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The novel reduced graphene oxide-bismuth (RGO-Bi) nanocomposites were successfully synthesized through one-step electrochem-
ical reduced deposition and used to modify disposable screen-printed electrode (SPE) for determination of Pb(II). By electrochemical
deposition, a large number of Bi particles were distributed on RGO. Combined the unique structure and electronic properties of RGO
with the ability of Bi to form alloys with other metals, the RGO-Bi/SPE has shown wide linear range and low detection limit for
determination of Pb(II). Additionally, the RGO-Bi/SPE was successfully applied to the rapid determination of Pb(II) in real coastal
sediment pore waters.
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Heavy metal pollution is becoming more and more serious in the
coastal zone environment.1 Electrochemical techniques are widely
used in the determination of metal ions owing to the advantages of
low cost, high sensitivity, and great convenience in operation, etc.2

Recently, various bismuth-based electrodes have been extensively
used for heavy metals detection through anodic stripping voltammetry
(ASV) instead of mercury-based electrodes3–5 owing to the low tox-
icity, wide potential window, and insensitivity to dissolved oxygen,
ect.6,7 Reduced graphene oxide (RGO) is a new carbon nanomate-
rial, which has been widely used for its unique structure and elec-
tronic properties.8–11 Many bismuth-based electrodes modified with
nanomaterials,8,12–17 such as carbon nanotube, graphene, etc., have
been reported for the determination of heavy metals.

In this paper, we report a new method to fabricate a RGO-Bi
nanocomposite modified SPE (RGO-Bi/SPE) by one-step electro-
chemical deposition. Pb(II) was used as a model to be detected at
RGO-Bi/SPE because Pb(II) is one of the major pollutants in both
terrestrial and aquatic ecosystems.18,19 The linear response was in the
concentration range of 0.05–20 μM with a detection limit of 6.8 nM
in the optimized situation. The repeatability of the RGO-Bi/SPE was
also excellent with the RSD of 4.6%.

Experimental

Materials and instruments.— All chemicals and reagents were of
analytical grade. The morphologies of modified electrodes were char-
acterized by scanning electron microscopy (SEM Hitachi S-4800). In-
ductively coupled plasma-mass spectrometry (ICP-MS, ELAN DRC)
was used for comparative testing. Electrochemical Work Station (CHI
660D) was used throughout all electrochemical experiments. SPE
which includes a screen-printed carbon working electrode (3 mm in
diameter), carbon auxiliary electrode and a silver chloride reference
electrode were purchased from Taiwan Chanpu Science and Technol-
ogy Company.

Preparation of the RGO-Bi/SPE electrode.— Prior to use, SPE was
rinsed and ultrasonicated with deionized water and then subjected to
potential cycling (−0.6∼0.6 V, 10 mV/s) in 0.5 M H2SO4. Bi(III)
solution (120 mg/L) was mixed with the prepared GO (1.0 mg/mL)
dispersion in volume ratio of 1:2 and ultrasonicated for 1 min. Sub-
sequently, 5 μL mixed GO-Bi(III) suspensions were dropped on the
surface of SPE and dried using an infrared lamp. Then the modified
SPE was dipped into 10 mL 0.1 M HAc-NaAc (pH 4.5) and elec-
trochemically reduced at −1.3 V for 500 s. As a contrast, RGO/SPE
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and Bi/SPE were prepared through dropping 5 μL GO and Bi(III)
solutions on the SPE and applying a constant potential of −1.3 V for
500 s respectively.

Electrochemical analysis procedure.— Pb(II) was preconcentrated
by applying a constant potential of −1.2 V for 300s and then the oxi-
dation responses of Pb were investigated by differential pulse voltam-
metry (DPV).

Preparation of Sediment Sample.— Sediment samples were col-
lected from the intertidal zone of bohai, Shandong, China. Sample
treatments were according to the previous report.20

Results and Discussion

Characterization of the RGO-Bi/SPE electrodes.— As shown in
the Figures 1A and 1B, CVs at GO/SPE and bare SPE were almost
the same. The RGO/SPE showed an excellent electrochemical perfor-
mance for the good conductivity of RGO. The CV of RGO-Bi/SPE
always presented a good electrochemical performance with an obvi-
ous oxidation peak of bismuth. In Figures 1C and 1D, the RGO on the
surface of SPE was almost smooth and with some little drapes, how-
ever, the surface morphology of RGO-Bi/SPE was much rougher and
a large number of particles in 30∼50 nm diameter were distributed on
it. The electrochemical deposition of GO and Bi(III) were occurred
simultaneously in buffer solution. Owning to the percentage of GO is
higher than Bi(III) and the reduction peak of GO is more negative, so
the reduction of Bi(III) would form a nucleus and coalesce with the
surrounding Bi(III) and finally result in the nanoparticles. The CV and
SEM results indicated that we can put the GO and Bi(III) reduced on
the SPE simultaneously through an one-step electrochemical reduced
deposition method.

Properities of the sensors.— From the Figure 2, two small oxida-
tion peaks of Pb can be seen at RGO/SPE and Bi/SPE .While the peak
current of Pb at RGO-Bi/SPE was more than the total peak current at
the RGO/SPE and Bi/SPE. These results suggested that the RGO-Bi/
SPE has a favorable response to the Pb(II). As shown in Figure 2,
the oxidation peak potentials of Pb at Bi/SPE and RGO-Bi/SPE shifted
negatively. It may be caused by that the bismuth and Pb formed al-
loys, which can make the oxidation of Pb easier and the oxidation
peak potential more negative.

Optimization of the experiment conditions.— To optimize the elec-
trochemical responses of Pb(II) at RGO-Bi/SPE, the ratio and volume
of GO-Bi(III) mixed solution, deposition potential and deposition time
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Figure 1. Cyclic voltammograms (A and B) of bare SPE (a) GO/SPE (b) RGO/SPE (c) and RGO-Bi/SPE (d) in 0.1 M HAc-NaAc (pH 4.5) solution in the potential
range of −0.6 to 0.6 V. Scan rate: 50 mV/s. SEM pictures of RGO/SPE (C) and RGO-Bi/SPE (D).

were studied in 0.1 M HAc-NaAc (pH 4.5) containing 1 μM Pb(II).
The maximum response was obtained when 5 μL mixed solution, in
which volume ratio of Bi(III) and GO solutions was 1:2, was selected
with the deposition potential of −1.2 V and deposition time of 300 s.

Electrochemical response characteristics.— The calibration curve
of the Pb(II) determination was derived from the DPVs obtained at
the RGO-Bi/SPE in 0.1 M HAc-NaAc (pH 4.5) under the optimum
conditions. As shown in Figure 3, the resulting calibration plot had
a favorable linear range in 0.05∼20 μM. The equation for linear
regression was ip = 1.57C + 0.030, the linear correlation coefficient
and the slope of the calibration plot were 0.998 and 1.57 ± 0.20
respectively, with the standard error estimate of 0.24. The detection
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Figure 2. Differential pulse voltammograms of Bi/SPE (a), RGO/SPE (b)
and RGO-Bi/SPE (c) in 0.1 M HAc-NaAc (pH 4.5) solution containing 1 μM
Pb(II).

limit of Pb(II) at RGO-Bi/SPE was 6.8 nM (s/n = 3). Compared
to the LOD of the similar work that carbon nanomaterials modified
electrode,12,16,21 the LOD of our work is not improved obviously, but
the linear range is wider and the preparation of the modified electrode
is easier and more convenient.

Study of interference, reproducibility and stability.— Under the
±5.0% tolerated ratios, it was found that 100-fold K+, Na+, Ca2+,
Mg2+, Mn2+, Cr3+, Cl−, NO3

−, 50-fold Fe3+, Zn2+, 20-fold Cu2+

and 15-fold Sn2+, Cd2+ had no significant effect on the signals of
Pb(II). Reproducibility was investigated for 8 times determination of
1 μM Pb(II) and the relative standard deviation (RSD) was 4.6%. The
electrode was continuously used twice each day. After three days,
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Figure 3. The calibration curve for Pb(II) determination. Insert: Differential
pulse voltammograms obtained using the RGO-Bi/SPE for Pb(II) at different
concentrations (bottom to top: 0.05, 0.2, 0.8, 2, 5, 10, 20 μM) in 0.1 M HAc-
NaAc (pH 4.5).

) unless CC License in place (see abstract).  ecsdl.org/site/terms_use address. Redistribution subject to ECS terms of use (see 128.122.253.212Downloaded on 2015-07-16 to IP 

http://ecsdl.org/site/terms_use


ECS Electrochemistry Letters, 4 (9) H43-H45 (2015) H45

the current response decreased about 16.5% compared to its initial
response. The stability of the RGO-Bi/SPE is not good. However,
considering that the SPE is a disposable electrode, the requirement of
stability is not very strict.

Analysis of Pb(II) in real sample.— The RGO-Bi/SPE was used
for the determination of Pb(II) in real coastal sediment pore water
samples. Standard additions of Pb(II) were applied during the mea-
surement. The calculated result (70.06 nM) was in agreement with the
value detected by ICP-MS (68.69 nM).

Conclusions

In summary, one-step synthetic RGO-Bi/SPE by electrochemical
deposition was successfully used to the determination of Pb(II). It ex-
hibites a favorable electrochemical performance with excellent linear
responses in a wide concentration range, together with the limit of
6.82 nM for Pb(II). Based on the easy establishment of the mod-
ified electrode, this electrochemical sensor may have a promising
usage in the rapid and on-spot determination of heavy metals in the
environments.
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