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a b s t r a c t
Determination of arsenite [As(III)] without interference in mild condition is crucial for portably assessing
arsenic contamination using electrochemical method. We have developed high-surface area nanoporous
gold (np-Au) with a three dimensional, interconnected ligaments and nanoporous structure for the
electrochemical detection of As(III) in 0.1 M HAc-NaAc solution (pH 5.0) without using strong acidic electrolyte. Square wave anodic stripping voltammetry (SWASV) using the np-Au modiﬁed glassy carbon
electrode (GCE) conﬁrms the successful detection of As(III) with almost no interference from some commonly coexisting ions. Furthermore, the sensitivity of the np-Au modiﬁed GCE exhibited approximately
10-fold enhancement as compared to Au nanoparticles (Au NPs) modiﬁed GCE. Finally, the proposed
method is successfully applicable for analysis of As(III) in real water samples with satisfactory recoveries. The np-Au modiﬁed GCE shows enhanced anti-interference and excellent sensing performance may
be attribute to its special surface structure and the fast transports of analytes and electron in the interface
of electrode.
© 2016 Elsevier B.V. All rights reserved.

1. Introduction
The presence of arsenic (As) in food and water is a serious worldwide threat to public health, exposure to which can cause a lot of
health problems, including skin lesions, keratosis (skin hardening),
respiratory, mutagenic, and carcinogenic effects [1,2]. The contamination of groundwater by arsenic has been reported in 20 countries
where arsenic levels in drinking water are above the World Health
Organization (WHO) guideline value of 10 ppb [3–5]. In the natural
environment, Arsenic is predominantly present as trivalent arsenite [As(III)] and pentavalent arsenate [As(V)], and As(III) is reported
to be 40–70 fold more toxic than As(V) [6–8]. So it is of utmost
urgent to develop sensitive, fast, selective, and reliable analytical
methods for As(III) detection.
Up to now, a variety of methods including graphite furnace
absorption spectrometry (GFASS), electro-spray MS (ES-MS) coupled to chromatographic separation (HPLC,GC), neutron-activation
analysis (NAA), inductive coupled plasma mass spectrometry (ICPMS), X-ray ﬂuorescence (XRF), atomic emission spectrometry
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(AES) generally with inductively coupled plasma (ICP-AES), and
so on [2,6,9–14], have been used for the determination of As(III).
Nevertheless, these techniques require expensive instruments,
time-intensive, laboratory setup, and well trained technicians for
their handling, which can not be routinely used for in-situ analysis.
Compared to these techniques mentioned above, the low-cost electrochemical methods, particularly stripping voltammetry analysis
may provide an attractive alternative for their excellent sensitivity,
simple operation, and ease of portability [15,16].
Recently, many kinds of electrode materials including platinum
[8,17], mercury [18,19], boron-doped diamond [20,21], modiﬁed
GCE [22], and gold electrode [23–25], have been developed for
determination of As(III). Because of their high hydrogen overvoltage, highly sensitive, and reversibility, the nanosized Au and
Au-based materials have received more attention in the electrochemical detection of As(III). Srivastava et al. [26] determined
As(III) at a graphene paste electrode modiﬁed with the thiacrown
1,4,7-trithiacyclononane (TTCN) and gold nanoparticles (AuNPs)
with potentiometric stripping analysis (PSA), and obtained an
LOD of 8 pM, more importantly, the modiﬁed electrode displays
a 15-fold enhancement in the PSA signal (dt/dE) compared to a
conventional graphene paste electrode. Using SWV, Ohsaka et al.
[15] found a limit of detection of 0.28 ppb with a sensitivity of
27.27 ± 0.01 A cm−2 M−1 for As(III) in 0.1 M phosphate buffer
(PB) solution (pH 1) on a Au(111)-like poly-Au electrode. Dar
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Fig. 1. Structures study of AuCu NPs and np-Au. a) and c) SEM images of the AuCu NPs and np-Au prepared through the standard procedure. b) and d) TEM images of the
AuCu NPs and np-Au prepared through the standard procedure. e) XRD pattern of the AuCu NPs and np-Au. f) EDS spectrum of the AuCu NPs and np-Au. The insets in panel
b and d are corresponding SAED pattern. Scale bar, a) and c) 500 nm, b) and d) 50 nm, respectively.

et al. [27] measured As(III) on silver nanoparticle (AgNPs)-graphene
oxide (GO) composite modiﬁed glassy carbon electrode (GCE) in
0.1 M H2 SO4 solution by SWV (square wave voltammetry), and
obtained a sensitivity of 180.5 A M−1 with a LOD of 0.24 nM.
Raj et al. [24] used a gold nanoelectrode ensembles (GNEEs) to
determine As(III) by SWV in 1 M HCl media and obtained an LOD
of 0.02 ppb with a sensitivity of 235.5 A M−1 . Compton’s group
[5] investigated As(III) detection by SWV in 1 M HCl media on a
gold nanoparticle modiﬁed GCE giving an LOD of 4.4 ppb with a
sensitivity of 95 A M−1 . Chen et al. [25] determined As(III) on a
gold-nanoparticle embedded naﬁon composite modiﬁed on glassy
carbon electrode using SWV in a medium containing 0.1 M EDTA
and 0.1 M PB buffer (pH 5.0) and achieved an LOD of 0.047 ppb with
a sensitivity of 23.98 A M−1 . Huang et al. [28] measured As(III) in
0.1 M PB aqueous solution with 0.01 M EDTA by SWV and obtained
an LOD of 0.0025 ppb with a sensitivity of 16.15 A M−1 on Au NPs
modiﬁed GCE. Xiao et al. [16] detected As(III) in 0.1 M HCl media
on a Au NPs modiﬁed carbon nanotubes and an LOD of 0.1 ppb
but more importantly a sensitivity of 1985 A M−1 was obtained
with SWV. Hossain et al. [29] prepared gold nanoparticle-modiﬁed

GCE by electrodeposition for As(III) determination in 3 M HCl by LSV
(linear sweep voltammetry) with an LOD of 1.8 ppb and a sensitivity
of 320 A cm−2 M−1 . Other approaches include that of Huang and
coauthors [30], who used Au micro wire electrodes to determine
As(III) in N2 H4 ·2HCl electrolyte (pH 0.5) by SWV obtained an LOD
of 5.01 ppb and a sensitivity of 35.4 nA M−1 . Zen et al. [31] reported
a poly(L-lactide) stabilized gold nanoparticles (designated as PLAAuNP ) modify a disposable SPE (screen-printed carbon electrode)
for the detection of As(III) by DPASV (differential pulse anodic stripping voltammeter) in 1 M HCl media and obtained an LOD of 0.09
ppb with a sensitivity of about 6.43 A M−1 . Giacomino et al. [8]
detected As(III) in 0.25 M HCl media on a lateral gold electrode with
an LOD of 0.06 ppb. Through careful investigation, we found that
most of the reported on As(III) detection using Au or Au-based electrodes under strongly acidic media (such as HCl, H2 SO4 , HNO3 ),
which could suffer the problems from generating toxic arsine gas
and the interference from H2 evolution. Furthermore, the major
problems associated with the available Au or Au-based electrodes
are the interference from some commonly coexisting ions such as
Cu(II), Hg(II) present in the real water sample, and the interference
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Fig. 2. Typical SWASV response of a) Au NPs and c) np-Au modiﬁed GCE for analysis of As(III) in different concentration range. b) and d) The corresponding plot of the analysis
of stripping currents (squares) and the peak area (columns; integration limits:−0.30–0.16 V) as a function of As(III) concentrations. Supporting electrolyte, 0.1 M HAc-NaAc
(pH 5.0); deposition potential, −0.8 V; deposition time, 150 s; amplitude, 25 mV; increment potential, 4 mV; frequency, 15 Hz. The dotted line refers to the baseline.

due to supporting electrolyte anions. Among these, anodic stripping voltammetric detection of As(III) without interference of Cu(II)
remains a big challenging aspect since the presence of Cu(II) favor
the formation of intermetallic compounds such as Cu2 As3 which
restricts the design of As(III) sensors for the real sample analysis.
Thus, it is expected to develop an efﬁcient sensing materials for
realizing the sensitive detection of As(III) without interference from
commonly coexisting ions in mild medium.
Importantly, the performance of electrochemical sensors is
highly dependent on the structural properties of electrodes. To
date, considerable efforts have been devoted to innovational materials for coordinate mass- and charge- transport and electron
transfer kinetics: electrochemical reaction occurring at electrolyte/electrode interface, mass transport of analyte in electrolyte
and electrode, and the electron conduction in electrode and current
collector [32]. Touilloux et al. [33] developed the gold nanoparticles plated 2.1 m iridium-based microelectrode for determining
As(III) at pH 8. The interference by copper can be negligible for an
As: Cu concentration ratio of 1:20. This demonstrates that the structure of electrode directly affects the electrochemical performance.
Recently, nanoporous gold (np-Au) has received tremendous scientiﬁc attention, since it has excellent electrocatalytic performance,
structural integrity, chemical stability, and electrical conductivity [34]. At present, np-Au material can be produced by simple
electrochemical treatment of polycrystalline gold [35], chemical
dealloying gold alloys [36–38], the use of templates [39,40], and so
on. In particular, chemical dealloying Au alloys, selective removal of
one component from within an alloy, has become a popular method
for simple and low-cost generation of np-Au. The dealloying process gives rise to a unique bicontinuous nanostructure consisting
of nanosized interconnected ligaments and nanoporous channels,
which enables np-Au to have good electrical conductivity, enhancing the transports of electron and offers a relatively large speciﬁc
surface area of electrode/electrolyte interface, facilitating the full
use of the enhanced electrocatalysis [41–43]. The np-Au has been
demonstrated beneﬁcial for a wide variety of different applications,
including electrocatalysts [34,39,44,45], electrochemical sensors

[46,47], energy storage [48], and electrochemical actuators [42].
Considering the special surface structure, fast mass transportation,
and high current density of np-Au, it might enhance the As(III) electroanalysis performance, such as anti-interference, sensitivity etc.
However, to the best of our knowledge, the application of np-Au
modiﬁed electrodes for stripping voltammetry electroanalysis of
As(III) has not been explored.
We report here np-Au modiﬁed GCE electrode constructed with
an in-situ chemical dealloying of AuCu nanoparticles (AuCu NPs),
which is performed on electroanalysis of As(III) in mild condition (acetate buffer solution pH 5.0) by SWASV for the ﬁrst time.
The anti-interference, reproducibility, and stability have been systematically investigated. And also, the proposed method has been
successfully applied to determination of As(III) in real water samples.
2. Experimental
2.1. Preparation of AuCu NPs
The AuCu NPs were synthesized by coreduction of HAuCl4 /CuCl2
(molar ration of 1:1) mixtures using hydrothermal method with
sodium borohydride (NaBH4 ) solution as the reductant and
cetyltrimethyl ammonium chloride (CTAC) as the stabilizing agent,
then precipitate was collected and washed with ultrahigh purity
water for 4 times. Finally, the achieved AuCu NPs was stored in
ultrahigh purity water. For comparison, Au NPs were prepared
using the same process.
2.2. Fabrication of np-Au modiﬁed glassy carbon electrode
The construction of np-Au ﬁlm on the surface of GCE was performed as follows: AuCu NPs (0.5 mg) were dissolved in 0.5 mL of
ultrahigh purity water, and sonicated for 10 min in order to obtain
homogeneous suspension. Then a 5 L aliquot of above suspension
was then pipetted onto GCE, which had been buff-polished with an
alumina suspension (ø = 0.05 mm) prior to use. After that, the modi-
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ﬁed electrode was dried under a room temperature. The np-Au ﬁlm
modiﬁed GCE was constructed according to previous similar literature [36]. It was prepared via chemical dealloying above AuCu NPs
modiﬁed electrode in 50% HNO3 with stirring for 10 min. Finally, to
remove the residual HNO3 , the np-Au ﬁlm modiﬁed GCE was rinsed
with deionized water, and dried under a room temperature for further use. For comparison, Au NPs modiﬁed GCE were prepared in
the same manner.
2.3. Electrochemical measurements
SWASV was used for the detection of As(III) under optimized
conditions. As(0) was deposited at the potential of −0.8 V for 150 s
by the reduction of As(III) with stirring in 0.1 M HAc-NaAc (10 mL,
pH 5.0). The anodic stripping was recorded by applying a potential
range of −0.4 to 0.3 V at the following optimized parameters: frequency, 15 Hz; amplitude, 25 mV; increment potential, 4 mV. Prior
to the next measurement, a desorption step (0.8 V for 80 s, with
solution stirring) was employed to remove the target metals. Prior
to every analysis, all solutions were degassed with a N2 stream for at
least 5 min. All experiments were carried out at room temperature.
3. Results and discussion
3.1. Morphologic and structure characterization of np-Au
The morphology of the AuCu NPs and np-Au were examined by
SEM and TEM. The representative SEM and TEM images of AuCu
NPs are shown in Fig. 1a,b. With a detailed observation, it indicates that they are well dispersed with average size close to 13 nm.
Fig. 1c shows the representative SEM image of the np-Au. It can
be observed that np-Au with a three dimensional, cross-linked,
and porous structure. Furthermore, the TEM image (Fig. 1d) reveals
that the obtained np-Au composed of interconnected ligaments and
nanopores. The ligament size is about 40–90 nm and the pore size
is 40–80 nm. The selected-area electron diffraction (SAED) patterns
(insets in panel b and d) of one typical AuCu NPs and np-Au show
concentric rings composed of bright discrete diffraction spots, suggesting that they are poly-crystalline of face-centered cubic (fcc)
structure. The composition of the as-synthesized AuCu NPs and npAu were also studied by XRD and EDS spectra. As shown in Fig. 1e,
the XRD peaks of the AuCu NPs can be indexed as a fcc structure,
each of which lies in between that of pure fcc Au (JCPDS no. 04-0784)
and pure fcc Cu (JCPDS no. 85-1326). For the np-Au, the diffraction
peaks observed can be matches well with the (111), (200), (220),
and (311) planes of fcc Au (JCPDS No. 04-0784), respectively. Fig. 1f
shows the EDS spectrum, which conﬁrms the elements of Au and Cu
in the AuCu NPs (Si came from the grids) and the as-prepared dealloying products are composed of only Au element. On the basis of
the above results, it is concluded that Cu can be completely leached
out from the AuCu NPs during the dealloying process and np-Au
ﬁlm modiﬁed electrode was obtained. Moreover, a representative
SEM image of the Au NPs is shown in Fig. S1 (S: Supplementary
data). With a detailed observation, it indicates that they are well
dispersed with average size close to 13 nm.
3.2. Electrochemical characterization
The bare GCE, Au NPs, and np-Au modiﬁed GCE are characterized by cyclic voltammograms (CV) and electrochemical impedance
spectroscopy (EIS) in neutral solution of 5 mM Fe(CN)6 3−/4− containing 0.1 M KCl and shown in Fig. S2. Moreover, in order to obtain
the reasonable results, the inﬂuence on the differential electrode
active areas is in consideration and thus the current density (j) is
employed. According to the Randles-Sevcik equation, ip = (2.69 ×
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105 )n3/2 ACD1/2 v1/2 [49], the electrochemical active electrode surface of bare GCE, np-Au, and Au NPs modiﬁed GCE are calculated to
be 0.0708, 0.0610, and 0.0571 cm2 , respectively, which can be seen
in Fig. S3 for more detail.
3.3. Electrochemical detection of As(III)
To examine the electroanalytical performance of the np-Au
modiﬁed GCE on the detection of As(III). The SWASV is ﬁrst studied.
Fig. S4 shows the stripping currents of As(III) on bare GCE, np-Au,
and Au NPs modiﬁed GCE in 0.1 M HAc-NaAc (pH 5.0) containing
10 ppb of As(III), respectively. No current response at the bare GCE
and only a weak stripping peak current of As(III) on Au NPs modiﬁed GCE. However, the electrochemical response toward As(III)
on np-Au modiﬁed GCE is markedly increased. It can be observed
that the strongest electrochemical response is obtained on np-Au
modiﬁed GCE. Therefore, it is especially suitable as highly sensitive
electrochemical sensors.
To obtain the maximum sensitivity and the minimum limit
of detection for trace As(III) detection with np-Au modiﬁed GCE,
the effects of the different voltammetric parameters (supporting
electrolytes, pH value, deposition potential and deposition time)
have been tested in solution containing 10 ppb As(III). The results
are depicted in Fig. S5. As shown in Fig. 2, the individual measurements of As(III) using the np-Au and Au NPs modiﬁed GCE
are performed under the optimal experimental parameters. For
comparison, the SWASV electrochemical responses of Au NPs modiﬁed GCE toward As(III) is ﬁrst investigated. Fig. 2a shows typical
SWASV responses of the AuNPs modiﬁed GCE in electroanalysis
of As(III) at wide range of concentrations, 3–24 ppb. As seen, a
very good linearity of peak current versus As(III) concentration
is obtained with correlation coefﬁcient of 0.996, with a sensitivity of the electrode is 0.910 ± 0.087 A ppb−1 cm−2 (Fig. 2b). The
theoretical limit of detection (LOD), which is equal to 3 times
the standard deviation of the background, is 1.668 ppb. The typical electrochemical responses of the np-Au modiﬁed GCE toward
As(III) at various concentrations as shown in Fig. 2c. The corresponding calibration curve obtained from the responses is linear
over the range of 0.5–15 ppb (Fig. 2d). The regression equation
can be expressed as Y (A cm−2 ) = 0.617 + 9.757X (ppb) with a
correlation coefﬁcient of 0.999. With three consecutive measurements, the achieved sensitivity of the electrode toward As(III) is
9.757 ± 0.128 A ppb−1 cm−2 , which is about 10-fold of that for Au
NPs modiﬁed GCE. The theoretical LOD is calculated to be as low
as 0.137 ppb at a signal-to-noise of 3 after preconcentration time
of 150 s, which is signiﬁcantly lower than the guideline value of
As(III) in drinking water (10 ppb) set by WHO. To obtain the rational results, the corresponding date of peak area (integration limits:
−0.30-0.16 V) as a function of As(III) concentration is depicted in
Fig. 2d. It is found that the peak area of As(III) increases with increasing concentration, which is in accord with that of the current of the
stripping peak of the As(III). In contrast to those reported previously
(Table 1), the np-Au modiﬁed GCE shows an excellent electrochemical performance toward As(III). The main reason is that the np-Au
electrode materials with porous structures offer relatively large
surface areas, the catalytic active sites are increased, further revealing the enhanced electrochemical performance in electroanalysis of
As(III). (LDR is linear detection range and LOD is limit of detection).
3.4. Interference measurements
It is well known that Cu(II) as the main interference ions, the
stripping peak of Cu(II) is similar but slightly more positive than
As(III). Moreover, Cu(II) codeposits with As(III) during the predeposition step and forms the intermetallic compound, which
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Table 1
Performance comparison of np-Au modiﬁed GCE on the detection of As(III) with other electrodes reported in literature.
Electrode

Electrolyte

Technique

LDR (ppb)

LOD (ppb)

Sensitivity (A M−1 )

Ref.

Au(111)-like poly-Au electrode
Au microdisk electrode (1 mm diameter)
ElectrodepositedAuNPs/GCE
Nano-Au/PANI/GCE
AuNPs-CNT
AuNPs/GCE
NF(Aunano )/GCE
GNEEs
PLA-AuNP/SPE
AuNPs/ITO
Au-PdNPs/GCE
MnOx /Au NPs/GCE
np-Au/GCE

0.1 M PB (pH 1.0)
1 M HNO3
1 M HCl
1 M HCl
0.1 M HCl
PBS (0.1 M) EDTA (0.01 M)
0.1 M PBS
1 M HCl
1 M HCl
1 M HNO3
0.1 M HAc-NaAc (pH 4.5)
NaHCO3 Na2 CO3 (0.1 M, pH 10)
0.1 M HAc-NaAc (pH 5)

SWASV
SWASV
SWASV
SWASV
SWV
SWASV
SWASV
SWASV
DPSV
LSV
LSASV
LS-ASV
SWASV

0–1125
–
–
–
0.75–7.5
0.1–15
0.1–12
0–3
3–2250
–
1–25
0.5–18
0.5–15

0.28
13.5
0.0096
0.4
0.1
0.0025
0.047
0.02
0.09
5 ± 0.2
0.5
0.05
0.0315

0.65
0.87
95
–
1985
16.15
23.98
235.5
6.43
–
12.90
14.48
44.64

[15]
[50]
[5]
[51]
[16]
[28]
[25]
[24]
[31]
[52]
[53]
[54]
This work

AuNPs: gold nanoparticles; GCG: glassy carbon electrode; Nano-Au/PANI: nanogold-particle/polyaniline; CNT: carbon nanotubes; NF(Aunano ): Au-nanoparticle-embedded
naﬁon composite; GNEEs: gold nanoelectrode ensembles; PLA–AuNP/SPE: electrode poly(l-Lactide) stabilized gold nanoparticles modiﬁed screen printed carbon electrode;
Au/ITO: gold nanoparticles on to indium tin oxide ﬁlm coated glass.

tions of As(III) in the presence of Cu(II) (30 ppb). The inset in Fig. 3a
shows that a regression equation obtained from the responses is
linear over a concentrations range of 1–10 ppb (R2 = 0.999) with a
sensitivity of 9.230 A ppb−1 cm−2 . It can be observed that the sensitivity toward As(III) only caused 5.40% decrease in the presence of
Cu(II). In addition, detecting As(III) (10 ppb) with adding different
concentrations of Cu(II) is also investigated. Fig. 3b shows the 10fold concentration of Cu(II) has no obvious inﬂuence on the SWASV
stripping signal of As(III) (Changed by about 4.83%). On the basis of
the above discussed, the np-Au modiﬁed GCE has been successfully
used for the detection of As(III) in the presence of Cu(II), the probable reason may it does not favor the formation of such intermetallic
compound.
Some other various ions are also evaluated regarding their interference in the analysis of As(III). As shown in Fig. 4a, the stripping
peak of the As(III) has no apparent changes after adding 10-fold
concentration of Hg(II), which indicating that Hg(II) has no significant inﬂuence on the detection of As(III). Moreover, as shown in
Fig. 4, 10-fold excess concentration of Cd(II), Zn(II), and As(V) hardly
causes the signiﬁcant change of stripping peak current of As(III).
We suggest that the surface morphology of the np-Au could be the
reason for the good anti-interference. However, in the presence of
Pb(II), the current of the stripping peak of As(III) is affected seriously
due to its stripping potential similar to As(III). Luckily, according to
reported previously, the chelating agent ethylenediaminetetraacetate (EDTA) can selectively chelate with interfering Pb(II) ions [28].
As a consequence, this problem can be effectively resolved by the
addition of a certain amount of EDTA. Furthermore, it is found that
obvious interference can be caused by humic acids (HA) on the npAu modiﬁed GCE detection of As(III) (Fig. S6). Fortunately, due to
HA easily interact with Fe(III), the interference could be eliminated
to a large extent by the addition of appropriate Fe(III) [55].

3.5. Stability and reproducibility

Fig. 3. a) SWASV responses of the np-Au modiﬁed GCE at different concentrations
of As(III) in the presence of 30 ppb Cu(II) in 0.1 M HAc-NaAc solution (pH 5.0). Inset
is the corresponding linear calibration plot of peak current against As(III) concentrations. b) SWASV response of the np-Au modiﬁed GCE at 10 ppb As(III) in the
presence of different concentrations of Cu(II) in 0.1 M HAc-NaAc solution (pH 5.0).
SWASV conditions are identical to Fig. 2. The dotted line refers to the baseline.

severely hinder determinations of As(III) [55,56]. Thus, the interference of Cu(II) is ﬁrstly studied. As shown in Fig. 3a, the stripping
signals obtained at the np-Au modiﬁed GCE for different concentra-

For practical application of any sensor, long-term stability is very
essential. To evaluate the stability of the results, one modiﬁed GCE
is repeatedly used every three days for 45 days. As shown in Fig. 5a,
the repeatability of SWASV to detecting As(III) in terms of 2, 4, 7, and
10-ppb As(III), respectively, the current of the stripping peak has
no appreciable changes. The relative standard deviation of As(III)
peak heights are 2.47%, 2.63%, 2.89%, and 1.73%, respectively. The
results demonstrate that np-Au modiﬁed GCE is long-term stability
for the electroanalysis of As(III).
In addition, np-Au modiﬁed GCE reproducibility is also investigated in this work. The reproducibility is evaluated with the same
GCE modiﬁed ten times repeatedly. Fig. 5b shows the stripping peak
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Fig. 4. Interference studies of typical SWASV responses of 10 ppb As(III) on np-Au modiﬁed GCE in HAc-NaAc (pH 5.0) at different concentration of a) Hg(II), b) Cd(II), c)
Zn(II), and d) As(V), respectively. SWASV conditions are identical to Fig. 2. The dotted line refers to the baseline.

current and corresponding peak area of 10 ppb As(III) at different modiﬁed GCE. The relative standard deviation of As(III) peak
heights and peak area are 1.53% and 1.32%, respectively. From what
has been discussed above, it can be concluded that, the np-Au
modiﬁed GCE can show the better stability and reproducibility for
analysis of As(III) in 0.1 M HAc-NaAc solution at pH 5.0.

3.6. Real sample analysis
For the purpose of the potential practical application of the npAu modiﬁed GCE. A series of tests on real water samples have been
performed. The real samples are collected from Dong Pu Reservoir
in Hefei City and our laboratory of IIM. The real samples are diluted
with 0.1 M HAc-NaAc buffer solution (pH 5.0) in a ratio of 1:1, standard addition method is selected for determination of As(III) in the
diluted samples. Fig. 6 illustrates the electrochemical behavior of
As(III) in diluted sample (Dong Pu Reservoir). It is clear that no
apparent stripping peak of As(III) could be observed, indicating no
As(III) is detected in diluted sample. However, when the different

amounts of As(III) are added into the diluted sample at the optimal
parameters selected previously, it can be seen that the stripping
peak currents increased with the As(III) concentration increasing.
Calibration curve (The inset in panel Fig. 6) hold a linear relationship
between the stripping peak currents and concentration of As(III) in
the range of 1–10 ppb, Y (A) = 0.431 + 0.518X (ppb) (R2 = 0.998),
with a sensitivity is 0.518 A ppb−1 . In order to validate the accuracy of the np-Au modiﬁed GCE for the determination of As(III), the
recovery is further studied by standard additions of As(III) into the
real water samples (Reservoir water and Tap water). The results
by spiking different amount of As(III) is summarized in Table S1.
The results indicate that the np-Au modiﬁed electrode has a good
practical application potential to real samples for electroanalysis of
As(III).

4. Conclusion
In summary, we have experimentally demonstrated the np-Au
modiﬁed GCE could be used for a simple and sensitive determi-
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attributed to the unique structure of np-Au. The np-Au provides
interconnected nanoporous channels and ligaments, concurrently
enhancing the transports of As(III) and electron in the interface of
electrode, facilitating the full use of the enhanced electrocatalysis.
Furthermore, the np-Au catalysts with relatively large surface areas
than Au NPs, and it may be improve the utilization of surface active
sites and promote chemical reactions, which makes it suitable for
the effective deposition of As(III). Finally, the np-Au modiﬁed electrode has been successfully employed for electroanalysis of As(III)
in reservoir water and tap water with satisfactory recoveries. Findings of this work demonstrated the np-Au modiﬁed electrode is
promising for a reproducible and accurate determination of As(III)
in real water samples. We have shown that the surface morphology
of the nanostructured plays a key role in the sensitive detection of
analytes without interference. It is believe that these studies can
further be extended to design an array of nanoporous materials for
the sensing of other hazardous substance.
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