectively. The ID/IG ratio of N-rGO (1.08) is greater than 
that of rGO (1.01), which indicates topological defects upon 
N introduction (Suenaga et al., 2000; Lee et al., 2003). The 
enhanced  intensity ratio in N-rGO is ascribed to lattice 
defects and the sp2 C stretching vibrations. Consequently, 
the nitrogen treatment on graphene shows a higher defect 
density compared to rGO.

Figure 2b shows the FTIR spectra of GO, rGO 
and N-rGO. The broad bands at 3409 cm-1 and 1734 cm-1 
are due to solid edge -OH stretching vibrations and C=O 
deformations (Hontoria-Lucas et al., 1995). The band 
at 1620 cm-1 is due to skeletal vibrations of un-oxidized 
graphite. The bands at 1382 cm-1 and 1070 cm-1 are ascribed 
for C-O-H deformation and C-O stretching vibrations, 
respectively (Nethravathi and Rajamathi, 2008). The rGO 
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retains remnants of O-H (3425 cm-1), C=O (1710 cm-1) and 
C=C (1580 cm-1) groups showing incomplete GO    rGO 
reduction. In N-rGO, the band corresponds to the carbonyl 
group that disappeared after urea reduction. Besides, the 
wide and strong bands between 3000 cm-1 and 3700 cm-1 
contribute to O-H and N-H stretching vibrations in N-rGO 
(de Graaf et al., 1998). In addition, the band at 1560 cm-1 
is due to the sp2 C=N and/or C=C (Zhang et al., 1996), and 
the band at 1460 cm-1 is linked with the sp3 C-N (Szörényi 
et al., 2000). The data confirmed the presence of doped N 
in graphene.  

N2 adsorption isotherms were carried out to determine 
the effect of the BET surface area on N doping on rGO 
(Figure 3a). The BET surface area of rGO is 31.1 m2 g-1; 
however, that of N-rGO are increased approximately by 

five times (145 m2 g-1). The average pore size of N-rGO is 
smaller than rGO (Figure 3b). The increased surface area 
and reduced pore size of N-rGO is ascribed to N doping 
on rGO. The density of active sites on rGO increases upon 
N doping. The N-rGO shows enhanced sensitivity for the 
Hg(II) detection.

XPS survey spectra of rGO and N-rGO are shown 
in Figure 4a. The N 1s peak is distinct for N-rGO. The 
peaks at 284.08, 399.08 and 531.08 eV correspond to C 
1s (sp2 C), N 1s and O 1s, respectively. The C 1s N-rGO 
spectrum is deconvolved into three components. The 
peak at 284.77 eV corresponds to the graphite-like sp2 C 
in conjugated honeycomb N-rGO lattice. The small peaks 
at C2 (285.48 eV) and C3 (287.73 eV) reflect the N-sp2 
and N-sp3 C-N bonds, respectively, resulting from the N 

Figure 1: (a) The TEM micrograph and (b) EDS analysis of   N-rGO; The related EDS mapping of C (c), O (d), and N (e) in the selected 
area (a).

Figure 2: (a) Raman spectra of rGO and N-rGO, (b) FT-IR spectra of GO, rGO and N-rGO.



Ceylon Journal of Science 50 (Special Issue) 2021: 365-376368

atoms’ substitution for the defects sites on graphene sheets.
(Marton et al., 1994; Ronning et al., 1998; Jang et al., 
2004). As shown in Fig. 4c, the N 1s peak also splits into 
three peaks. The peaks at N1 (398.76 eV), N2 (400.00 eV), 
and N3 (400.91eV) represent pyridine N, pyrrolic N, and 
graphitic N atoms, respectively ( Wu et al., 1999; Wei et 
al., 2009). Figure 4d shows the schematic representation 
of the N-rGO structure. The atomic percentage N in the 
material is 8.17% (Table 1), higher than rGO, indicating N 
doped rGO.   

Electrochemical characterization of N-rGO

The cyclic voltammograms and Nyquist plots of GCE, 
rGO/GCE, and N-rGO/GCE recorded using 5 mmol L-1 
Fe(CN6)

3-/4- in 0.1 mol L-1 KCl are shown in Figure 5. The 
oxidation and reduction currents resulted from N-rGO 
modified GCE are determined to be larger than those from 
rGO (Figure 5a). By introducing N, rGO enhances electron 
transfer on the electrode surface. A Nyquist plot includes a 
semicircle and linear portions (Figure 5b). The semicircle 
at a high-frequency range relates to electron transfer (Ret) 

Figure 3: (a) Nitrogen adsorption-desorption isotherms and pore size distribution of rGO and N-rGO.

Figure 4: (a) The survey XPS spectra of rGO and N-rGO (b) C 1s spectrum (c) N 1s spectrum of N-rGO (d) Schematic representation of 
N-rGO structure.  Gray, blue, yellow and red spheres represent C, graphitic N, pyridine N and pyrrolic N atoms on N-rGO, respectively.
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and solution (Rs) resistance controlled by electron transfer 
dynamics. The linear part of the low-frequency region 
(45 - degree slope) is consistent with the diffusion-limited 
process (Han et al., 2016). As shown in Figure. 5b, GCE 
displays a distinct small semicircle domain, implying a 
low electron transfer resistance of the redox probe. The 
semicircle domain increases with the rGO modification, 
indicating that the nano-materials are adhered successfully 
to the electrode surface. Importantly, the Ret value of 
N-rGO is lower than that of rGO due to decreased oxygen-
containing functional groups on N-rGO.

Further, the circuit simulation analysis on the 
electrochemical impedance data was also carried out (inset 
of Figure 5b). The Ret values of GCE, rGO/GCE, and N-rGO/
GCE are 156.2 Ω, 772.3 Ω and 306.8 Ω, respectively. 
Further N-rGO modified GCE shows enhanced electron 
transfer compared to rGO.  

Electrochemical responses of different electrodes to 
Hg(Ⅱ)

To examine the efficiency of different modifiers of GCE 
electrodes, the bare GCE, rGO/GCE and N-rGO/GCE 
were selected as sensor materials to determine Hg(II) spike 
recovery. Figure 6 shows the electrochemical properties of 
different electrodes to 1.0 μmol L-1 Hg(Ⅱ). The stripping 
current of N-rGO/GCE GCE is greater than the unmodified 
GCE, and rGO/GCE shows enhanced N-rGO modified 
GCE’s electrochemical performance.

Optimal conditions for detection of Hg(II) 

The Hg(II) detection efficiency was optimized with respect 
to type of electrolyte, solution pH, deposition potential and 
reaction time using 1.0 μmol L-1 Hg(Ⅱ) solution. Figure 7a 
shows the effects of buffer types for Hg(Ⅱ) detection. The 
maximum electrochemical response is observed for ABS 
compared to PBS or CBS buffers. Accordingly, 0.1 mol L-1 
ABS was used  in subsequent experiments.

Figure 5: CV (a) and EIS (b) were measured with bare GCE, rGO/GCE and N-rGO/GCE in the solution of 5 mmol L-1 Fe(CN)6
3-/4- 

containing 0.1 mol L-1  KCl.

Figure 6: Square wave anodic stripping voltammograms for 
1.0 μmol L-1 Hg(Ⅱ) on chemically modified GCE in ABS 
(pH = 5.0). Deposition potential -1.0 V, deposition time 150 s, 
step potential 4 mV, amplitude 20 mV, frequency 15 Hz.

Table1: The atomic concentration of C, N and O of hydrothermally synthesized rGO and N-rGO.

Sample C 1s (%) N 1s (%) O 1s (%)

rGO 78.24 0.70 19.99

N-rGO 79.48 8.17 12.35
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The intensity of the stripping current peak drops 
when pH < 4 or > 6. At low pH (< 4), the active layer 
of the electrode surface may deteriorate, decreasing the 
sensitivity of Hg(II) detection; when pH > 6, Hg(Ⅱ) tends 
to hydrolyze, reducing free Hg(II) activity in solution. 
Therefore, pH 5.0 was chosen optimally for detection of 
Hg(II).

Variation of stripping current of Hg(II) 
(range -1.1 to -0.6 V) as a function of deposition potentials 
was also examined. The overall trend of the stripping current 
was reduced when the potential varied from -1.0 to -0.6 V 
due to weak Hg(II) adsorption on the electrode surface 
(Figure 7c). Similarly, the Hg(II) response decreases when 
the potential is less than -1.0 V (Królicka et al., 2006). The 
hydrogen evolution reaction occurs at negative potentials 
hindering the electrochemical response of Hg (II).

Figure 7d shows the optimal deposition time for 
Hg(II) detection peak current.  As expected, the stripping 
current has increased with the deposition time. However, 
the peak current increases gradually up to 150 s, indicating 
that N-rGO sites are saturated Hg(Ⅱ). In summary, the 
optimal conditions for detection of Hg(II) by N-rGO 
modified GCE is as below: pH 5 ABS, -1.0 V potential 
and 150 s deposition time at 4 mV step potential, 25 mV 
amplitude, and 15 Hz frequency. These optimal parameters 
were used in subsequent measurements.

Detection of Hg(Ⅱ)by N-rGO modified GCE

The variation of response current as a function of the 
concentration of Hg(II) was measured by N-rGO modified 

GCE  (Figure 8). The oxidation potential for Hg(Ⅱ) is 0.28 V. 
The current peak increases linearly within 0.6−1.6 µmol L-1 
Hg(II). The linearized equation for detection of Hg(Ⅱ)is 
Y/μA = 19.38 (X/μmol L-1) −11.03, with a sensitivity of 
19.38 μA μM-1 and limit of detection (LOD) of 9.29 nmol L-1  
based on the 3σ method (MacDougall et al., 1980), which 
is better than the performance of other sensors summarized 
in Table 2.

DFT calculations

The band structure, band gap and density of states (DOS) 
of graphene, rGO, N-rGO, and Hg(Ⅱ) with N-rGO were 
computed using Quantum Espresso (QE) (Gumpu et al., 
2017; Zhou et al., 2017). The standard density functional 
theory (DFT) with an optimized kinetic energy cut-off and 
pseudopotentials were used in the computation. Ultra-soft 
pseudopotentials described the interactions of the electrons 
for all the structures (USPP) generated using the PBE 
method. Gauss smearing technique was used to integrate 
over the Brillouin zone. The unit cell crystal structures used 
to compute the band structures of each material is shown 
in Figure 9.

Graphene has zero-band gap energy showing 
extraordinary electrical conductivity and electric field 
effect of 1013 cm-3 (Wu, 1996; Zhou et al., 2016). The 
band structure and DOS of graphene exhibit 0.00 eV 
bandgap on the K point in k-paths (Figure 10a). One of the 
largest issues faced during this computation was selecting 
k-paths within the Brillouin zone; k-paths were chosen 
for a hexagonal (HEX, hP) unit cell since the graphene 
is used as a hexagonal unit cell (Agra-Gutiérrez, Ball and 

Figure 7: The optimum experimental conditions. Influence of (a) supporting electrolytes (b) pH value (c) deposition potential (d) 
deposition time on the electrochemical responses of the N-rGO nanomaterial modified GCE by SWASV for 1.0 µmol L-1 Hg(Ⅱ).
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Compton, 1998). In contrast, rGO can open up the band gap 
depending on the amount of oxygen left on the graphene, 
consisting of sp2 graphitic islands and oxidized graphene 
separately (Florence, 1970). According to Figure 10b, the 
calculated band structures and DOS showed the bandgap of 
rGO is 0.77 eV. The result obtained indicates the band gap 
opening for graphene with a reduction of oxygen content. 
The nitrogen doping into rGO has resulted in three types of 
bindings: quaternary N (or graphitic N), pyridinic N, and 
pyrrolic N. All contributed to the Π electrons system by 
modifying electronic properties of N-rGO (Ouyang et al., 
2011; Zhou et al., 2016). The estimated N-rGO bandgap is 

0.22 eV at the K point. The N atoms and other topological 
defects act as scattering centres in rGO lattice; the electrical 
conductivity of N-rGO lowered to 0.55 eV (compared 
to rGO). Therefore, it confirms that nitrogen doping 
effectively modifies the electronic structure of graphene 
lattice (Zhou et al., 2016). To investigate the interaction 
between Hg(Ⅱ) and N-rGO, the band structure and DOS 
of Hg(Ⅱ) with N-rGO was computed (Figure 10d). The 
calculated band gap value is 0.27 eV for N-rGO. The 
introduction of Hg(II) to N-rGO may show less effect on 
the band gap value. However, increasing the metal ions to 
N-rGO can efficiently modify the electrical conductivity of 

Figure 8: SWASV measurements of Hg(II) (a)  by N-rGO modified GCE  (b) its calibration plot. 

Figure 9: Crystal structures are used to compute the band structures of (a) Graphene (b) rGO (c) N-rGO (d) Hg(Ⅱ) with N-rGO.

Table 2: Comparison of current sensitivity and LOD with reported values of different electrodes for electrochemical detection of 
Hg(Ⅱ).

Electrodes Technique 
in details Sensitivity (μA/μmol L-1) LOD (nmol L-1) Reference

G-MnO2/GCE LSV 0.106 2000 (Lu et al., 2015)
MnFe2O4/GCE SWASV 3.70 - (Han et al., 2015)

WBMCPE NCFs-MCPE DPASV 4.4833 5 (Rajabi et al., 2013)
Chitosan-CPE SWASV 1.27 628 (Marcolino‐Junior et al., 2007)

MnFe2O4-Cys/GCE SWASV 11.7 208 (Zhou et al., 2017)
[Ru(bpy)3]

2+/GO modified Au DPASV 3.71 350.20 (Gumpu et al., 2017)
Fe3O4 -chitosan/GCE SWASV 9.65 95.7 (Zhou et al., 2016)

N-rGO/GCE SWASV 19.38 9.29 This work
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the material. 

Adsorption of Hg(II) on N-rGO  

 Adsorption Hg(Ⅱ) on rGO and N-rGO surfaces was 
characterized by XPS to determine interactions between 
N-rGO and Hg(II). The characteristic band of Hg 4f 
observed in Figure 11a shows the presence of Hg(Ⅱ) on 
N-rGO (red spectrum). The relative affinity of Hg(Ⅱ) 
adsorption on rGO and N-rGO was also examined 
(Figure 11b). The intensity of the Hg 4f1/2 peak in N-rGO is 
higher than rGO, which implies a strong affinity of Hg(Ⅱ) 
on N-rGO sites. On the other hand, the Hg 4f of rGO and 
N-rGO at 101.20 and 105.20 eV, and 101.15 and 105.30 eV, 
respectively, are evident. The Hg4f peaks of pure Hg(NO3)2 

are observed at 101.30 eV and 105.40 eV, and a negative 
shift (0.05 eV) of Hg 4f in N-rGO is observed in comparison 
with rGO, which implied the strong interaction of N-rGO 
with Hg(Ⅱ). In addition, the Hg(Ⅱ) content in N-rGO was 
1.72% compared to a small content of 1.04% in rGO upon 
adsorption.

Chemical Interferences for Detection of Hg(II) 

In the presence of foreign metal ions, the chemical 
interferences by Cd(Ⅱ), Cu(Ⅱ) and Pb(Ⅱ) and on the 
detection of Hg(II) using N-rGO modified GCE was 
examined. The peak currents of Cd(Ⅱ), Cu(Ⅱ) and Pb(Ⅱ)
increased with the addition of Hg(II) due to film formation. 
Mercury film or mercury-based electrodes are widely used 

Figure10: Electronic band structure (left) and their corresponding total density of states (right) of (a) Graphene (b) rGO (c) N-rGO (d) 
Hg(Ⅱ) with N-rGO, calculated by USPP generated using PBE method.
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in electrochemical metal ions analysis (Florence, 1970; 
Wu, 1996; Agra-Gutiérrez et al., 1998; Ouyang et al., 
2011). Unfortunately, these electrodes have limited use due 
to the toxicity of the waste generated.

In the presence of foreign cations, the sensitivity 
of Hg(II) detection by the N-rGO modified GCE has 
decreased slightly due to amalgamation and competition 
for active surface sites. However, the shape of Hg(II) peak 

and the correlation coefficient of Hg(Ⅱ) remain excellent 
regardless of the interfering cations. 

Spiked water sample analysis

Detection of Hg(Ⅱ)was also performed by N-rGO modified 
GCE using a water sample collected from Hubing Pond 
(location: Hefei University of Technology (Hefei City, 
Anhui Province, China). The sample was acidified to 
pH 5.0 with ABS before measurements. Detection of 

Figure 12: SWASV responses of the N-rGO modified GCE for Hg(Ⅱ) in the presence of other cations (a) 0.5 µmol L-1 Cd(Ⅱ) (b) 0.5 
µmol L-1  Pb(Ⅱ) (c) 0.5 µmol L-1  Cu(Ⅱ) (d) 0.5 µmol L-1  Cd(Ⅱ), Pb(Ⅱ) and Cu(Ⅱ).

Figure 11: (a) X-ray photoelectron spectroscopy survey of N-rGO before adsorption and after adsorption (b) The comparison of N-rGO 
and rGO in the adsorption of Hg(Ⅱ). The inset is the mercury atomic ratio of rGO-Hg(Ⅱ) and N-rGO-Hg(Ⅱ).
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Hg(Ⅱ)in the sample was carried out by SWASV using the 
standard addition method. No Hg(Ⅱ) was found in the pond 
water. As shown in Table 3, the spike recovery and relative 
method error was 98.3% and 1.17%, respectively. The 
results indicate the applicability of the N-rGO modified 
GCE for detection of Hg(Ⅱ)in natural water.

CONCLUSION

Nitrogen-doped graphene (N-rGO) has been successfully 
synthesized by a single-step hydrothermal method using 
graphene oxide and urea as starting materials to fabricate 
an electrochemical sensor to detect Hg(Ⅱ) in solution. The 
N-rGO shows excellent sensitivity (19.38 μA µmol L-1) 
and LOD (9.29 nmol L-1) to detection of Hg(II) compared 
with rGO. The nitrogen derived functional groups present 
in N-rGO play an important role in re-oxidizing metals. 
The experimental and molecular modelling data confirmed 
the chemical interactions between Hg(Ⅱ) and N-rGO. 
The N-rGO modified GCE has been successfully used 
for Hg(Ⅱ) spike recovery experiments in a lake water 
matrix. Nitrogen doping is efficient in tuning the electronic 
structure of the graphene lattice. The experimental data 
associated with theoretical calculations show a promise in 
fabricating chemically modified electrochemical sensors 
for rapid monitoring of metal ions.  
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