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A B S T R A C T

A novel nonsemiconductor photoelectrochemical biosensor was first constructed using the unique plasmonic
AuNi nanodendrite arrays. The AuNi nanodendrite arrays were rapidly prepared by a one-step electrodeposition
method using the porous anodic aluminum templates. Owing to its hierarchical structure with abundant active
sites, the synergistic catalytic of Au and Ni can be better exploited. These plasmonic AuNi nanodendrite arrays
display exceptional photoelectrocatalytic activities for glucose oxidation and hydrogen peroxide reduction re-
action under visible light illumination. Specifically, the detection sensitivity for glucose
(3.7277 mAmM−1 cm−2) under illumination is about 3.3 folds improvement than in the dark
(1.1287 mAmM−1 cm−2), together with high accuracy and low detection limit of 3 μM. The markedly enhanced
performance of AuNi nanodendrite arrays can be attributed to its hierarchical structure with abundant active
sites and plasmonic effect of Au with strong absorption band in visible region. Such a newly developed method
via the facile and low-cost route is of great significance in designing the plasmon-aided photoelectrochemical
biosensors.

1. Introduction

Nowadays, diabetes has been a global public health problem
(Danaei et al., 2011). The fluctuation in blood glucose level might result
in a serious damage to various body systems, such as renal, cardio-
vascular, retinal, and nervous. Therefore, development of reliable and
accurate quantification methods for glucose determination is of great
importance in clinical and biomedical applications (Tamborlane et al.,
2008). Recently, different metallic nanostructures such as platinum,
gold, silver, nickel and their alloys have been explored as electrode
materials to develop non-enzymatic glucose sensors (Welch and
Compton, 2006; Lu et al., 2009; Lee et al., 2019). Unfortunately, the
slow reaction kinetics and low sensitivity of these electrodes limits their
widely applications (Ye et al., 2004). The electrocatalytic activity of the
electrochemical glucose sensors is the key factor that influences both
the sensitivity and selectivity of detection (Safavi et al., 2009). There-
fore, development of a more active glucose sensor with a high

sensitivity and selectivity is highly desired.
Plasmon induced nonsemiconductor photoelectrochemical bio-

sensor has been considered as one of the most environment-friendly and
efficient biosensor methods because of their promising performances,
such as negligible background current, high sensitivity and selectivity
(Wang et al., 2017a; Belushkin et al., 2018; Zhang et al., 2019). Due to
their fascinating localized surface plasmon resonance (LSPR) char-
acteristics, the plasmonic metals can harvest light at specific wave-
lengths and thus induce the oscillation charge carriers, which can
participate in photoelectrochemical reactions (Christopher et al., 2011;
Clavero, 2014; Brongersma et al., 2015; Linic et al., 2015; Zheng et al.,
2015; Ding et al., 2016; Landry et al., 2017; Zhang et al., 2017c; Zhou
et al., 2018). In the field of plasmon induced photoelectrocatalysis, both
the activity and stability of catalysts have always been a research focus
over the past decades. Such challenges can be unlocked by the in-
novation of the structure and morphology of the catalyst (Wang et al.,
2013; He et al., 2014; Holewinski et al., 2014; Bu et al., 2016; Liu et al.,
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2016; Kim et al., 2017; Zhang et al., 2017b; Yin et al., 2018). Among
the various structures, binary nanodentrites with interconnected bran-
ches are considered as an excellent candidate for photoelectrocatalysis
due to their high surface reaction sites and high density “hot spots” for
efficient charge separation and transport (Wang et al., 2015; Choi et al.,
2016; Naveen et al., 2016; Balram et al., 2017; Zhang et al., 2017a).
Such binary nanodentrites usually exhibit better catalytic activities
than their single composition because of the synergistic effects of
multiple compositions (Hsu & Wang et al., 2014). Binary nanostructures
have been widely used in nonenzymatic glucose sensors because of
their significant features, such as high surface area, rapid mass trans-
port, high catalytic efficiency as well as biocompatibility. To date,
several methods have been developed for the fabrication of binary
nanodentrites, including underpotential deposition, hydrothermal-as-
sisted seed growth and electrochemical dealloying (Wang et al., 2016,
2017b; Benn et al., 2017; Cui et al., 2017; Guo et al., 2017; Nguyen
et al., 2019; Zhang et al., 2019). Among of which, underpotential de-
position have received much attention because of the benefits of being
simple, eco-friendly, and easy to operate (Li et al., 2013). Un-
fortunately, for the binary nanodentrites usually supported on carbon
electrode or other conducting substrate, it is inevitable that they typi-
cally suffer from inadequate stability because of the corrosion of carbon
or Ostwald agglomeration of the nanodentrites (Stamenkovic et al.,
2006). To overcome these disadvantages, we examined the porous
anodic aluminum (PAA) templates during the underpotential deposi-
tion process to separate binary nanodentrites to form nanodentrite ar-
rays. These arrays show much better durability because of their in-
herent structural stability, which is similar in structure to nanowire
arrays. However, to date, there are few reports that binary nanoden-
trites separated with the porous anodic aluminum (PAA) template have
been used as the plasmon induced nonsemiconductor photoelec-
trochemical biosensor.

Binary nanodentrites are interesting because integration of a plas-
monic part and a catalytic part is simple (Yang et al., 2015, 2016; Lee
et al., 2017a; Lin et al., 2017). As a popular noble metal, Au not only
exhibits unique plasmonic effect but also has the electrocatalytic ac-
tivity for glucose oxidation and hydrogen peroxide reduction (Chen
et al., 2012; Yan et al., 2016; Zheng et al., 2016; Wang et al., 2017a,
2018b; Baek et al., 2018; Lee et al., 2019). However, the high cost and
surface poisoning effect have limited its practical applications. Nickel-
based materials with high oxidation activity for glucose have been
widely used to fabricate non-enzymatic electrochemical glucose sensors
(Lu et al., 2009; Hsu and Wang, 2014). Therefore, the combination of
Au and Ni will predictably pull down the high cost of Au and realize the
synergistic integration of a plasmonic function and a catalytic function.
Moreover, due to its multiple high angle edges and sharp tips, the
formation of hierarchical structure plays an important role to improve
the electrocatalytic activity for glucose and H2O2 detection (Naveen
et al., 2016; Guo et al., 2017). Unfortunately, plasmon induced non-
semiconductor photoelectrochemical biosensor based on AuNi binary
nanodentrites for detecting glucose and hydrogen peroxide have not
been reported.

In this article, we present a one-step electrodeposition method using
the porous anodic aluminum templates to rapidly synthesize the AuNi
nanodendrite arrays (NDAs) for the first time. The as-prepared AuNi
NDAs display strong LSPR peaks in the visible region and outstanding
photoelectrocatalytic activities for glucose oxidation and hydrogen
peroxide reduction reaction. The detection sensitivity for glucose under
illumination is about 3.3 folds improvement than in the dark, together
with low detection limit, high accuracy and good selectivity. By com-
paring with the AuNi alloy nanowires (ANWs) and AuNi/Au multi-
layered nanowires (MNWs), the abundant active sites of AuNi NDAs
and plasmonic effect of Au are responsible for the markedly photo-
electrocatalytic activity.

2. Experimental

2.1. Chemicals

Gold (III) chloride hydrate (HAuCl4·4H2O) was obtained from Alfa
Aesar. Nickel sulfate (NiSO4·6H2O), boric acid (H3BO3), glucose, hy-
drogen peroxide (H2O2), uric acid (UA), ascorbic acid (AA), L-tyrosine,
xylose, maltose, galactose, lactose and fructose of analytical reagent
grade were purchased from Aladdin Chemical Co. Ltd. The conductive
Indium Tin Oxide (ITO) substrates were obtained from the Hefei Kejing
Materials Technology Co., Ltd. Deionized water was used throughout
our experiments.

2.2. Preparation of AuNi NDAs and modified electrode

The AuNi NDAs were fabricated by a one-step electrodeposition
method using the PAA templates (pore diameter is 70 nm). The elec-
trolyte is made up of 2M NiSO4, 4mM HAuCl4 and 0.5M H3BO3.
According to our previous study, the PAA template sputtered with a Au
layer of 150 nm was served as the working electrode (Wang et al.,
2018a, 2018b). A potentiostatic pulse deposition consisted of two de-
position steps of −0.75 V for 1 s and 0 V for 1 s was carried out to
deposit AuNi. The pulse cycles are 300. During the deposition steps, the
relaxation time of 1 s at 0 V was designed to make the ions have enough
time to travel near the deposition sites. In this process, various de-
position potentials (−0.5 V, −0.7 V, −0.75 V, −0.8 V and −1 V) were
used to prepare nanostructures with different surface morphologies.
After deposition, a modified electrode was prepared by attaching the
PAA templates with the AuNi nanostructures on the surface of ITO
substrate. Then the uncoated ITO surface was covered by an epoxy resin
for insulation. Subsequently, the PAA membrane was etched away in
0.5 M H3PO4 solution for 60min. For comparison, the AuNi ANWs and
AuNi/Au MNWs were also fabricated in a parallel conditions but using
the different deposition potentials. The AuNi ANWs were deposited at
−1.2 V for 300 s. The AuNi/Au MNWs were deposited at −1.2 V for 2 s
and −0.5 V for 1 s to prepare AuNi layer and Au layer, respectively.

2.3. Apparatus and photoelectrochemical measurements

Surface morphology, microstructure and crystal structure of the
prepared AuNi nanostructures were investigated by scanning electron
microscope (SEM), transmission electron microscopy (TEM) and X-ray
Diffraction (XRD). To prepare the TEM samples, the AuNi NDAs were
detached totally from the PAA templates through dipping the template
in 1M NaOH solution for 60min, and then the AuNi NDAs were dis-
persed in ethanol through ultrasonic oscillations. For transmission
electron microscopy (TEM) characterizations, small drops of the sus-
pended solution were placed on a TEM grid and finally allowing the
solvent to evaporate. After that, we measured the TEM images of the
samples on the TEM grid. The composition and chemical valence state
were examined by energy-dispersive X-ray spectroscopy (EDX) and X-
ray photoelectron spectroscopy (XPS). All the binding energies for XPS
spectra were corrected by using C 1s line at 284.8 eV. The content of Ni
were characterized by magnetic hysteresis loops (M−H), which were
obtained from superconducting quantum interference device (SQUID).
The ultraviolet–visible (UV–vis) absorption spectrum was performed in
the wavelength range of 400–800 nm. The potentiostatic pulse deposi-
tion, the photoelectrochemical measurements were performed using an
IM6e electrochemical workstation. All the manipulations were carried
out at ambient temperature (26 ± 1 °C). The photoelectrochemical cell
was assembled with a modified electrode (working electrode), a Pt wire
electrode (counter electrode), an Ag/AgCl electrode (reference elec-
trode) and an analyst solution. The visible light (λ > 400 nm) was il-
luminated on the front side of the AuNi NDAs biosensor by using a
300W xenon lamp system. The lamp was placed 10 cm away from the
photoelectrochemical cell.
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3. Results and discussion

3.1. Characterization of the synthesized AuNi NDAs

SEM measurement was performed to characterize the surface mor-
phology of the prepared AuNi NDAs. Fig. 1A−B displays the typical
SEM image of the AuNi NDAs synthesized with the deposition potential
of −0.75 V. It is evident that the AuNi NDAs are vertically aligned and
the branch is multitude. From the detailed EDX data in Fig. S1, it can be
seen that the Au and Ni content is obviously present and the atomic
ratio of Au and Ni in AuNi NDAs is about 38:1. The micro-morphology
of samples was investigated by TEM, as shown in Fig. 1C. It is clearly
observed that AuNi NDAs consist of a number of densely packed
branches, like “pine leaves”, as shown in the inset of Fig. 1C. These
hierarchical dendrites provide a higher surface-to-volume ratio and
abundant active sites. Fig. S2A−D displays the SEM images of the na-
nostructures fabricated with different deposition potentials. It was
clearly that the morphology of nanostructures has a strong dependence
on the deposition potential. When the redox potential is high, the na-
nostructures consist of nanoparticles. While the redox potential is low,
the nanostructures are smooth nanowires. Only when the deposition
potential is −0.75 V, the AuNi NDAs with interconnected branches
were obtained. The formation of dendritic structure may be due to the
underpotential deposition of Ni (Qu et al., 2016; Guo et al., 2017). The
crystalline nature of the AuNi NDAs can be analyzed from the high-
resolution TEM (HRTEM) image. As shown in Fig. 1D, highly ordered
crystallographic fringes are clearly observed. The spacing of 0.235 nm
and 0.203 nm between the lattice fringes are corresponded to the Au
(111) and Ni (111), respectively. Fig. 1E shows the high angle annular
dark field scanning TEM (HAADF-STEM) image of the AuNi NDAs. A
direct visual inspection of the element distribution for AuNi NDAs was
obtained from the energy dispersive X-ray spectroscopy (EDS) mapping
experiments. As shown in Fig. 1F−G, the distribution of Au and Ni is
quite uniform in the AuNi NDAs, demonstrating their bimetallic nature.
According to the location and intensity, the Au and Ni elements are
intermixing of each element. These results combined demonstrate that
the AuNi NDAs were successfully and rapidly prepared using the de-
veloped one-step electrodeposition method.

Fig. 2Ashows the XRD patterns of the AuNi NDAs. The characteristic
diffraction peaks centered at 38.2, 44.3 and 64.6 are attributed to the
(111), (200) and (220) planes of Au. Diffraction peaks located at 44.4
and 51.8 are corresponded to Ni (111) and Ni (200) planes, respec-
tively. Fig. 2B displays the M−H curves of the prepared AuNi NDAs, in
which the applied magnetic field are parallel and perpendicular to the
nanostructure axis. The curve reveals that the AuNi NDAs have no
obvious easy axis direction. Further, the coercivities for the AuNi NDAs
in both parallel and perpendicular directions are very small. It may be
because that the Ni nanostructures with small size are super-
paramagnetic and low magnetocrystalline anisotropy (Zhang et al.,
2014). As mentioned above, the AuNi NDAs are made of hierarchical
dendrites, and the average diameter of the dendrites is about 20 nm.
Thus the weak coupling along the nanostructure axis makes the den-
drites barely ferromagnetic, with very small coercivity and remanence.
M−H curves of the AuNi nanostructures prepared with different po-
tentials (−0.5 V, −0.7 V, −0.8 V, −1 V) are shown in the Fig. S3A−D.
The coercivity and remanence are increased with the increase of the
depostition potentials, consequently resulting in the great increase of Ni
content. These results highlight that the Au/Ni atomic ratio of the AuNi
nanostructures is adjusted by the deposition potentials. Thus, the de-
position potential and the content of Ni have a significant influence on
the morphology of the resulting binary nanostructures.

The surface chemical composition and valence state of the AuNi
NDAs are detected by XPS spectra. As shown in Fig. S4, the overview
survey spectrum clearly shows all of the anticipated elements (C, O, Ni
and Au elements), corresponding with the EDX spectrum results (Fig.
S1). In the Ni 2p XPS spectrum (Fig. 2C), two peaks centered at 852.7
and 870.2 eV correspond to the metallic Ni. Since the Ni nanostructures
are susceptible to oxidation, two characteristic peaks occur at 855.5 and
873.2 eV are attributed to the main peaks of oxidized Ni 2p3/2 and Ni
2p1/2, respectively. Correspondingly, the two peaks of 861.3 and
880 eV are the satellite peaks of the oxidized Ni. The Au 4f spectrum
(Fig. 2D) can be fitted to two major peaks at 87.57 and 83.97 eV, which
corresponds to the zero valence Au0. Compared to the pure Au (84 and
87.7 eV), the Au 4f binding energies of AuNi NDAs show a little shift to
the lower value, which indicates the electron may transfer from Ni to
Au and a strong interaction between Au and Ni (Cui et al., 2017).

Fig. 1. (A) TEM image for the AuNi NDAs synthesized with deposition potential of−0.75 V. (B) HRTEM image of the AuNi NDAs. (C) HAADF-STEM image of a single
representative AuNi NDAs and elemental maps of Au (D) and Ni (E).
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3.2. Photoelectrochemical properties of AuNi NDAs for glucose

The absorption spectra of the AuNi ANWs, AuNi/Au MNWs and
AuNi NDAs are included in Fig. 3A. Compared with the AuNi ANWs, the
AuNi NDAs and AuNi MNWs present obvious absorption in the visible
region. These absorption peaks of the AuNi NDAs and AuNi MNWs are
located at around 540 nm, revealing that the absorptions could be
originated from the plasmonic effect of Au nanoparticles. The absorp-
tion peak of AuNi NDAs is obviously blue-shift compared to that of the
AuNi MNWs, indicating the electronic interactions between Au and Ni.
Thus, this strong light trapping of the AuNi NDAs should ascribe to both
of the hierarchical structure and the plasmonic effect of Au nano-
particles. The electrocatalytic activity of AuNi NDAs for glucose oxi-
dation was performed in NaOH solution (0.2M). As seen from Fig. 3B,
the cyclic voltammetry (CV) curve of AuNi NDAs electrode gives a pair
of redox peak with anodic peak at about 0.38 V and cathodic peak at
about 0.03 V. After adding 10mM glucose into the NaOH solution,
anodic current peaks in both the forward and reverse potential scans
remarkably increase, indicating the good electrocatalytic for glucose
oxidization.

To investigate the influence of plasmonic effect on the electro-
catalytic for glucose oxidization, the photocurrent responses in ab-
sence/presence of 10mM glucose at 0.4 V with visible light switching
ON and OFF was shown in Fig. 3C. When visible light was ON condi-
tion, AuNi NDAs electrode in NaOH solution displayed a low photo-
current response. While 10mM glucose was injected to the electrolytic
solution, the photocurrent response was dramatically increased. This
pronounced increase reveals that the glucose may initiates the separa-
tion of hot electrons and hot holes. For comparison, control experi-
ments of AuNi ANWs and AuNi MNAs were also performed. As dis-
played in Fig. S5A−D, the photocurrent response with presence of
glucose under similar conditions exhibited a lower value. This indicates
that the photoelectric conversion efficiency in AuNi NDAs is improved

because of the unique nanodendrite structure. Besides, to generate a
high photocurrent response on the glucose sensor, the variable de-
position conditions such as the concentration of HAuCl4 in the sup-
porting electrolyte and the electrodeposition potentials were optimized.
As displayed in Fig. S6A−B, the enhanced current density (Δj) with the
deposition electrolyte of 4mM HAuCl4 and the deposition potential of
−0.75 V is the largest. These results combined with the SEM images
(Fig. S2A−D) indicate that the efficient plasmon-enhanced electro-
catalytic glucose oxidization could be realized by constructing an ap-
propriate atom ratio of AuNi NDAs. And the unique nanodendrite
structure provides a large surface area as the active place for light
confinement and catalytic reaction sites. Based on above results, sche-
matic illustration for the visible light-driven glucose oxidation on the
AuNi NDAs electrode is shown in Fig. 3D. Upon illumination by visible
light, the incorporation of plasmonic effect of Au may facilitate the
separation of hot carriers (electrons-holes) on the AuNi surface. These
nanodendrite nanostructures enable intimate contact between the
electrolyte and the AuNi NDAs surface, even at the bottom. This results
in shorter holes diffusion distances to the electrolyte. Under a suitable
potential bias, the glucose likely serves as the holes scavenger and lead
to more efficient electron/hole separation, eventually resulting in an
obvious enhanced photocurrent response. In addition, the vertical
alignment of the AuNi NDAs aids electron transport to the ITO without
a large recombination loss. Therefore, the improved catalytic perfor-
mance for glucose in the AuNi NDAs is ascribed to the efficient elec-
trons and holes transport/separation in the unique nanodendrite
structure.

To further study the influence of plasmonic effect on the catalytic
activity, we used linear sweep voltammogram (LSV) curves to sys-
temically reveal the influence of the illuminating time on the catalytic
activity of AuNi NDAs electrode (Fig. 4A). Evidently, the anodic peak
current densities of the AuNi NDAs increase gradually until 70min and
then nearly keep constant. This increase can be ascribed to the

Fig. 2. (A) XRD curve and (B) M−H curves of the AuNi NDAs. XPS spectrum of (C) Ni 2p and (D) Au 4f in AuNi NDAs.
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Fig. 3. (A) UV−vis absorption spectra for the AuNi ANWs, AuNi/Au MNWs and AuNi NDAs. (B) CVs of AuNi NDAs electrode in the absence and presence of 10mM
glucose. (C) i−t responses of AuNi NDAs electrode with visible light switching ON and OFF. (D) Schematic illustration for the visible light-driven glucose oxidation
on the AuNi NDAs electrode.

Fig. 4. (A) Influences of illuminating time on the catalytic activity of the AuNi NDAs electrode for glucose oxidization. (B) Influence of the solution pH on pho-
tocurrent response with visible light switching ON and OFF. (C) EIS curve of the AuNi NDAs electrode with visible light switching ON and OFF. (D) Long-term i−t
curves upon irradiation ON and OFF.
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plasmonic effect of Au and the increased temperature of the solution
under the irradiation. During these processes, the plasmonic photo-
thermal and photoelectrocatalytic conversion are responsible to en-
hance the chemical reactions (Yang et al., 2015; Lee et al., 2017b).
Accordingly, the electrocatalytic activities of AuNi NDAs gradually in-
crease as the irradiation time increase, demonstrating that plasmon-
enhanced photoelectrocatalysis under visible light irradiation can be
realized. The influence of the solution pH on the enhanced current
density (Δj) was investigated with visible light switching ON and OFF.
As displayed in Fig. 4B, the photocurrent response increases gradually
when the solution pH increases from 7.4 to 13.4. It may be because that
glucose is easily oxidized at high pH (Lu et al., 2009). In highly alkaline
conditions, more hydroxyl anions (OH−) in highly alkaline conditions
can directly participate in the oxidization of Au/Ni to form AuOH/
NiOOH. Then the AuOH and NiOOH catalyze glucose oxidation to
glucose acid. Accordingly, more hot holes can be captured in highly
alkaline conditions than that in neutral conditions, resulting in a much
larger Δj (Wang et al., 2017a). In addition, electrochemical impedance
spectroscopy (EIS) (Fig. 4C) exhibit that the AuNi NDAs electrode upon
visible light irradiation have lower charge transfer resistance compared
with that in the dark. This leads to a faster reaction rate for glucose
oxidization. The significant decrease of charge-transfer resistance could
be attributed to the unique nanodendrite structure and plasmonic effect
of Au. In addition to activity, stability is another key parameter to
evaluate the property of glucose electrocatalysts. In order to evaluate
the poisoning effect originated from the adsorption of reaction product
(glucose acid) on Au surface, long-term i−t curves upon irradiation ON
and OFF were obtained at 0.4 V. As evident from Fig. 4D, the AuNi
NDAs electrode upon irradiation shows an initial higher current density
along with less current decay. These results indicate that the poisoning
effect can be alleviated using the plasmonic effect of Au.

3.3. Catalytic performance, selectivity, stability and real sample analysis of
AuNi NDAs glucose sensor

To further evaluate the catalytic performance of the AuNi NDAs
glucose sensor, i−t curve upon irradiation ON and OFF was performed
to reveal the current responses to glucose. Under the above optimized
conditions, Fig. 5A records the current responses of the AuNi NDAs
electrode through successive injection of glucose into constantly stirred
0.2 M NaOH solution. Inset of Fig. 5A displays the enlarged i−t curve
from 300 to 550 s, as is marked by the blue rectangle. It is clear that the
response current increased rapidly after each injection of glucose and
arrived at a steady state within 10 s. This can be illustrated by the fast
electron transfer between the glucose and electrode. And the increase of
response current for the electrode under the irradiation is more. The
current signals change with glucose concentration are summarized and
plotted in Fig. 5B. The linear regression equations under irradiation
were I (mA cm−2)= 3.7277Cglucose + 0.412 in the range of
0.005–15mM, and that in the dark were I (mA cm−2)= 1.1287
Cglucose + 0.587 in the range of 0.01–13mM, respectively. It is obvious
that the sensitivity of 3.7277mAmM−1 cm−2 obtained under irradia-
tion is 3.3 fold higher than that in the dark (1.1287mAmM−1 cm−2).
Besides, the detection limit under irradiation (3 μM) is better than that
in dark (5 μM). The lower detection limit should be ascribed to the
higher detection sensitivity. Compared with some other non-enzymatic
glucose sensors based on Au-based and Ni-based materials (Table S1),
the AuNi NDAs electrode under irradiation prepared in this work have
an ultrahigh sensitivity, wide linear range and low detection limit.

We also evaluate the selectivity and stability of the amperometric
glucose sensor. The oxidizable compounds such as hydrogen peroxide
(H2O2), uric acid (UA), ascorbic acid (AA), L-tyrosine, xylose, maltose,
galactose, lactose and fructose are normally co-existed with glucose in
real samples. Interference of these compounds can degrade the detec-
tion efficacy of glucose sensor (Lu et al., 2009; Bernstein et al., 2013).
Therefore, it is necessary to add some interference substances to

investigate the anti-interference performance of the AuNi NDAs sensor.
Due to the physiological levels of interfering substances (< 0.1mM) are
less than the glucose (3–8mM), we measured the response current of
this sensor with the addition of 2mM glucose and 0.05mM interfering
substances (Zhang et al., 2008). The amperometric response was re-
corded at 0.4 V to evaluate the selectivity by successive injection of
interfering substances and glucose into 0.2M NaOH solution. As shown
in Fig. 5C, the results show only a small change to the injection of in-
terfering substances, which can be negligible. This indicates that the
system is less sensitive to the interfering substances. The excellent se-
lectivity of the AuNi NDAs electrode can be as a result of the low ap-
plied potential and the nanodentric structure. The repeatability is in-
vestigated by three successive amperometric responses and the RSD is
less than 4.5%. Long-term stability was tested at 5 days intervals.
Fig. 5D shows that the amperometric response of AuNi NDAs electrode
decreases to 93% after 30 days, which indicates that the sensor has
good stability.

The accuracy of the sensor was evaluated by determining the glu-
cose concentration by using this method. The human blood serum
samples were obtained from healthy men (n=3). When human serum
was spiked into 0.2M NaOH solution with volume ratio 1:100, am-
perometric studies were performed using the AuNi NDAs electrode to
detect the content of glucose in human serum samples. The results from
three times measurements for each sample were compared with that
from the commercially available glucometer (ACCU-CHEK ACTIVE,
Roche Diagnostics GmbH, Germany) as shown in Table S2. It can be
seen that the calculated content of glucose using AuNi NDAs is accep-
table by comparison with the commercial glucometer.

3.4. Catalytic performance of AuNi NDAs biosensor for H2O2

Besides the electrochemical oxidation of glucose, the electro-
chemical reduction of H2O2 was also investigated to demonstrate the
superior bifunctional catalytic activities of AuNi NDAs. Fig. 6A shows
the CVs for the H2O2 reduction on the AuNi NDAs electrode in 0.1M
phosphate-buffered saline (PBS, PH=7.4). When 5mM of H2O2 is
added to the solution, the electrode shows a lower reduction current at
a constant potential (−0.2 V) than that without H2O2, indicating the
electrocatalytic for H2O2. As shown in Fig. 6B, the i−t curve of pho-
tocurrent response upon irradiation ON and OFF was used to evaluate
the sensitivity of the AuNi NDAs electrode for H2O2 detection. Under
light and dark conditions, the photocurrent response of AuNi NDAs
electrode was quite stable. Consequently, the current density changed
periodically with light ON and OFF. Furthermore, the photocurrent
response in the presence of H2O2 is larger than that absence of H2O2,
demonstrating the superior catalytic activities of AuNi NDAs for H2O2

reduction. Fig. 6C shows i–t curves of the AuNi NDAs electrode upon
the successive injection of H2O2 into the stirring PBS solution at
−0.2 V. Inset is the enlarged amperometric current response from 300
to 550 s, as is marked by the blue rectangle. With each addition of
H2O2, the electrode responded very quickly both under the irradiation
and in the dark. The current reaches a steady state within a fast rate of
5 s, which could be attributed to the easy diffusion of H2O2 to the
hierarchical nanodenticte arrays. Significantly, under visible light ir-
radiation, the current densities increase much more upon the addition
of H2O2, indicating the efficient electron/hole separation. The response
current is plotted as a function of H2O2 concentration in Fig. 6D. Both
under irradiation and in the dark, the AuNi NDAs electrode displays a
linear current response in the range of 0.005–15mM. The corre-
sponding calibration curve displays a detection sensitivity of
994 μAmM−1 cm−2 under irradiation. On the contrary, the sensor
shows a lower detection sensitivity of 646 μAcm−2 mM−1 in the dark.
The detection limit for H2O2 is 2 μM and 5 μM under irradiation and in
the dark, respectively. The linear regression equations under irradiation
and in the dark are displayed in S7 of the Supporting Information. The
results suggest that the plasmonic effect plays a significant role in the
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Fig. 5. (A) i−t response curve of the AuNi NDAs sensor to different concentration of glucose. (B) Corresponding calibration plot of current signals change with
glucose concentration under irradiation and in dark condition. Error bar: n= 3. (C) i−t responses to the successive addition of interfering substances. (D) Long-term
stability of the developed sensor.

Fig. 6. (A) CV curves for AuNi NDAs electrode in the absence and presence of 5mM H2O2 in PBS solution. (B) i−t responses of the AuNi NDAs electrode with visible
light switching ON and OFF. (C) i−t response curve of the AuNi NDAs sensor to different concentration of H2O2. (D) The response current plotted as a function of
H2O2 concentration. Error bar: n= 3.
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enhancement of the sensitive for H2O2 detection.

4. Conclusion

A one-step electrodeposition method using the PAA templates was
developed to rapidly grow novel AuNi NDAs arrays for the first time.
These AuNi NDAs electrode show the better catalytic performance for
glucose oxidation and hydrogen peroxide reduction reaction than the
AuNi alloys and AuNi multilayered nanowires. Specifically, the detec-
tion sensitivity for glucose and hydrogen peroxide under illumination is
improved than that in dark. The high specific surface area, abundant
active sites and plasmonic effect of Au ensure its remarkable plasmon-
aided photocatalytic activity, due to the strong absorption band in the
visible region and effective electron/hole separation. The experimental
findings reveal that the controlled assembly of bimetal nanodendrites is
an effective method for the synergistic integration of plasmonic and
catalytic functions into a single platform. Thus, we believe that the
given photoelectrochemical biosensor fabricated from the facile and
low-cost process is a promising route for extending the other photo-
electrochemical biosensors.
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