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In this paper, N-doped reduced graphene oxide and MnO2 nanocomposite (N-RGO/MnO2) was synthesized via hydrothermal method, which was used to modify the glass carbon electrode (GCE) for electrochemical detection of Hg2þ. p-phenylenediamine was used as the nitrogen source and “bridging”
molecule between MnO2 and RGO. The electrochemical sensing performance towards Hg2þ was evaluated by square wave anodic stripping voltammetry method. The presence of N-RGO/MnO2 nanocomposite has enhanced the electrochemical performance of the GCE toward Hg2þ. The N-RGO/MnO2
nanocomposite modiﬁed electrode was found to have a good sensitivity toward Hg2þ and the favorable
sensitivity (72.16 mA/mM) and LOD (0.0414 nM) for Hg2þ were achieved under the optimized conditions.
Moreover, the modiﬁed electrode possessed a good stability and reproducibility. The excellent performance can be attributed to the characteristic nanostructure and N-doping property of the N-RGO/MnO2
nanocomposite. This electrochemical sensing strategy is expected to enrich the application ﬁeld of
electrochemical determination and does good to the issue of environment pollution analysis.
© 2018 Elsevier Ltd. All rights reserved.
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1. Introduction
Hg2þ is considered as one of the most hazardous pollutants in
the environment and has extreme toxicity to the human even in a
very low concentration. The accumulation of Hg2þ in the ecosystem
can result in the contamination of drinking water and food products. And the acceptable limit of Hg2þ in drinking water has been
set by the World Health Organization (WHO) as 30.0 nM, so it is of
great signiﬁcance to achieve a sensitive and rapid detection of Hg2þ
[1e3]. There are many analytical techniques available for the
detection of Hg2þ, such as atomic absorption spectrometry [4,5],
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inductively coupled plasma mass spectrometry [6,7], X-ray ﬂuorescence spectrometry [8], and enzyme-linked immunosorbent
assay (ELISA) [9]. Generally, these techniques can reach a reliable
and good sensitivity toward Hg2þ. However, the disadvantages of
the high cost, time-consuming and professional-required drive
people hunt for other analytical methods to make the determination of Hg2þ more convenient and economic. The electrochemical
analytical method now is widely used for its high sensitivity and
stability, low cost and easy-operation to achieve a trace level Hg2þ
[10e13]. To date, square wave voltammetry (SWV) analytical
technique has become one of the most powerful techniques for the
detection of inorganic Hg2þ [14e16].
The nanostructured materials-based modiﬁed electrodes have
attracted much attention in electrochemical analysis [17] and been
studied to achieve a sensitive detection of Hg2þ [18e21]. such as Au
NPs [22]. graphitic carbon nitride [23]. Zhao et al. [24] prepared
polypyrrole/reduced graphene nanocomposite for the detection of
toxic metal ions and found nanocomposite has highly selective
adsorption ability toward Hg2þ with excellent sensitivity
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(0.124 mA nM 1) and LOD (15 nM).
Graphene, as a trendy material, and graphene-based nanocomposites have been employed in the last years for the fabrication
of electrode surfaces applied to the determination of Hg2þ because
of its large speciﬁc surface area and high electrical conductivity
[22,25e27]. Graphene can be easily composited with nanoparticle
(Au [28,29], Pt [30] etc.), organic molecules (DNA [31], polymers
[32] etc.) or inorganic composite materials to the application of
Hg2þ ion determination. Zhou et al. [33] prepared liquid functionalized graphene and gold nanoparticles (Au NPs-GO-IL) composites
and modiﬁed onto the glass carbon electrode. The Au NPs-GO-IL
showed highly enhanced electron conductivity and good sensitivity toward Hg2þ. Graphene herein plays a role of loading other
added components and its nanostructured composites greatly
facilitate electron-transfer process and the sensing behavior for
Hg2þ, leading to a remarkably improved sensitivity and selectivity.
In recent years, graphene-based metal oxide nanocomposites
have received great attention because of their excellent properties
[25]. MnO2 is an environment-friendly, low-cost material, which
has been widely studied in the sensors, supercapacitors, and battery [17,34,35]. Zhang et al. [36] studied the three different morphologies of MnO2 nanocrystals as sensing material for the
detection of heavy metal ions and could successfully achieve the
detection of heavy metal ions. Nanocomposites constituted of
graphene and MnO2 are extremely interesting for electrochemical
applications, such as sensors, supercapacitors. Lu et al. [25] used
graphene and MnO2 nanoparticle to synthesize nanocomposite,
which proved the enhanced electrochemical performance toward
Hg2þ with a detection limit of 2.0 mM after modiﬁed onto the glass
carbon electrode. Yuvaraj et al. [37] prepared a-MnO2/reduced
graphene oxide (RGO) nanocomposite using a 3D precursor manganese benzoate dihydrazinate for the sensing applications and it
showed a good sensitivity as well as a low detection limit. Samdani
et al. [34] prepared reduced graphene oxide rGO/MnO2 hybrid
materials via a direct redox reaction and the nanocomposite
showed an improved electrochemical performance and proved to
be an efﬁcient sensor toward dopamine with a low detection limit.
In spite of the enhanced sensing performance, the report on graphene/MnO2 composite material for Hg2þ sensing is much less
extensive and there still exists much room for the properties
improvement of the nanocomposites.
For graphene-based materials, the type and amount of groups
on the graphene surface has a very important inﬂuence on their
properties. Many research has introduced other atom like nitrogen
into graphene to change its structure and improve properties
[38,39]. The related studies showed the doping of N element in the
graphene materials can increase its stability and the adsorption
ability toward Hg2þ. Xing et al. [39] fabricated N-doped graphene
(NG) modiﬁed electrode to detect Hg2þ ion, and the N-doped G
electrode showed better analytical performance than GCE and GCE/
RGO due to the presence of nitrogen functional groups and its
structure with enhanced active surface area. Shi et al. [40] used
citric acid(CA) as the carbon source and 3,4-dihy-droxy-L-phenylalanine (L-DOPA) as the N source to gain nitrogen-doped graphene
composite, and which showed a high sensitivity toward Hg2þ with
a detection limit of 8.6 nM. Therefore, it is expected that the
introduction of nitrogen into graphene material and MnO2 can
further improve its sensor performance toward Hg2þ.
In light of these considerations, we ﬂexibly synthesized Ndoped reduced graphene oxide/MnO2 nanocomposite (N-RGO/
MnO2) using the p-phenylenediamine as the N element source via
hydrothermal method based on our previous work [41]. Then we
modiﬁed glass carbon electrode (GCE) by using N-RGO/MnO2 material for the detection of Hg2þ in water via square wave anodic
stripping voltammetry method. The nanocomposite modiﬁed

electrode was found to possess a good sensitivity toward Hg2þ and
high stability. The method in this study is simple and economic but
very sensitive toward Hg2þ, which enriches the analytical methods
for the electrochemical determination of heavy metal ions.
2. Experimental
2.1. Chemicals and reagents
All reagents were commercially available in this study from
Shanghai Chemical Reagent Co. Ltd with analytical grade and were
used without further puriﬁcation. Acetate buffer solution of 0.1 M
for different pH was prepared by mixing stock solutions of 0.1 M
NaAc and HAc. A phosphate buffer solution (PBS) of 0.1 M for
different pH by mixing stock solutions of 0.1 M H3PO4, KH2PO4,
K2HPO4 and NaOH. Ammonium chloride buffer solution (NH4ClHCl) of 0.1 M was prepared by mixing stock solution of 0.1 M hydrochloric acid and ammonium chloride. The water (18 MU cm)
used to prepare all solution was puriﬁed with the NANOpure Diamond UV water system. All chemicals were of analytical grade and
were used without further puriﬁcation.
2.2. Apparatus
All Electrochemical measurements were carried out using a
CHI660D computer-controlled potentiostat (CHI Instruments Co.,
Shanghai, China). A conventional three-electrode conﬁguration was
employed, consisting of bare or modiﬁed electrodes as a working
electrode, an Ag/AgCl saturated KCl electrode as a reference electrode, and a platinum wire as a counter electrode. The morphology
of N-RGO/MnO2 was investigated by scanning electron microscopy
(SEM, Quanta 200 FEG, FEI Company, USA). Transmission electron
microscopy (TEM) was carried out on a JEM-2010 microscope. X-ray
diffraction (XRD) was carried out using a PW1710 instrument with
Cu K radiation l ¼ 0.15406 nm. X-ray photoelectron spectroscopy
(XPS) analyses of the samples were conducted on a VG ESCALAB
MKII spectrometer using an Mg Ka X-ray source (1253.6 eV, 120 W)
at a constant analyzer.
2.3. Preparation of nanostructured N-RGO/MnO2 composite
Graphene oxide was ﬁrst prepared by Hummers’ method. Then
the RGO-NH2 was synthesized following our previous work [41].
Namely, the 0.3 g p-phenylenediamine (PD) was added into 100 mL
of deionized water. The obtained mixture solution was sonicated
for about 1 h to make it disperse evenly in water. Then the 20 mL
graphene oxide solution(the concentration is 2.5 g/L) and 50 mL
dimethylformamide (DMF) were mixed together to stir for 1 h in a
water bath kettle, and the temperature was kept at 35  C. After that,
100 mL PD solution was added to the above mixture solution and
then stirred for 10 h at 80  C. At last, the repetitive centrifugal
ﬁltration with a mixed solvent of ethanol and H2O (volume ratio
1:1) was conducted, until the liquid supernatant was clear. Then
precipitate was dispersed into the deionized water, the concentration was calculated to 1 g/L.
Finally, the obtained 10 mL RGO-NH2 solution and 30 mL, 0.5 M
KMnO4 solution, as a precursor, were mixed and then transferred
into a 40 mL Teﬂon-lined autoclave and heated at 150  C for 20 h.
After cooling to room temperature, solid precipitate was collected
by centrifugation and washed ﬁve times with water and ethanol,
respectively. The as-prepared samples were dried at 60  C for18 h.
2.4. Preparation of modiﬁed electrodes
Prior to modiﬁcation, the bare glass carbon electrode was
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sequentially polished with 0.3 mm and 0.05 mm alumina powder
slurries to a mirror shiny surface, and then successively sonicated
with 1:1 HNO3 solution, ethanol and deionized water for 2 min in
order to remove any adsorbed substances on the electrode surface.
Then N-RGO/MnO2 (3 mg) were dissolved in 3 mL of the deionized
water and sonicated for 30 min to get a homogeneous suspension.
A 6 mL aliquot of this suspension was then pipetted onto the surface
of a freshly polished GCE and dried under a nitrogen atmosphere.
For comparison, GO, MnO2, N-RGO and RGO/MnO2 modiﬁed GCEs
were prepared in the same manner. The surface of the modiﬁed
electrode was regenerated after polishing before the next
measurement.

3. Result and discussion
3.1. Morphologic characterization of N-RGO/MnO2 nanocomposite
The morphology of N-RGO/MnO2 hybrid materials was characterized by SEM and TEM as shown in Fig. 1a and b. It can be clearly
seen that a graphene sheet was coated with lots of MnO2 ﬂowerball with different sizes. The large special surface areas of graphene sheets provided the place for the growth of MnO2 ﬂower,
and the doping of nitrogen element prior to this step has also
brought more active sites for the growth of MnO2 [42]. So, welldispersed MnO2 with large surface area N-RGO had advantages in
sensor sensitivity. Further information can be got by the XRD
pattern and XPS images(Fig. 1c and d). The XRD pattern in Fig. 1c
veriﬁed the crystalline structure of N-RGO/MnO2. The peaks at
12.3 , 24.6 , 36 and 65.4 are indexed to (001), (002), (110) and
(312) reﬂections, respectively (JCP Ds No.42-1317). The XPS spectra
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of N-RGO/MnO2 showed the signals of O 1s, N 1s, Mn 2p, and C
1s(Fig. 1d). And three peaks pyridinic N, graphite N, and pyrrolic N
existed in the high-resolution XPS spectra of N element (the insert
of Fig. 1d), which proved the successful N element into the graphene material. And also, it can be found that GO was reduced to
RGO during the preparation process of RGO-NH2 and N-RGO/MnO2
nanocomposite according to the C 1s spectra (Fig. S2).

3.2. Electrochemical characterization of N-RGO/MnO2
nanocomposites
Cyclic voltammetry (CV) and Electrochemical impedance spectroscopy (EIS) were usually carried out to characterize the electrochemical performance of modiﬁed electrodes, which shows the
explicit information about electron transfer kinetics of the redox
probes [43,44]. The modiﬁed electrodes were chemically characterized using CV and EIS in the solution of 5 mM Fe(CN6)3-/4- and
0.1 M KCl in this study (Fig. 2).
Compared with bare glass carbon electrode (GCE), the peaks of
anodic and cathodic from the graphene oxide modiﬁed electrode
decreased. This can be explained as the existence of many functional groups including hydroxyl, epoxy and carboxyl groups,
which obstruct the path of Fe(CN6)3-/4- to the electrode surface and
inﬂuence the mass electron transfer [45,46]. While we can easily
ﬁnd that RGO/MnO2 provides a well-deﬁned peak and higher current, which is due to the high speciﬁc surface area the graphene
oxide provides for the growth of MnO2. And it shortens the way of
Hg2þ ion diffusion in the electrolyte [25]. After using the N-RGO/
MnO2 composite modiﬁed electrode, the peak current shows a
higher value. This reveals that the addition of amidogen improves

Fig. 1. SEM images (a and b) and TEM image (c) of N-RGO/MnO2. XRD pattern (d) and XPS (e and f) of N-RGO/MnO2.
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Fig. 2. (a) Cyclic Voltammograms measured with bare, graphene oxide, MnO2/Graphene oxide and N-RGO/MnO2 nanocomposite modiﬁed GCE; (b) Nyquist diagram of electrochemical impedance spectra for bare and N-RGO/MnO2 nanocomposite modiﬁed GCE in the solution of 5 mM Fe(CN)63-/4- containing 0.1 M KCl.

the rate of electron transfer at the modiﬁed electrode surface and
the conductivity of graphene has also improved. Same as the previous report, the graphene oxide's adsorption performance to some
heavy metal ions can be obviously enhanced after with amidogen
groups [47,48]. And the N-doped graphene's material electrical
capacity and stability all have some good effects. The synergistic
effect of transition metal oxide MnO2 and graphene does help to
increase electrochemical property.
The interface properties of the modiﬁed electrodes using
different materials were further conﬁrmed using EIS. Generally, it
includes a semicircle portion and a liner portion in a typical Nyquist
plot shown in Fig. 2b. The semicircle at higher frequency range is
corresponding to the electron transfer resistance (Ret), while the
linear part is consistent with the diffusion limited [49]. The
equivalent electrical circuit was used to ﬁt the EIS data (Fig. S4).
According to the ﬁtted data shown in Table S1, Ret value of GCE is
about 262.2 U. After modiﬁcation with N-RGO/MnO2 nanocomposite, there was almost a very small semicircle domain and
almost a straight line, implying a very low electron transfer resistance. The Ret compared with GCE decreased signiﬁcantly to
20.36 U, which reveals the N-RGO/MnO2 material accelerate the
electron transfer between the electron and the electrochemical
probe at the modiﬁed surface. At the same time, the Ret of N-RGO/
MnO2 nanocomposite is much lower than that of RGO/MnO2
nanocomposite (155.7U). This veriﬁes the synergistic effect of Ndoping and “PD bridging” for N-RGO/MnO2 nanocomposite. All
these results are consistent with the CV data above.
To further explore the stripping response of modiﬁed electrodes
with different materials to Hg2þ heavy metal ions, SWASV analytical characteristics were employed. The individually stripping voltammograms of 0.5 mM Hg2þ in 0.1 M acetate buffer (pH 5.0) at bare
GCE、MnO2, GO, N-RGO, RGO/MnO2, and N-RGO/MnO2 were
compared and shown in Fig. 3. When the accumulation process was
carried out for 150 s at 1.0 V for 0.5 mM Hg2þ in 0.1 M acetate
buffer (pH 5.0), a very weak peak at bare GCE electrode was
observed in the potential range of 0.5 V to þ1.0 V. The stripping
peak at GO modiﬁed electrode is just a little higher than those at
Bare GCE, while near no obvious peak at the MnO2 composite
modiﬁed electrode. Under the same conditions, a better stripping
response for N-RGO, RGO/MnO2, and N-RGO/MnO2 modiﬁed electrodes were observed, when compared with other modiﬁed electrodes. Compared with N-RGO modiﬁed electrode, it has a higher
peak current at RGO/MnO2 electrode, which shows the coexist of
graphene oxide and MnO2 is helpful to enhance electrochemical
performance toward Hg2þ [50]. Among the different modiﬁed

Fig. 3. SWASV responses for 0.5 mM Hg2þ on different modiﬁed electrodes in 0.1 M
NaAc-HAc (pH 5.0). Under the conditions: deposition potential 1.0 V, accumulation
time 150s, step potential 5 mV, amplitude 20 mV, frequency 25HZ.

electrodes, N-RGO/MnO2 showed the sharpest and highest peak
current. This suggested N-RGO/MnO2 is more suitable for the
accumulation of Hg2þ during the preconcentration process and
have a good electrochemical performance toward Hg2þ, which
could result in an increased sensitivity. So the N-RGO/MnO2
nanocomposite was chosen to modiﬁed glass carbon electrode to
have a better stripping response toward Hg2þ.
3.3. Optimization of experimental conditions
In order to gain high sensitive electrochemical performance for
trace level Hg2þ detection N-RGO/MnO2 nanocomposite modiﬁed
GCE, the effect of experimental parameters, which includes supporting electrolytes, pH value, deposition potential and deposition
time, were discussed in the solution containing 0.5 mM Hg2þ
(Fig. S3).
Buffer solution had the ability to ﬁx pH value and ionic strength.
Therefore, it is widely used as supporting electrolyte. Under
different electrolytes, the effectively and sensitivity for electrochemical detection will be greatly varied. Fig. S3 (a) showed the
stripping voltammograms for Hg2þ ions at pH 5.0 in three different
supporting electrolytes: 0.1 M NH4Cl-HCl, PBS, and NaAc-HAc.
Three well-deﬁned and sharp peaks were observed in the three
solutions. While, it is not easily to ﬁnd the peak of Hg2þ in the
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NaAc-HAc solution are the highest among these peaks. This reveals
that the optimum sensitivity existed in NaAc-HAc solution. Thus
0.1 M NaAc-HAc buffer solution was employed in next experiments.
The pH value of buffer solution has a direct effect on the accumulation process of target ions, thus brings the inﬂuence on the
sensitivity. The pH value range from 3~7 was used to compare the
voltammetric behaviors in 0.1 M NaAc-HAc solution. In this case,
the deposition potential and time were 1.0 V, 150 s. As shown in
Fig. S3(b), the peak current changed along with the different pH
value. The peak current increased as the pH from 3 to 5, and then
decreased if the value is more than 5, and it reached the maximum
at 5.0. With the decrease of pH value within 5, the adsorption
ability of Hg2þ to the electrode surface also improves. But it would
become poor with the continuous decrease of pH value, which can
be ascribed to the weakening electrostatic attraction between Hg2þ
species and surface active sites to adsorb target ions of N-RGO/
MnO2 in the higher pH solution. As a result, 0.1 M NaAc-HAc of pH
5.0 was selected as the supporting electrolyte for the measurement
in further experiment.
The deposition potential is also a very important parameter to
the sensitivity of sensor. Different potentials were used to gain the
data about the relationship between the peak current and deposition potential for 0.5 mM Hg2þ in 0.1 M NaAc-HAc, pH 5.0 solution.
In Fig. S3(c), when the deposition potentials shifts from 1.8e1.5 V,
the stripping peak currents for Hg2þ increased. While as the potential continue to increase, there is a clear trend in peak currents
decrease. The peak current for Hg2þ reached a maximum at
potential 1.5 V. This may be due to the reduction of hydrogen and
generation of H2 at higher potential, which results in a decrease
area that Hg2þ ions were adsorbed onto the modiﬁed surface. Thus
the stripping response has a poor performance. Therefore, we
choose 1.5 V as the optimal deposition potential for subsequent
experiment.
To get the optimal deposition time for the good detection limit
and sensitivity, we choose different deposition time, 90 s, 120 s,
150 s, 180 s, and 210 s (Fig. S3d) at 1.5 V in 0.1 M NaAc-HAc of pH
3.0. With the deposition time become longer, the peak currents are
also higher. When the deposition time was prolonged to 210 s,
there was an obvious decrease in peak current and the value is even
lower than those at 180 s. At 180 s, there is a highest peak current,
which suggests that a large number of Hg2þ accumulated on the
modiﬁed electrode surface. As a result, 180 s was chosen as the
deposition time.
Finally, the experiment conditions after the optimization for
Hg2þ detection at the N-RGO/MnO2 nanocomposite modiﬁed GCE
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were in 0.1 M NaAc-HAc (pH 5.0) solution by depositing for 180 s,
under the deposition potential of 1.5 V. Other parameters such as
step potential, amplitude and frequency were 5 mV, 20 mV and
25 Hz, respectively.
3.4. Electrochemical detection of Hg2þ with N-RGO/MnO2 electrode
Next, Hg2þ was detected at N-RGO/MnO2 modiﬁed GCE using
SWASV under the optimal conditions. Fig. 4 shows the SWASV responses of the N-RGO/MnO2 nanocomposite electrode toward Hg2þ
at different concentrations from 0.01 mM to 0.2 mM and welldeﬁned peaks can be found under each of these concentrations.
Hg2þ ion was detected at potential of þ0.25 V. The plot of peak
current versus the concentration was linear relationship. The linear
equation was i/mA ¼ 0.82 þ 72.16C (mM), with the correlation
coefﬁcient of 0.997. The sensitivity of the N-RGO/MnO2 nanocomposite electrode is available from the slope of the calibration
plot(insert of Fig. 4b). We could obtain the sensitivity of 72.16 mA/
mM and the lowest detectable concentration (0.01 mM) in the
experiment. The experimental limit of detection (LOD) was calculated to be 0.0414 nM by the 3s method. This value is much lower
than the guideline values in the World Health Organization (WHO)
drinking water guidelines [51]. In preconcentration process, Hg2þ
was adsorbed onto the surface of N-RGO/MnO2, and then Hg2þ was
released onto the electrode surface for deposition and stripping.
The addition of amidogen in the nanocomposite can improve its
adsorption capacities toward Hg2þ, and the high speciﬁc surface
area of graphene oxide also helps the diffusion and gathering of
Hg2þ.
The sensitivity and detection limit of the present study, together
with previous determined values for Hg2þ electrochemical sensing
in various other modiﬁed electrodes, are summarized in Table 1.
The detection limit achieved at N-RGO/MnO2 nanocomposite
modiﬁed electrode are much lower than the guideline values in
drinking water given by WHO. The synergistic effect of N-RGO and
MnO2 greatly improved the adsorption property toward Hg2þ and
shown a better electrochemical performance.
3.5. Evaluation of mutual interference
To explore its interference behavior when the other heavy metal
ions(Zn2þ, Cd2þ, and Cu2þ) exist, the concentration of Cu2þ, Cd2þ
were both 0.5 mM, while it was from 0.01 mM to 0.05 mM for Hg2þ.
The stripping of Cu2þ, Cd2þ on the N-RGO/MnO2 electrode
appeared at þ0.268 V, 0.776 V, respectively. As is shown in Fig. 5,

Fig. 4. (a) SWASV response of the N-RGO/MnO2 nonocomposite modiﬁed GCE for the analysis of Hg2þ over a concentration range of 0.01 mMe0.2 mM; (b) Corresponding linear
calibration plot of peak current.
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Table 1
Comparison of current sensitivity with previously reported values of different electrodes for electrochemical detection of Hg2þ.
Electrode

Linear range (nM)

LOD (nM)

Sensitivity (mA/mM)

Ref

graphene-MnO2
rGO
3D-rGO@PANI
Gold-nanoparticle/graphene
Fe3O4-RGO/GCE
N-doped G/GCE
CeO2-RGO/GCE
N-RGO/MnO2-GCE

12000e210000
(3.5e4)  105
0.01e100
0.039e0.25
40e180
70e9000
2e120
10e200

2000
0.2
0.035
0.0299
4
10
0.0218
0.0414

0.106
e
e
35.415
24.19
15.734
103.4819
72.16

[25]
[55]
[56]
[57]
[58]
[39]
[26]
This work

Fig. 5. SWASV response of the N-RGO/MnO2 modiﬁed electrode toward Hg2þ over a concentration range of 0.01 mMe0.05 mM when adding (a) 0.5 mM Cu2þ, and (b) 0.5 mM
Cd2þ,respectively.

the SWASV response of Hg2þ at different concentrations in the
presence of 0.5 mM Cu2þ, and 0.5 mM Cd2þ, respectively. It is easily
found that the peak of Hg2þ increased with the addition of Hg2þ,
which is due to the accumulation on the modiﬁed electrode
become more. The peak current of Cu2þ just changed a little with
the addition of Hg2þ, while the peak of Cd2þ varied greatly. The
sensitivity of Hg2þ decreased obviously when Cd2þ exists. It may be
explained that the formation of Hg ﬁlm on the electrode surface
during the deposition step, which decreased the sensitivity of Cd2þ,
and bought the competition for the limited active sites at the
modiﬁed surface. The obtained result for Hg2þ was consistent with
the report previous [52].
After data analysis, we ﬁnd that the sensitivity of Hg2þ was
113.56 mA/mM, which increased signiﬁcantly than the data before. It
proves the presence of Zn2þ would enhance the detection signal of
Hg2þ to some extent, which can be ascribed to the mutual promotion of adsorption sites between Zn2þ and Hg2þ before the
adsorbing capacity of heavy metal ions reaches saturation. It also
can be observed that with the addition of Hg2þ, the peak currents of
Cu2þ, Cd2þ, and Zn2þ increased to some extent (as shown in Fig. 6).
We know mercury ﬁlm has been widely used to enhance the
sensitivity of other target ions in heavy metal ion detection [53].
This result was likely due to the formation of Hg with other metal
like Cu, intermetallic compounds on the electrode surface during
the deposition step, which increased the sensitivities [54].

Fig. 6. shows the stripping response when the four interference ions exist simultaneously. The concentrations of other three interference ions, Cu2þ, Cd2þ, and Zn2þ are
all 0.5 mM.

and each repetitive detection was conducted after stored at room
temperature for 15 days (shown in Fig. 7). The response toward
Hg2þ has near no change compared with a newly made electrode
and the standard deviation (RSD) was calculated as 3.66%. It suggested that the N-RGO/MnO2 modiﬁed electrode has a good
reproducibility.

3.6. Evaluation of reproducibility
3.7. Real sample analysis
To evaluate the reproducibility of the N-RGO/MnO2 modiﬁed
electrode, we repeated the detection for ﬁve times. The N-RGO/
MnO2 nanocomposite modiﬁed GCE was used to detect 0.02 mM
Hg2þ in 0.1 M NaAc-HAc solution under the optimized conditions,

To achieve the analysis of the actual water sample for the
modiﬁed electrode, the water was taken from the Hubing Lake in
Hefei University of Technology, China. A test on the real water has
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Fig. 7. The repetitive detection toward 0.02 mM Hg2þ after stored at room temperature for 15 days under the optimized conditions in 0.1 M NaAc-HAc solution.

Table 2
Determination of Hg2þ in real samples (number of samples assayed ¼ 3).
Sample

Hg2þ added (mM)

Hg2þ found (mM)

Recovery (%)

Lake water

0.05

0.0515

103%

been performed using Hg2þ. The real sample was diluted with 0.1 M
NaAc-HAc buffer solution (pH 5.0) in a ratio of 1:9, and no further
sample treatment was done. No obvious signals for Hg2þ were
observed in the sample. Then the Hg2þ was added to spike the
diluted sample and the recovery study was carried out by further
standard addition of Hg2þ into the real sample to evaluate the
validity of the proposed method for the determination. The result is
shown in Table 2 and the recovery was calculated to be 103%, which
revealed that the proposed method has potential for practical
application.
4. Conclusion
In summary, N-RGO/MnO2 nanocomposite was successfully
prepared by the hydrothermal method. Flower-like MnO2 nanostructures grew on the surface of RGO-NH2. The introduction of N
element into the graphene material increased the active sites, and
graphene played the substrate role of loading MnO2. p-phenylenediamine was used as not only the nitrogen source, but also the
“bridging molecule” between graphene and MnO2. The N-RGO/
MnO2 nanocomposite could be used for the electrochemical of
Hg2þ by SWASV in aqueous solution. The favorable sensitivity
(72.16 mA/mM) and LOD (0.0414 nM) for Hg2þ were achieved under
the optimized conditions. And the N-RGO/MnO2 nanocomposite
modiﬁed electrode had a high stability and reproducibility, which
offers a reliable method to detect Hg2þ. The current work may
provide a promising method for the design of new sensing materials in the application ﬁeld of electrochemical detection of Hg2þ
and other toxic metal ions.
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