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a b s t r a c t
Bimetallic nanoparticles provide a new opportunity for enhancing electrocatalytic activity because of
some possible synergetic effects. In this study, different compositions of Au–Cu bimetallic nanoparticles
are prepared via a simple hydrothermal method. The structure of Au–Cu bimetallic nanoparticles is characterized by using X-ray absorption ﬁne structure (XAFS) techniques, X-ray diffraction (XRD) and X-ray
photoelectron spectroscopy (XPS). The correlations between electrochemical performance and the compositions of Au–Cu bimetallic nanoparticles on the determination of arsenic(III) are investigated through
square wave anodic stripping voltammetry (SWASV). It is found that the amount of copper (Cu) in Au–Cu
bimetallic nanoparticles is critical to the detection of arsenic(III). The XAFS results indicated that the
Au Au bond length (RAu–Au ) can be inﬂuenced by the Cu concentration in the materials. Different RAu–Au
of Au–Cu nanoparticles lead to the different electrochemical catalytic activity toward arsenic(III), further
revealing the different electrochemical behavior. Compared with Au nanoparticles and commercial Au
electrode, the Au–Cu bimetallic nanoparticles showed enhanced electrochemical performance with high
sensitivity at ppb level, low detection limit. Moreover, the Au89 Cu11 bimetallic nanoparticles exhibited
ultra-high anti-interference performance on the detection of arsenic(III).
© 2016 Elsevier B.V. All rights reserved.

1. Introduction
There is no doubt that the presence of arsenic (As) in food and
groundwater is a serious worldwide threat to public health. Long
period drinking of such arsenic-polluted groundwater could cause a
variety of adverse health effects, including atherosclerosis, hyperkeratosis, irregular heartbeat and different forms of skin cancers
[1–4]. Arsenic can exist in four different oxidation states (−3, 0, +3,
and +5), but in the natural water, arsenic is predominantly present
as trivalent arsenite [As(III)] and pentavalent arsenate [As(V)].
As(III) is reported to be 40–70 fold more toxic than As(V) [5–7].
To date, for the detection of As(III), a variety of related analytical
techniques and methods have been carried out by the scientists
and the analytical chemists [8–10]. For example, graphite furnace
atomic absorption spectrometry (GFASS), neutron-activation anal-

∗ Corresponding authors. Fax: +86 551 6559 2420.
E-mail addresses: xingchen@iim.ac.cn (X. Chen), xingjiuhuang@iim.ac.cn
(X.-J. Huang).
http://dx.doi.org/10.1016/j.snb.2016.03.009
0925-4005/© 2016 Elsevier B.V. All rights reserved.

ysis (NAA), inductive coupled plasma mass spectrometry (ICP-MS),
X-ray ﬂuorescence (XRF), atomic emission spectrometry (AES) generally with inductively coupled plasma (ICP-AES) [11–17], surface
plasmon resonance (SPR) sensor [18,19], biosensor [20,21], surface enhanced raman scattering (SERS) sensor [22]. Although these
methods are successful on the detection of As(III), most of them
require expensive instruments, laboratory setup, and high operating cost. In contrast to these methods, the low-cost electrochemical
methods, particularly stripping voltammetry, have attracted significant interest for their rapid and excellent sensitivity to detect the
trace levels of As(III) [13,23,24].
At present, for the stripping voltammetry determination of
As(III), a variety of electrode materials including platinum [7,25],
mercury [26,27], boron-doped diamond [28,29], gold electrode
[30–32] and nanomaterials modiﬁed electrode [33], have been
developed for determination of As(III). Because of their high hydrogen overvoltage, high senitivity and reversibility, the nanosized
Au and Au-based materials have received more attention on the
electrochemical detection of As(III) [34–39]. Nevertheless, considering the limited resource and rising cost of Au, there is an urgent

M. Yang et al. / Sensors and Actuators B 231 (2016) 70–78

need to ﬁnd the substitute for pure Au catalysts. Meanwhile, retaining or even improving its catalytic activity and stability [40–44].
As reported, a promising strategy is to design Au-based bimetallic
nanostructures because their unique structures and compositions
would enhance their catalytic performance [45–49]. The enhanced
catalytic activity is usually explained by some possible synergetic
effects including electronic and geometric effects [41,50]. Recently,
Au-based bimetallic nanostructures with various morphologies,
including Au–Pt, Au–Pd, Au–Ag, Au–Cu and Au–Fe, have been
extensively studied [51–57]. Copper (Cu) is a relativel unexpensive transition metal, so Au–Cu bimetallic nanoparticles has been
attracted widespread interests as low-cost catalysts in recently
[58–61]. Previous reports showed that Au–Cu bimetallic nanoparticles had a higher electrocatalytic activity and the composition
of bimetallic nanoparticles is generally considered to be critical in
determining the catalytic properties [62–64]. The Au–Cu bimetallic
nanoparticles are widely used as the effective catalyst in heterogeneous catalytic processes [65–68]. However, to the best of our
knowledge, the electrochemical performance of Au–Cu bimetallic nanoparticles with different compositions on the detection of
As(III) has rarely been reported yet. Thus, to explore the electrochemical performance in the detection of As(III) at the Au–Cu
bimetallic nanoparticles modiﬁed electrode is an exciting direction, which may be beneﬁt for extending the application of Au–Cu
bimetallic nanoparticles in electrochemical determination of toxic
ions.
Up to now, Au–Cu bimetallic nanoparticles have been prepared
using a variety of techniques, such as seed-mediated method [69],
co-sputtering method [70], underpotential co-deposition method
[71] and solvothermal method [38,63,72]. However, the operation
of most of these methods are relatively complex and the products
need more elaborate cleaning procedure. Thus, to develop a simple
synthetic method for Au–Cu bimetallic nanoparticles with different
compositions in aqueous solution is highly desirable. So far, synthesis of Au–Cu bimetallic nanoparticles with facile hydrothermal still
remains a challenge, which has rarely been reported yet as far as
we know.
X-ray absorption ﬁne structure (XAFS), containing a X-ray
absorption near edge structure (XANES) region and an extended Xray absorption ﬁne structure (EXAFS) region, is a useful tool that can
provide detailed information of structural parameters [73]. It will
be used for structure studies of the Au–Cu bimetallic nanoparticles.
Herein, different compositions of Au–Cu bimetallic nanoparticles were synthesized by a simple hydrothermal method.
The structure of Au–Cu bimetallic nanoparticles with different
compositions was studied by XAFS, XRD and XPS techniques.
Furthermore, Au–Cu bimetallic nanoparticles with different compositions toward As(III) have been thoroughly investigated. The
Au–Cu bimetallic nanoparticles modiﬁed electrode exhibited much
better electrochemical performance than that of bare Au electrode
and Au nanoparticles modiﬁed electrode, indicating that Au–Cu
bimetallic nanoparticles employed as sensing materials improved
the sensing performance toward As(III).
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bimetallic nanoparticles, 0.8 g CTAC was dissolved in 30 mL ultrahigh purity water, 2 mL of 25 mM HAuCl4 ·4H2 O and 5 mL of 0.1 M
Na3 C6 H5 O7 ·2H2 O were successively added into the above solution under vigorous stirring. Subsequently, 0.2 M NaOH solution
was dropped into the mixtures to adjust the pH about 8.0 and
then 0.5 mL of 0.1 M CuCl2 was added dropwise into the solution.
Then, the mixtures were kept stirring at room temperature for
20 min. The resultant homogeneous solution was transferred into
a 50 mL Teﬂon-lined stainless steel autoclave, sealed and treated
hydrothermally at 110 ◦ C for 18 h. After cooling to room temperature, the resulting products were collected by centrifugation
and thoroughly washed with ultrahigh purity water for several
times. Finally, the obtained Au93 Cu7 bimetallic nanoparticles were
stored in ultrahigh purity water. For comparison, Au, Au89 Cu11 and
Au79 Cu21 bimetallic nanoparticles were prepared with the similar
process.
2.2. Characterization
The morphology of the samples was veriﬁed by ﬁeld-emission
scanning electron microscopy (FESEM, Quanta 200 FEG, FEI Company, USA). Ultraviolet-visible spectrum was measured with a
UV 2550 spectrophotometer (Shimadzu, Japan). X-ray diffraction
(XRD) patterns of the samples were obtained with a Philips X’Pert
Pro X-ray diffractometer with Cu K␣ radiation (1.5418 Å). Transmission electron microscopy (TEM), high-resolution TEM (HRTEM),
selected area electron diffraction (SAED) data and energy dispersive spectrometer (EDS) analyses were conducted on a JEM-2010
microscope equipped with Oxford INCA EDS operated at 200 kV
accelerating voltage (Quantitative method: CliffLorimer thin ratio
section). X-ray photoelectron spectroscopy (XPS) measurements
were taken using a VG ESCALAB MKII spectrometer with an
Mg K␣ X-ray source (1253.6 eV, 120 W) at a constant analyzer.
Inductive coupled plasma atomic emission spectroscopy (ICPAES) (Atomscan Advantage, Thermo Jarrell-Ash model, ICAP 9000,
Wavelength: 1890 nm, USA) was used for determine the concentration of Au and Cu. Electrochemical experiments were recorded
using a CHI 660D computer-controlled potentiostat (ChenHua
Instruments Co., Shanghai, China) with a standard three-electrode
system. A glass cell was used containing a modiﬁed GCE served as
working electrode, a platinum wire as counter electrode and a saturated Ag/AgCl as reference electrode. The Au LIII -edge and Cu K-edge
XAFS spectroscopy were recorded in the transmission or ﬂuorescence mode at the BL14W1 beamline of the Shanghai Synchrotron
Radiation Facility (SSRF).
2.3. Fabrication of modiﬁed electrode

2. Experimental

The construction of Au–Cu bimetallic nanoparticles ﬁlm on the
surface of glassy carbon electrode (GCE) was performed as follows:
Au–Cu bimetallic nanoparticles (5 mg) was dissolved in 0.5 mL of
ultrahigh purity water and sonicated for 5 min to obtain homogeneous suspension. A 3 L aliquot of this suspension was then
pipetted onto the surface of a GCE, which was buff-polished with
an alumina suspension (ø = 0.05 mm) prior to use. At last, the GCE
was allowed to air-dry for further electrochemical studies.

2.1. Materials synthesis

2.4. Electrochemical measurements

Au–Cu bimetallic nanoparticles were prepared by coreduction of HAuCl4 /CuCl2 mixtures using hydrothermal method with
trisodium citrate (Na3 C6 H5 O7 ·2H2 O) solution as the reductant and
cetyltrimethyl ammonium chloride (CTAC) as the stabilizing agent.
Afterwards, the nanoparticles prepared from the weak alkaline
aqueous solution of HAuCl4 /CuCl2 mixtures in molar ration of
3:1, 1:1 and 1:2, respectively. In a typical synthesis of Au93 Cu7

Square wave anodic stripping voltammetry (SWASV) was used
for the observation of electrochemical behavior in 0.1 M HAc–NaAc
solution (10 mL, pH 5.0) under optimized conditions. A deposition potential of −0.8 V was applied for 150 s by the reduction of
As(III) under stirring conditions (500 rpm). The SWASV signals were
recorded range from −0.4 and 0.4 V at the following parameters:
increment potential of 5 mV, amplitude of 20 mV and frequency of
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Fig. 1. Structure and composition study of Au–Cu bimetallic nanoparticles. TEM and STEM-EDS elemental mapping images of the (a) Au93 Cu7 , (b) Au89 Cu11 and (c) Au79 Cu21 ,
respectively. The insets in panel a, b, and c are corresponding SAED pattern. Scale bar, 50 nm.

50 Hz. A desorption potential of 0.8 V for 50 s was used to remove
the target metals with stirring (500 rpm). Prior to every measurement, N2 was bubbled through the solution to remove dissolved
O2 . All experiments were carried out at room temperature.
3. Results and discussion
3.1. Structure and composition studies of the Au–Cu bimetallic
nanoparticles
The morphology of the Au–Cu bimetallic nanoparticles materials are investigated by scanning electron microscopy (SEM) and
transmission electron microscopy (TEM). Fig. 1a–c show typical
TEM images of Au–Cu bimetallic nanoparticles with different com-

position, which indicate the Au–Cu bimetallic nanoparticles are
mutually connected together and the size is about 40 nm, and the
size has not much difference. The selected area electron diffraction (SAED) patterns (insets in panel a–c) of one typical Au–Cu
bimetallic nanoparticles show concentric rings composed of bright
discrete diffraction spots, suggesting that they are poly-crystalline
of face-centered cubic (fcc) structure. The compositions and the
distribution of Au and Cu in the Au–Cu bimetallic nanoparticles
are further conﬁrmed by STEM-EDS. The elemental mapping of
Au (a-1, b-1 and c-1) and Cu (a-2, b-2, and c-2) are shown in
Fig. 1, respectively. The results indicate that Au and Cu atoms are
distributed uniformly over the entire set of nanoparticles. Furthermore, a representative TEM image and the HRTEM analysis of the
Au nanoparticles is shown in Fig. S1 (S: Supplementary data).
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Fig. 2. (a) UV–vis absorption spectra and (b) XRD patterns of Au (black line), Au93 Cu7 (red line), Au89 Cu11 (blue line) and Au79 Cu21 (magenta line) bimetallic nanoparticles,
respectively. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)

Ultraviolet-visible spectroscopy (UV–vis) is a useful way to
characterize bimetallic nanoparticles. Fig. 2a shows the UV–vis
absorption spectra of Au and Au–Cu bimetallic nanoparticles. As
seen, Au nanoparticles present a characteristic surface plasmon
resonance (SPR) peak at 522 nm. However, the SPR peaks (530 nm
of Au93 Cu7 , 534 nm of Au89 Cu11 , 542 nm of Au79 Cu21 ) of Au–Cu
bimetallic nanoparticles showed a signiﬁcant red shift with the
increasing concentration of Cu. The results are in agreement with
the previous reports [41,62].
In order to further conﬁrm the composition of the Au–Cu
bimetallic nanoparticles, the products are characterized by X-ray
diffraction (XRD) pattern. As shown in Fig. 2b, each pattern shows
four diffraction peaks of Au and Au–Cu bimetallic nanoparticles
can be indexed to the fcc structured. The peaks observed represented the Bragg reﬂections of the (1 1 1), (2 0 0), (2 2 0) and (3 1 1)
plane, and no obvious peaks from other phase can be observed,
indicating the high purity of the samples obtained. Meanwhile, the
four diffraction peaks lies between those of pure fcc Au (JCPDS no.
04–0784) and pure fcc Cu (JCPDS no. 85–1326). Compared with Au,
a signiﬁcant shift is observed for all the Au–Cu bimetallic nanoparticles, and the four diffraction peaks have a red shift with the
stoichiometric increase in the Cu concentration in the materials.
The results suggest that the as-synthesized products are different
stoichiometric ratios Au–Cu bimetallic nanoparticles. Vegard’s law
has been found not apply to the Au–Cu bimetallic nanoparticles
[63], so it remains difﬁcult to deduce the element content from
XRD analysis.
To obtain the element content of Au and Cu in the Au–Cu
bimetallic nanoparticles, the samples are investigated by energy
dispersive spectrometer (EDS). As shown in Fig. S2, the atomic
percentage of Cu in Au93 Cu7 , Au89 Cu11 and Au79 Cu21 bimetallic
nanoparticles are 6.93%, 11.29% and 20.69%, respectively. In addition, the mole fractions of Cu are determined to be 6.18%, 11.78%
and 19.64% by inductive coupled plasma atomic emission spec-

troscopy (ICP-AES), respectively. The results are roughly consistent
with those of EDS results.
The composition and structure of the Au–Cu bimetallic nanoparticles are further investigated by X-ray photoelectron spectroscopy
(XPS). The wide-range spectra of XPS for Au and the Au–Cu bimetallic nanoparticles are shown in Fig. 3a (prepared by the same method
for comparison). Three clear peaks (Au 4f, C 1s and O 1s) and a
weak peak (Cu 2p) of Au–Cu bimetallic nanoparticles are observed
in all samples. The oxygen element and carbon element may be
from the oxygen-containing and carbon-containing species. Moreover, Fig. 3b show the spectra of Au 4f, the peak positions of Au
4f5/2 are 83.81, 83.91, 83.95 and 84.00 eV for Au, Au93 Cu7 , Au89 Cu11
and Au79 Cu21 bimetallic nanoparticles, respectively. As seen, both
the Au 4f7/2 and Au 4f5/2 binding energy of the Au–Cu bimetallic
nanoparticles has a red-shifted with the stoichiometric increase in
the Cu concentration in the materials, which should be attributed
to the interaction between Au and Cu. The results are in agreement
with the previous reports [74]. Furthermore, Fig. S3a shows the Cu
2p spectra of the Au93 Cu7 bimetallic nanoparticles. Although the
Cu-related peaks are relatively small, the position of about 932 eV
is belong to elemental Cu. Furthermore, the Cu 2p spectra can be
divided into two parts using the curve ﬁtting and it shows primarily zerovalent Cu. The corresponding peak of higher binding
energy may come from the part of the oxidized Cu (about 933 eV)
at the surface of Au–Cu bimetallic nanoparticles [74]. The similar results can be obtained in characterization of Au89 Cu11 and
Au79 Cu21 bimetallic nanoparticles (Fig. S3b and c). In addition, the
position of elemental Cu has an appropriate shift due to alloying
with Au.
The X-ray absorption ﬁne structure (XAFS) technique, which is
good for insight on the structural of material, was carried out to
investigate the Au–Cu bimetallic nanoparticles at room temperature. Fig. 4a shows the Au LIII X-ray absorption near edge structure
(XANES) spectra of the Au foil, Au93 Cu7 , Au89 Cu11 and Au79 Cu21

Fig. 3. XPS analysis of the Au and Au–Cu bimetallic nanoparticles prepared by the same method for comparison. (a) The wide-range XPS spectra; (b) Au 4f spectra.
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3.2. Analytical performance of the Au–Cu bimetallic
nanoparticles modiﬁed GCE for As(III) detection

Fig. 4. (a) Au LIII -edge XANES spectra of Au foil, Au93 Cu7 , Au89 Cu11 and Au79 Cu21
bimetallic nanoparticles, respecively. (b) Cu K-edge XANES spectra of the Cu foil,
Au93 Cu7 , Au89 Cu11 and Au79 Cu21 bimetallic nanoparticles, respectively.

Table 1
Structural parameters obtained from the analysis of the EXAFS spectra at Au LIII -edge
of Au foil, Au93 Cu7 , Au89 Cu11 and Au79 Cu21 bimetallic nanoparticles, respectively.
Sample

Shell

Au foil
Au93 Cu7
Au89 Cu11
Au79 Cu21

Au–Au
Au–Au
Au–Au
Au–Au

a

N
9.36 ± 0.48
8.90 ± 0.60
8.67 ± 0.71
8.71 ± 0.57

´
R(Å)
2.855 ± 0.002
2.847 ± 0.004
2.834 ± 0.003
2.823 ± 0.002

2
(×10−3 Å2 )
7.8a
7.5a
6.8a
8.5a

E0 (eV)
3.83 ± 0.54
4.16 ± 0.49
4.31 ± 0.47
4.39 ± 0.52

This value is set to get a better ﬁtting.

bimetallic nanoparticles, respectively. These results indicate that
all Au spectra of the Au–Cu bimetallic nanoparticles are similar to
that of Au foil, and the valence number of Au did not change after
the formation of Au–Cu bimetallic nanoparticles. Fig. 4b shows the
Cu K XANES spectra of the Cu foil, Au93 Cu7 , Au89 Cu11 and Au79 Cu21
bimetallic nanoparticles, respectively. The spectrum of the Au–Cu
bimetallic nanoparticles has a pre-edge feature appearing at lower
energy (about 8981 eV) indicating the presence of metallic Cu. As
expected, the pre-edge feature peak of Cu K-edge increases with
the increase of the amount of Cu in the Au–Cu bimetallic nanoparticles. Furthermore, there is a shift to higher energy of pre-edge
feature for Au–Cu bimetallic nanoparticles compared to Cu foil, the
reason may be that the metal bond is formed between Au and Cu.
The k3 -weighted Au LIII -edge experimental (k) data in k-space
and the corresponding k3 -weighted Fourier transform and ﬁtting
data of the Au foil, Au93 Cu7 , Au89 Cu11 and Au79 Cu21 bimetallic
nanoparticles are shown in Fig. 5, respectively. These results indicate that the main peak corresponded to Au Au bond at about 2.8 Å.
The obtained values of the structure parameters, such as coordination numbers (N), bond distance (R), the Debye–Waller factor ( 2 ),
and inner potential shift (E0 ), from ﬁtting these EXAFS data are
given in Table 1. The results show that the Au Au bond length
(RAu–Au ) of Au foil, Au93 Cu7 , Au89 Cu11 and Au79 Cu21 bimetallic
´ 2.847 ± 0.004 Å,
´ 2.834 ± 0.003 Å´
nanoparticles are 2.855 ± 0.002 Å,
´ respectively. As seen, the R
and 2.823 ± 0.002 Å,
Au–Au has a tendency to become shorter with the increase of copper concentration.
The signiﬁcant contraction of RAu–Au implies an obvious alloying
between Au and Cu in Au93 Cu7 , Au89 Cu11 and Au79 Cu21 bimetallic
nanoparticles, and the extent of alloying increase with the increase
in the Cu concentration in the materials. The trend of the contraction of RAu–Au is well consistent with the shift of corresponding
diffraction peaks in Fig. 2b .

Recently, many studies suggested that the electrocatalytic activities of the Au–Cu bimetallic nanoparticles were superior to those
of current Au nanoparticles [38,74]. Especially, Yang et al. found
that two important factors related to intermediate binding, the
electronic effect and the geometric effect, dictate the activity of
Au–Cu bimetallic nanoparticles [41]. However, different compositions of Au–Cu bimetallic nanoparticles modiﬁed glass carbon
electrode (GCE) toward As(III) is unexplored. Therefore, in the current work, we systematically investigated the stripping behaviours
on the detection of As(III) with different compositions of the Au–Cu
bimetallic nanoparticles.
The electrochemical behaviors of the as-prepared Au–Cu
bimetallic nanoparticles with different composition toward As(III)
is investigated with square wave anodic stripping voltammetry
(SWASV). To obtain the maximum sensitivity for trace As(III) detection with the Au–Cu bimetallic nanoparticles modiﬁed GCE. The
main voltammetric parameters including supporting electrolytes,
pH value, deposition potential and deposition time are ﬁrstly
optimized in solution containing 50 ppb As(III) and the results
presented in Fig. S6. For comparison, Au nanoparticles modiﬁed
GCE and commercial Au electrode (Fig. S7) are studied under the
same conditions. Notably, in order to obtain the reasonable results,
the cyclic voltammograms (CV) and nyquist diagram of electrochemical impedance spectra (EIS) are adopted to evaluate the
performance of the modiﬁed electrodes (Fig. S4). Moreover, the
effect on the differential electrodes active area is also in consideration, which can be seen in Fig. S5 for more detail. Under the
optimal experimental conditions, the typical SWASV responses on
the Au–Cu bimetallic nanoparticles modiﬁed GCE in electroanalysis
of As(III) in 0.1 M HAc–NaAc solution (PH 5.0) are shown in Fig. 6.
Further, the electrochemical performance of Au, Au93 Cu7 ,
Au89 Cu11 and Au79 Cu21 bimetallic nanoparticles toward As(III)
is systematically compared and the result is shown in Fig. 7.
With three consecutive measurements, the obtained sensitivities are 0.212 ± 0.030, 0.478 ± 0.042, 1.630 ± 0.117 and
0.451 ± 0.043 A ppb−1 cm−2 on Au, Au93 Cu7 , Au89 Cu11 and
Au79 Cu21 bimetallic nanoparticles modiﬁed electrode, respectively. Furthermore, the limit of detection (LOD) are calculated
to be 5.64 ppb, 3.43 ppb, 2.09 ppb and 12.8 ppb (3 method) on
Au, Au93 Cu7 , Au89 Cu11 and Au79 Cu21 bimetallic nanoparticles
modiﬁed electrode, respectively. The Au–Cu bimetallic nanoparticles modiﬁed electrode exhibited much better electrochemical
performance than that of bare Au electrode and Au nanoparticles
modiﬁed electrode, indicating that Au–Cu bimetallic nanoparticles
employed as sensing materials improved the sensing performance
toward As(III). Furthermore, the Au89 Cu11 bimetallic nanoparticles
modiﬁed electrode showed better stripping behavior than that
of Au93 Cu7 and Au79 Cu21 modiﬁed electrode, and the order of
sensitivities with the different compositions of bimetallic nanoparticles in electroanalysis of As(III) is found to follow the sequence:
Au89 Cu11 > Au93 Cu7 > Au79 Cu21 . The enhanced electrochemical
performance toward As(III) should be ascribed to Cu component.
According to the result of experiments, we speculate that the
Au Au bond length (RAu–Au ) may be critical to the electrochemical
catalytic activity of Au–Cu bimetallic nanoparticles. The XAFS
results showed that the RAu–Au can be inﬂuenced by the amount of
Cu. It can be concluded that different RAu–Au of Au–Cu nanoparticles lead to the different electrochemical catalytic activity toward
As(III), further revealing the different electrochemical behavior.
Detection of As(III) in the real sample without interference is a
challenging task, as the other metal ions commonly present in the
groundwater can be codeposited and stripped off under the experimental condition used for the detection of As(III). Some heavy metal
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Fig. 5. (a) k3 -weighted Au LIII -edge experimental (k) data in k-space and (b) the corresponding k3 -weighted Fourier transform (black line) and ﬁtting data (red line) of the
Au foil, Au93 Cu7 , Au89 Cu11 and Au79 Cu21 bimetallic nanoparticles, respectively. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the
web version of this article.)

Fig. 6. Typical SWASV responses of (a) Au, (b) Au93 Cu7 , (c) Au89 Cu11 , and (d) Au79 Cu21 bimetallic nanoparticles modiﬁed GCE on the detection of As(III) in different concentration ranges. The insets in panels a, b, c and d are corresponding linear calibration plots of peak current against As(III) concentrations, respectively. 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.

Fig. 7. Comparison of (a) sensitivities and (b) LODs (3 method) for SWASV on the detection of As(III) at gold electrode, Au, Au93 Cu7 , Au89 Cu11 and Au79 Cu21 bimetallic
nanoparticles modiﬁed GCE, respectively.

ions were tested to evaluate the anti-interference performance of
Au89 Cu11 bimetallic nanoparticles modiﬁed electrode. The results
are depicted in Fig. 8, it is clear that 10-fold concentration of Hg(II),
Pb(II), Cd(II) and Zn(II) has no signiﬁcant inﬂuence on the detection
of As(III) at the Au89 Cu11 bimetallic nanoparticles modiﬁed GCE.

The peak currents of As(III) decrease only 15.23%, 13.15%, 9.15%
and 6.52% (Fig. S8), respectively.
As reported, Cu(II) is a major interference in the detection of
As(III) [7,10,75]. Thus, the interference of Cu(II) on the detection of
As(III) is carefully investigated. The interference of Cu(II) toward
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Fig. 8. Interference studies: typical SWASV responses of 50 ppb As(III) on Au89 Cu11 bimetallic nanoparticles modiﬁed GCE in HAc–NaAc (pH 5.0) in different concentration
of (a) Hg(II), (b) Pb, (c) Cd and (d) Zn, respectively. The conditions are identical to Fig. 6. The dotted line refers to the baseline.

Fig. 9. Interference studies: typical SWASV responses on (a) Au89 Cu11 bimetallic modiﬁed GCE for electroanalysis of As(III) in different concentration ranges in the presence
of 300 ppb Cu(II) in 0.1 M HAc–NaAc solution (pH 5.0) and b) 50 ppb As(III) on Au89 Cu11 bimetallic modiﬁed GCE in HAc–NaAc (pH 5.0) in different concentration of Cu(II),
the conditions are identical to Fig. 6. The dotted line refers to the baseline.

the sensitivity of the Au89 Cu11 bimetallic nanoparticles modiﬁed
GCE for As(III) detection is ﬁrstly studied. SWASV measurements
(Fig. 9a) were performed for the detection of various concentrations
of As(III) at the Au89 Cu11 bimetallic nanoparticles modiﬁed GCE in
the presence of 300 ppb Cu(II). Although Cu(II) is co-existed, the
SWASV responses of As(III) increase in a linear manner against its
concentrations with the sensitivity of 1.256 A ppb−1 cm−2 (inset
in Fig. 9a). The presence of Cu(II) has no obvious affect the sensitivity of the present electrode toward As(III) compared with the
case of the absence of Cu(II). Furthermore, Fig. 9b shows the SWASV
responses of 50 ppb As(III) with adding various concentrations of
Cu(II), as observed, 6-fold concentration of Cu(II) (300 ppb) has no
obvious inﬂuence on the stripping signal of As(III) (only decreased
about 7.29%). The slightly decrease of sensitivity and peak current of As(III) may be ascribed to competition for deposition sites
at the electrode surface in the presence of Cu(II). These results
indicate that a relative low concentration of Cu(II) in the solution
has no signiﬁcant interferences in electroanalysis of As(III) on the
Au89 Cu11 bimetallic nanoparticles modiﬁed GCE. On the basis of the
above discussion, it can be concluded that the Au89 Cu11 bimetallic nanoparticles modiﬁed GCE shows ultra-high anti-interference
performance on the detection of As(III). Thus, the Au–Cu bimetal-

lic nanoparticles will become one of the promising candidates for
practical applications in the ﬁelds of detecting As(III).
4. Conclusions
In summary, Au–Cu bimetallic nanoparticles with different
compositions were successfully synthesized and then applied as
a sensing material substitute for pure Au catalysts for determination of As(III) in mild condition. Under optimal conditions, a
high sensitivity of 1.63 A ppb−1 cm−2 with a low LOD of 2.09 ppb
was obtained on Au89 Cu11 bimetallic nanoparticles modiﬁed GCE.
The LOD was lower than the desirable range (10 ppb) in drinking
water recommended by the World Health Organization (WHO).
Notably, the proposed method can eliminate most interferences
coming from the commonly coexisting metal ions. The order of
sensitivities with the different compositions of bimetallic nanoparticles in electroanalysis of As(III) is found to follow the sequence:
Au89 Cu11 > Au93 Cu7 > Au79 Cu21 . The different electrochemical performance of Au–Cu bimetallic nanoparticles modiﬁed GCE toward
As(III) should be ascribed to the Cu components. Different compositions of Au–Cu bimetallic nanoparticles with different structure, the
XAFS results showed that the Au Au bond length (RAu–Au ) in Au–Cu
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bimetallic nanoparticles can be inﬂuenced by the amount of Cu. The
RAu–Au has a tendency to become shorter with the increase of copper
concentration. Meanwhile, the Au Au bond length (RAu–Au ) may be
critical to the electrochemical catalytic activity of Au–Cu bimetallic nanoparticles. Thus, through adjust the stoichiometry of Au and
Cu, the appropriate RAu–Au can be obtained, the Au–Cu bimetallic nanoparticles can be rationally tuned with an optimum level of
electrochemical catalytic activity and their electrochemical performance in analysis of As(III) can therefore be maximized. Therefore,
it was believed that this work provide a new insight for the design
of bimetallic nanostructures catalysts with high activities, further
promoting their applications in electroanalysis of toxic ions.
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