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a b s t r a c t

The one-pot synthesis of a well-defined Au nanoparticles@polyoxometalates/ordered mesoporous car-
bon (Au@POMs/OMC) tri-component nanocomposite is reported, which is facile, green and rapid. The
polyoxometalates were used as both reductant and bridging molecules. The formation of these com-
posite materials was verified by a comprehensive characterization using X-ray diffraction, X-ray photo-
electron spectroscopy, energy-dispersive X-ray spectra, scanning electron microscopy, and transmission
electron microscopy. The novel nanohybrids of Au@POMs/OMC can provide new features of electro-
catalytic activities, because of the synergetic effects of Au nanoparticles and OMC materials. Most im-
portantly, the amperometric measurements show that the Au@POMs/OMC nanohybrids have a high
catalytic activity with a good sensitivity, long-term stability, wide linear range, low detection limit, and
fast response towards acetaminophenol, H2O2, and NADH detection for application as an enzyme-free
biosensor.

& 2014 Elsevier B.V. All rights reserved.
1. Introduction

Over the past decades, numerous research groups have con-
sciously increased efforts to design and develop advanced mate-
rials with nanostructure. These materials have been studied
widely as the electrode materials for the application of electro-
chemistry. Nanostructured carbon materials have been recognized
as one of the most important electrode materials in the field of
catalyst supports. Among these carbon-based materials, carbon
nanotubes (Du et al., 2014; Kong and Chen, 2014; Saleh Ahammad
et al., 2009; Scherbahn et al., 2014), graphene (Chaturvedi et al.,
2014; Feng et al., 2014; Lu et al., 2014; Roy-Mayhew and Aksay,
2014), and carbon nanofibers (He et al., 2014; Huang et al., 2008; Ji
et al., 2014a) are widely used as electrocatalyst supports. Besides
these carbon materials, ordered mesoporous carbon (OMC) has
been demonstrated to be a very attractive support material due to
its unique properties, such as periodic mesoporous structure, large
pore volume, good thermal as well as mechanical stability, ex-
ceptional chemical inertness, and excellent electrical conductivity
(Park et al., 2013; Vu et al., 2013; Wu et al., 2013; Zhang et al.,
2014b; Zhi et al., 2014). In particular, the large specific surface area
of OMC may offer a platform for supporting other nanoentities to
form novel hybrid nanostructures with synergetic effects. The
combination of noble metal particles and OMC is of special inter-
est; it is known to show an obviously enhanced electrocatalytic
activity (Ahn et al., 2013; Kim et al., 2014; Wang et al., 2014; Zhang
et al., 2011). However, the reduction processes of noble metal
particles are complex and mostly needs high temperature and long
time. Also the reaction process is normally not environmentally
friendly.

Polyoxometalates (POMs) are well-defined early transition
metal––oxygen clusters with an enormous diversity of structures
and properties. They are endowed with remarkable behaviors in
several fields including catalysis, medicine and materials sciences
(Babakhanian et al., 2014; Dolbecq et al., 2010; Fernandes et al.,
2013; Hong et al., 2013; Nishimoto et al., 2014; Rhule et al., 1998;
Stracke and Finke, 2014). POMs also are a class of photoactive
materials used in homogeneous reactions or heterogeneous pro-
cesses. In their reduced forms, their electron and proton transfer
and/or storage abilities, may act as efficient donors or acceptors of
several electrons without structural change (Biboum et al., 2010).
Such reversible charge transfer ability makes POMs ideal candi-
dates for electron exchange reactions. The reduced POMs have
been shown to serve as reducing and capping agents for metal
nanostructures. Moreover, POMs were reported to be adsorbed on
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various solid materials and this property has recently been
exploited for the stabilization of nanoparticles (Ji et al., 2014b; Li
et al., 2011a, 2011b; Liu et al., 2011, 2012., 2013; Xing et al., 2013a,
2013b; Zhang et al., 2014a). Such active forms of POMs can be
generated by a variety of techniques, including photochemistry,
radiolysis, and electrochemistry.

Acetaminophen (AP) is generally is a major ingredient in nu-
merous cold and influenza medications. It is also an effective and
safe analgesic agent and is consequently used worldwide for the
relief of mild to moderate pain associated with, e.g., headache,
toothache, backache, arthritis, migraine, neuralgia, muscular
aches, menstrual cramps, and postoperative pain (Wang et al.,
2007). Hydrogen peroxide (H2O2), a well-known oxidizing agent, is
not only a by-product of a large number of oxidase enzymes, but
also an essential intermediate in biomedical, food production,
pharmaceutical, industrial and environmental fields (Palanisamy
et al., 2012). Nicotinamide adenine dinucleotide (NADH) is an
important coenzyme involved in metabolic processes, widely ex-
isting in every cell of living organisms. It alternates between the
reduced state NADH and the oxidized state NADþ for the pro-
duction of ATP, and serves as hydrogen and electron carrier in
cellular respiration and photosynthesis. The investigations of the
redox reactivity of NADH and NADþ are important because a large
number of dehydrogenase enzymes (4300) use these compounds
as cofactors (Baskar et al., 2012; Teymourian et al., 2012). There-
fore, the rapid and accurate detection of AP, H2O2, and NADH is of
great significance.

Herein, we report an alternative, easy and green-chemistry type
procedure for the decoration of Au nanoparticles on OMC using
H3PW12O40 (PW12, henceforth POMs for convenience) as the both
reductant and bridging molecules. The as-prepared novel tri-compo-
nent nanohybrids of Au@POMs/OMC extend the applications of sup-
port materials and provide new features of electrocatalytic activities.
AP, H2O2, and NADH were selected as marking molecules to evaluate
the electrochemical activity of the Au@POMs/OMC nanocomposite.
The electrochemical results showed that the as-prepared electrode
materials exhibited significant electrocatalytic activity towards AP,
H2O2, and NADH in neutral solution, which proved that the as-syn-
thesized Au@POMs/OMC could be used as electrochemical sensing
platform for biomolecules.
2. Experimental

2.1. Chemical reagents

OMC was prepared using SBA-15 mesoporous silica as template
by a nanohard-templating approach in our laboratory (Jun et al.,
2000; Ryoo et al., 1999). POMs, isopropanol, and N,N′-di-
methylformamide (DMF) (HPLC grade) were used as purchased
from Beijing Chemical Co. Ltd. HAuCl4 �3H2O was purchased from
Sinopharm Chemical Reagent Co. Ltd. AP, H2O2, and β-NADH were
obtained from Sigma. The 0.1 M phosphate buffer solution (PBS pH
7.0), which was made up from NaH2PO4, Na2HPO4, and H3PO4, was
employed as a supporting electrolyte. All other reagents were of
analytical grade, and all solutions were prepared using double
distilled water.

2.2. Instrumentation

All the electrochemical experiments were performed with a CHI
830B electrochemical Analyzer (CH Instruments, Shanghai Chenhua
Instrument Corporation, China). Electrochemical impedance spectro-
scopy (EIS) was conducted using a PARSTAT 2273 Potentiostats-Elec-
trochemistry Workstation (AMETEK Instruments, USA) in a 0.1 M KCl
solution containing 5.0 mM K3Fe(CN)6/K4Fe(CN)6, from 0.1 Hz to
10.0 kHz. X-Ray diffraction (XRD) patterns were obtained on an
X-rayD/max-2200vpc (Rigaku Corporation, Japan) instrument oper-
ated at 40 kV and 20mA using Cu Kα radiation (k¼0.15406 nm).
Scanning electron microscopy (SEM) image was determined with a
PhilipsXL-30 ESEM, operating at 3.0 kV. Transmission electron mi-
croscopy (TEM) images and energy-dispersive X-ray spectra (EDX)
were obtained using a JEM-2100F transmission electron microscope
JEOL (Japan) operating at 200 kV. X-ray photoelectron spectroscopy
(XPS) measurements were performed with a thermo ESCA LAB
spectrometer (USA). A conventional three electrode cell was used; the
working electrode was glassy carbon electrode (GCE) or the modified
electrode; a platinum electrode was used as the counter electrode
whereas an Ag/AgCl (in saturated KCl solution) electrode served as a
reference electrode. All potentials in this paper were measured and
reported versus Ag/AgCl. It is worth mentioning that in this study, all
the sample solutions were purged with purified nitrogen for 20 min to
remove oxygen prior to the beginning of a series of experiments and
all experiments were carried out at laboratory temperature.
2.3. Preparation of the modified electrodes

Prior to the modification, GCE (model CHI104, 3 mm diameter)
was polished before each experiment with 1, 0.3 and 0.05 μm
alumina power, rinsed thoroughly with double distilled water
between each polishing step, and then sonicated successively in
1:1 nitric acid, absolute alcohol, double distilled water. The
cleaned electrode was dried with nitrogen stream for the next
modification. To prepare the modified electrodes, 5 mg of the
electrode materials were dispersed into 1 mL DMF to give homo-
geneous suspension upon bath sonication. 5 μL of the suspension
was dropped onto GCE and the electrode was then dried at room
temperature.
2.4. Synthesis of tri-component nanohybrids of Au@POMs/OMC-x

The POMs were firstly reduced photochemically. A 500W Hg lamp
was used as a ultra-violet (UV) light source. In a typical synthesis,
POMs (100 mL, 1 mM) were added to a quartz bottle and mixed with
isopropanol (700 μL). Then, the resulting solution was irradiated un-
der the UV light for 30 min with stirring. The concentration of the
reduced POMs was controlled by varying the irradiation time. This
solution of reduced POMs was mixed with prepared OMC suspension
(10 mL, 2 mgmL�1) and aqueous solution of HAuCl4 �3H2O (1 mL) at
room temperature, and then stirred for 10 min; the tri-component
nanohybrids were prepared. The suspension was isolated by cen-
trifugation at 8000 rpm, followed by consecutive washing/cen-
trifugation cycles several times with doubly distilled water. The ob-
tained Au@POMs/OMC-x was dried in a vacuum oven at 60 °C for
36 h. For optimization of the nanocomposite, different concentrations
of HAuCl4 �3H2O (2.5 mM, 50 mM, and 1M) were selected to be ad-
ded to the mixture. The Au@POMs/OMC-x materials are referred to as
Au@POMs/OMC-1, Au@POMs/OMC-2, and Au@POMs/OMC-3, where 1,
2, and 3 represent the different concentrations of HAuCl4 �3H2O
(2.5 mM, 50 mM, and 1M) in the synthesis procedure, respectively.

For comparison, the nanocomposites without Au nanoparticles
decoration (POMs/OMC) are also prepared. In a typical synthesis,
OMCs suspension (10 mL, 2 mg mL�1) were added in the initial
POMs (100 mL, 1 mM) by ultrasonication for 20 min, followed by
filtering, washing several times and drying in a vacuum oven at
60 °C for 36 h.
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3. Results and discussion

3.1. Characterization of the as-prepared samples

The preparation of Au@POMs/OMC-x is presented in Scheme 1.
During the synthesis, the POMs not only serve as reducing agents
for Au3þ , but also as bridging molecules for Au nanoparticles and
OMC (Li et al., 2011a, 2011b). The morphologies of OMC and
Au@POMs/OMC-x were initially characterized by SEM and TEM.
Fig. 1A shows SEM image of the pure OMC. The OMC was made of
small grains, which have a submicrometer-scale particle size with
the length of 0.5–1.5 μm. Fig. 1B shows TEM image of the OMC
before decoration with Au@POMs. Bright contrast strips on the
planar TEM image represent the pore-wall images, whereas dark
contrast cores display empty channels. The typical large-scaled
TEM images of Au@POMs/OMC-2 are presented in Fig. 1C and Fig.
S1. Moreover, for low-scaled image of Au@POMs/OMC-2 sample, in
Fig. 1D, it is shown that Au nanoparticles are uniformly dispersed
on the surface of OMC. The average diameter of these Au nano-
particles determined from a statistical study of 100 nanoparticles
is 4.5 nm (Fig. 1E). The high-resolution (HRTEM) image of Au@-
POMs/OMC-2 shown in Fig. 1F reveals that the spacing of the ad-
jacent fringes along the wire growth direction is 0.23 nm, corre-
sponding to the {111} interplanar distance of face-centered cubic
structure. The typical TEM image of Au@POMs/OMC-1 is shown in
Fig. S2, it shows that a small amount of Au nanoparticles are dis-
persed on the surface of OMC. However, for Au@POMs/OMC-3, the
agglomerates of Au nanoparticles look totally different (Fig. S3).
The image clearly illustrates that too much Au nanoparticles can
form Au cluster, and cannot be uniformly dispersed on the surface
of OMC.

The composition of as-synthesized Au@POMs/OMC-2 was
confirmed by EDX spectroscopy, as shown in Fig. 2A. It shows the
peaks corresponding to carbon, oxygen, Au, and tungsten elements
(the strong peaks of Cu are from the copper grid), therefore con-
firming the existence of Au@POMs in the Au@POMs/OMC nano-
hybrids. The XRD patterns of the Au@POMs/OMC-2 are presented
in Fig. 2B. The observed characteristic peaks at 38.4° and 44.3° are
assigned to the (111) and (200) planes of Au crystals of face-cen-
tered cubic structure. Moreover, diffraction peaks from the POMs
were also observed. Their presence constitutes an unquestionable
evidence for the formation of tri-component nanohybrids of
Au@POMs/OMC-2. In addition, XRD patterns of Au@POMs/OMC-1
Scheme 1. Illustration of the preparation of Au@POMs/OMC tri-component
nanohybrids.
and 3 are presented in Fig. S4. The content of the obtained ma-
terials were further determined using XPS analysis. The XPS wide
scan spectra of as-prepared Au@POMs/OMC-1, 2, and 3 nano-
composites are depicted in Fig. S5. The elemental composition of
different materials obtained from XPS analysis is shown in Table
S1. The XPS spectrum of the as-prepared nanohybrids of Au@-
POMs/OMC-2 shows the Au4f 7/2 and 4f 5/2 doublet with the
binding energies of 84.0 and 87.7 eV, respectively (Fig. 2C). These
values unambiguously suggest that Au nanoparticles are present
only in the metallic form, indicating the formation of Au nano-
particles on the surface of OMCs. The presence of W was also
detected by XPS despite the thorough washing of the samples. As
shown in Fig. 2D, there is W4f 5/2 and 4f 7/2 doublet with the
binding energies of 36.13 and 38.23 eV respectively. These values
indicate that W is in its full oxidation form in POMs when as-
sembling in the nanohybrids. In addition, the Au4f and W4f
doublets of both Au@POMs/OMC-1 and 3 are presented in Fig. S6.
From the characterization results of EDX, XRD, and XPS, it is clearly
shown that, except for strong peaks of Au, tungsten is present in
the samples, confirming the POMs existence around Au NPs. This
happens because the reduced POMs were serving as reducing
agents for Au3þ , and then the POMs with oxidation form were
wrapped on the surface of Au nanoparticles. This is not surprising
because it is in perfect agreement with the existing literature
(Wang et al., 2009; Zhang et al., 2009).

EIS experiments were conducted to analyze the capability of
electron transfer of different electrode materials. Fig. S7 shows the
Nyquist plots of the EIS for the bare GCE, OMC–GCE, and Au@-
POMs/OMC-1, 2, and 3-GCE. The charge transfer resistance (Rct)
values for the − −Fe[(CN) ]6

4 /3 couple at different electrodes were
recorded and are shown in Table S2. It demonstrates that OMC can
form a fast electron pathway between the electrode and the
electrolyte and can therefore serve as a good platform for sensing
applications. However, it is worth mentioning that the amount of
Au nanoparticles and its quality of dispersion are the key factors to
the rate of electron transfer. At the Au@POMs/OMC-1-GCE, the
amount of Au is relatively low, so that the electron transfer rate
cannot achieve the best results. As far as Au@POMs/OMC-3-GCE is
concerned, the too big amount of Au nanoparticles not only raises
the costs of production, it may also cause the nanoparticles to
agglomerate, and this makes it ineffective to the electron transfer.
Compared with the two nanohybrids, Au@POMs/OMC-2 possesses
reasonable coverage amount and well dispersion of Au nano-
particles on the OMC, which can facilitate the rate of electron
transfer. This is the reason why it has the best electrocatalytic
ability among the Au@POMs/OMC samples investigated in this
study, as shown in the following section.

3.2. Electrocatalysis of AP, H2O2, and NADH and their detection

The electrocatalytic properties of the different electrodes to-
wards AP detection were investigated. Fig. 3A displays the CVs
behaviors of the bare GCE, OMC–GCE, and Au@POMs/OMC-2-GCE
in 0.1 M PBS (pH¼7.0) solution in the presence of 1.0 mM AP over
a potential range of 0–0.8 V at a scan rate of 50 mV s�1. Clearly,
there is a small electrochemical response at bare GCE. However, a
significantly enhanced electrochemical response towards AP oxi-
dation is obtained after modification by the OMC. Au@POMs/OMC-
2-GCE shows an obvious decrease in overpotential as well as re-
sponse current increase for AP oxidation compared with bare GCE
and OMC–GCE. The CVs of the Au@POMs/OMC-1 and 3-GCE for AP
oxidation are presented in Fig. S8. It is shown that, among the
synthesized Au@POMs/OMC electrode materials, Au@POMs/OMC-
2 sample possesses the best electrocatalytic activity towards AP
oxidation (Table S3). The results indicate that the presence of
Au@POMs/OMC-2 made the electron transfer much easier



Fig. 1. (A) SEM image of OMC, (B) TEM image of OMC, (C) and (D) TEM images of Au@POMs/OMC-2, (E) columnar distribution of Au nanoparticles size for Au@POMs/OMC-2,
and (F) HRTEM image of Au@POMs/OMC-2.

Fig. 2. (A) EDX spectra of Au@POMs/OMC-2. (B) XRD patterns of the Au@POMs/
OMC-2. (C and D) High-resolution XPS spectra of Au4f and W4f spectra of Au@-
POMs/OMC-2 nanohybrids.
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compared with that of other Au@POMs/OMC-x samples. Thus, we
focused on the investigation of the AP at the Au@POMs/OMC-2-
GCE. Fig. 3B shows a typical amperometric current–time curve of
Au@POMs/OMC-2-GCE with successive additions of AP (pH 7.0).
The best potential chosen to be applied, based on the CVs
measurements, was þ0.33 V. Inset a of Fig. 3B shows the am-
perometric response of low concentration of AP at Au@POMs/
OMC-2-GCE. This figure shows that Au@POMs/OMC-2-GCE re-
sponds very rapidly to the changes in the level of AP, producing
steady-state signals in less than 2 s (inset b of Fig. 3B). The re-
lationship between AP concentration and current signal for Au@-
POMs/OMC-2-GCE is illustrated in Fig. 3C. Error bars are the
standard deviations of five repetitive experiments (RSD¼4.9%).
The current increased linearly with the good linear ranges from
1 to 57 μM (R2¼0.997, n¼15) having a sensitivity of 29.75 μ
A μM�1 and from 57 to 3000 μM (R2¼0.995, n¼12) with a sen-
sitivity of 33.18 μA μM�1. The detection limit was calculated to be
0.29 μM. The performance of the Au@POMs/OMC-2-GCE was also
compared with other AP sensors (Table S4).

To evaluate the selectivity of the Au@POMs/OMC-2-GCE in the
detection of AP, we investigated the influence of several possible
interferences in the electrochemical experiments (Fig. S9). For AP,
an ignorable interference was observed for the fructose, sucrose,
citric acid, and tryptophan. Some interference, such as uric acid
and NADH was also obtained. In order to evaluate the practical
application of the fabricated electrode, it was used to detect the
concentration of AP from paracetamol tablets under the optimum
laboratory conditions. To demonstrate the performance of the
proposed method in a real sample analysis, the concentration of
AP in paracetamol tablet was analyzed using i-t method based on
the Au@POMs/OMC-2-GCE by the standard addition method. It
was found that the content of AP in paracetamol tablet was
623 mg/g per tablet (n¼5), RSD is 3.2%. The result is similar with
that of the standard concentration of paracetamol tablet (600 mg/
g). This means that the proposed i-t method using Au@POMs/
OMC-2-GCE is applicable for the fast and accurate determination
of AP in pharmaceutical formulations.

In Fig. 4A, the CVs for H2O2 reduction at different electrodes
were compared. It shows a weak electrocatalytic reduction current
towards H2O2 at bare GCE. For OMC–GCE, the reduction results
exhibit a marked increase in current for H2O2 reduction compared
with GCE. More interestingly, the catalytic activity of Au@POMs/
OMC-2-GCE is evident from a decrease in overpotential as well as
response current increase for H2O2 reduction compared with bare
GCE and OMC–GCE. Moreover, compared with Au@POMs/OMC-1
and -3-GCE (Fig. S10), the Au@POMs/OMC-2-GCE shows the best
catalytic activity for H2O2 reduction. Thus, we focused on the in-
vestigation of the electrochemical properties of Au@POMs/OMC-2.
Fig. 4B displays the current–time responses of Au@POMs/OMC-2



Fig. 3. (A) CVs of bare GCE, OMC–GCE, and Au@POMs/OMC-2-GCE in the presence
of 1.0 mM AP (pH¼7.0). Scan rate: 50 mV s�1. (B) Typical amperometric current–
time curve of Au@POMs/OMC-2-GCE with successive additions of AP (pH¼7.0).
Inset a: The amperometric response with successive addition of AP at lower con-
centration. Inset b: The current response time after the AP addition at Au@POMs/
OMC-2-GCE. (C) The linear dependence of the current signal on AP concentration
for Au@POMs/OMC-2-GCE. Inset: the amperometric response with successive ad-
dition of AP at lower concentration.

Fig. 4. (A) CVs of bare GCE, OMC–GCE, and Au@POMs/OMC-2-GCE in the presence
of 1.0 mM H2O2 (pH¼7.0). Scan rate: 50 mV s�1. (B) Typical amperometric current–
time curve of Au@POMs/OMC-2-GCE with successive additions of H2O2 (pH¼7.0).
Inset a: The amperometric response with successive addition of H2O2 at lower
concentration. Inset b: The current response time after the H2O2 addition at
Au@POMs/OMC-2-GCE. (C) The linear dependence of current signal on H2O2 con-
centration for Au@POMs/OMC-2-GCE. Inset: the amperometric response with
successive addition of H2O2 at lower concentration.
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for H2O2 detection at pH¼7.0 with the applied potential of
�0.03 V. Inset a of Fig. 4B shows the amperometric response of
low concentration of H2O2 at Au@POMs/OMC-2. The current re-
sponse of Au@POMs/OMC-2 generally reached a steady-state level
within 2 s after the H2O2 addition (inset b of Fig. 4B). The corre-
sponding calibration plot for the reduction of H2O2 at Au@POMs/
OMC-2 is shown in Fig. 4C. The H2O2 sensor displays a linear range
of 1–20 μM (R2¼0.995, n¼11) with a sensitivity of 72.44 μ
A mM�1 and 20–1900 μM (R2¼0.998, n¼29) with a sensitivity of
55.72 μA mM�1. The detection limit was calculated to be 0.36 μM
with the signal to noise ratio of three (S/N¼3). The reproducibility
of the sensor was also investigated by current–time method for
five repetitive measurements with additions of 100 μM H2O2 at
�0.03 V (pH¼7.0). The RSD of the sensitivity was less than 3.0%.
When the Au@POMs/OMC-2 was stored at 4 °C for two weeks, the
current response to 100 μM H2O2 remained 94.5% of its original
value, suggesting the long-term stability of the modified electrode.



Fig. 5. (A) CVs of bare GCE, OMC–GCE, and Au@POMs/OMC-2-GCE in the presence
of 0.5 mM NADH (pH¼7.0). Scan rate: 50 mV s�1. (B) Typical amperometric cur-
rent–time curve of Au@POMs/OMC-2-GCE with successive additions of NADH
(pH¼7.0). Inset: The current response time after the NADH addition at Au@POMs/
OMC-2-GCE. (C) The linear dependence of current signal on NADH concentration
for Au@POMs/OMC-2-GCE.
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The performance of the Au@POMs/OMC-2 was also compared with
other H2O2 sensors (Table S5).

Possible interferences for the detection of nitrobenzene at the
Au@POMs/OMC-2-GCE were also investigated by addition of var-
ious pollutants in the presence of 200 μM H2O2 (Fig. S11). From
the results, hydrazine, nitrobenzene, aniline, 2-toluidine, toluene,
and phenol and have no obvious influence on the H2O2 detection
at Au@POMs/OMC-2-GCE with their concentrations of 10-fold
higher than that of H2O2. H2O2 in commercially disinfectant so-
lution was detected by the as-prepared Au@POMs/OMC-2-GCE.
Briefly, 100 μL commercially disinfectant samples were added into
10 mL PBS solution, and then the current response was recorded at
�0.03 V. The results are satisfying and agree with the results
obtained by Au@POMs/OMC-2-GCE sensor in standard con-
centration (standard concentration of the commercially disin-
fectant is 3%). These illustrate our electrode could be used for
detecting not only the standard H2O2, but also the real samples
accompanying good reliability.

Fig. 5A displays the CVs of different electrodes in the presence
of NADH. There is a small electrochemical response at bare GCE.
However, it exhibits obvious decrease in overpotential with in-
crease in peak current for NADH oxidation at OMC–GCE compared
with bare GCE. Additionally, the oxidation current of NADH at the
Au@POMs/OMC-2 exhibits an increased signal, which is 19.1- and
1.6-fold higher than that of the bare GCE and OMC–GCE, respec-
tively. The catalytic activities of Au@POMs/OMC-1 and 3-GCE for
NADH oxidation are shown in Fig. S12. The values of overpotential
and peak current of Au@POMs/OMC-x-GCE for NADH oxidation are
presented in Table S3. Thus, Au@POMs/OMC-2 was selected as an
amperometric sensor for NADH detection. In this study, the cur-
rent–time method was employed to detect NADH at Au@POMs/
OMC-2-GCE (Fig. 5B). It is very clear that the current response of
Au@POMs/OMC-2 generally reached a steady-state level within 4 s
after the NADH addition (inset of Fig. 5B). The calibration curve of
oxidation current is depicted in Fig. 5C, it exhibits steady am-
perometric response towards NADH in the linear concentration
range of 1–110 μM (R2¼0.994, n¼12) with a sensitivity of 10.54 μ
A mM�1 and from 110 to 810 μM (R2¼0.997, n¼15) with a sen-
sitivity of 9.35 μA mM�1. The detection limit is 0.41 μM. The re-
producibility of the sensor was also investigated by current–time
method. The RSD of current signal for 200 μM NADH was less than
5.2% for five measurements, for the same electrode. After being
stored at 4 °C for two weeks, 9.4% current loss was observed at
Au@POMs/OMC-2 on the amperometric response of 200 μM
NADH. The detailed comparison of NADH detection performance
using different NADH sensors is summarized in Table S6. Possible
interferences for the detection of nitrobenzene at the Au@POMs/
OMC-2-GCE were also investigated by addition of various pollu-
tants in the presence of 0.1 mM NADH (Fig. S13). The interference
of compounds, namely fructose, sucrose, citric acid, tryptophan,
uric acid, and AP were tested under the optimized experimental
conditions. It was also found that these compounds have no re-
sponse when their concentrations were 10-fold higher than NADH
except uric acid and AP.

In addition, the POMs/OMC nanocomposites as the electro-
catalyst for AP, H2O2, and NADH are also recorded. The CVs for AP,
H2O2, and NADH at POMs/OMC–GCE were presented (Fig. S14). It
shows that the response current and overpotential for AP (Fig.
S14A), H2O2 (Fig. S14B), and NADH (Fig. S14C) at POMs/OMC–GCE
are consistent with that of the OMC–GCE. Interestingly, the cata-
lytic activity of Au@POMs/OMC-x-GCE is evident from a decrease
in overpotential as well as response current increase for these
biomoleculars compared with POMs/OMC–GCE and OMC–GCE.
The results indicate that Au nanoparticles play an important role
in the Au@POMs/OMC-x-GCE tri-component nanohybrids.

By and large, from these findings of electrochemical experi-
ments, the Au@POMs/OMC-2 tri-component nanohybrids dis-
played the best electrocatalytic activity among the as-synthesized
samples investigated in this study. The reason is attributed to the
well dispersion of Au nanoparticles on the OMC and the suitable
configurations of Au nanoparticles in the Au@POMs/OMC-2 na-
nohybrids. They are the key factors in determining the hetero-
geneous electron transfer rate of electrode. Therefore, the Au@-
POMs/OMC-2 sample could offer a favorite microenvironment for
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transferring species in solution, and would also be beneficial for
accelerating electron transfer between the electrode and species in
solution.
4. Conclusions

Au@POMs/OMC tri-component nanohybrids have successfully
been prepared for the first time using a facile, green, and one-pot
synthesis method. The POMs were used as both the reductant and
bridging molecules. The OMC can offer a platform for supporting
Au@POMs to form novel hybrid nanostructures with synergetic
effects. The amounts of Au were selected in a reasonable optimi-
zation. These as-prepared samples were verified by detailed
characterization analyses and electrochemical investigation.
Au@POMs/OMC-2 tri-component nanohybrids presented the best
electrocatalytic activity among the as-synthesized samples. A
sensitive biosensor for AP, H2O2, and NADH was developed based
on the Au@POMs/OMC-2-GCE, which showed wide linear range,
low detection limit, high sensitivity, and good stability. In point of
fact, the successful fabrication of Au@POMs/OMC holds great
promise for the design of biosensors, and is a promising way to
promote the development of new electrode materials.
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