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Self-interconnecting Pt Nanowire Network Electrode
for Electrochemical Amperometric Biosensor

Shugi Wang,™" Li-Ping Xu,**" Hai-Wei Liang,’ Shu-Hong Yu,** Yongqiang
Wen,"” Shutao Wang*® and Xueji Zhang**"

One-dimensional Pt nanostructures are of considerable interest for the development of
highly stable and sensitive electrochemical This paper described a self-
interconnecting Pt nanowire network electrode (PtNNE) for detection of hydrogen peroxide
(H,0,) and glucose with ultrahigh sensitivity and stability. The as-prepared PtNNE consists
of polycrystalline nanowires with high-index facets along the side surface which providing
more active surface atoms on kinks and steps, and those ultralong nanowires interconnected
with each other to form a free-standing network membrane. The excellent structure features
of PtNNE promoted the performance of Pt-based -electrochemical
electrocatalytic activity and stability. Amperometric measurements towards hydrogen
peroxide were performed, the PtNNE sensor showed an extremely high sensitivity of
1360 pA mM ' cm 2. This excellent sensitivity mainly attributes to the high-index facets of
nanowires superior electrocatalytic activity towards H,O, and the interconnected nanowire
network formed “electron freeway” transport model, which could provide multiple electron
pathways and fast electron transport on the electrode, leading to rapid reaction and sensitive
signal detection. The as-prepared PtNNE also hold promise in oxidase based biosensor. As a
proof of concepts, PINNE based glucose biosensor also showed an outstanding sensitivity as
high as 114 pA mM ' cm 2, a low detection limit of 1.5 pM, and an impressive detection

SEensors.

sensor both in

range from 5 uM to 30 mM.

Introduction

The level of hydrogen peroxide (H,0,) has been suggested as a
potential biomarker of whole body oxidative stress.'” H,0, is
also always concerned in various fields such as food processes,
textile industry, pulp and paper bleaching, pharmaceutical
research, etc.*’ Therefore, the development of hydrogen
peroxide sensors with high sensitivity and high stability is not
only of practical significance for point-of-care detection, but
also important for academic and industrial purposes. For
decades, electrochemical (EC) based H,0,
attracted much attention due to their merits of providing an

sensors have

accurate, sensitive and yet simple, inexpensive, compact and
low-power platform for on-site detecting.® Moreover, since
H,0, is an important product in oxidase reaction, EC-based
H,0, sensors have been intensely applied to fabricate oxidase-
based biosensor ,
which is of great demand in the clinical applications about
diabetes and endocrine metabolic disorder diagnosis.’ Hence, it
is highly desirable to develop either H,O, or glucose biosensors
with excellent and stable performance.

especially for glucose oxidase biosensor

This journal is © The Royal Society of Chemistry 2013

Owing to the booming development in nanotechnology and
the outstanding chemical/physical properties of nanomaterials,
the electrochemical sensor performance has been remarkably
enhanced, which could make the electrochemical devices meet
the urgent need of biomedical and environmental
applications.'®'? Platinum (Pt) based nanomaterials have been
widely employed in the detection of H,O, and glucose due to
their excellent electrocatalytic capability for the oxidation and
reduction of H,0,."*"'® The greatly enhanced electrocatalytic
activity of Pt nanomaterials mainly attributes to their enlarged
surface area and favorable lattice planes which provide
enormous number of active centers for electrochemical
reactions and facilitate the electron transfer reaction of H,0,.'%
'7 The most widely studied electrocatalyst is Pt nanoparticles
(Pt NPs) which were often dispersed on support materials with
large surface area.'” '82° Although Pt NPs can achieve high
electrocatalytic activity, their applications are restricted by their
poor durability. The electrochemical reaction and Ostwald
ripening may lead to the migration and coalescence of Pt NPs,
and ultimately result in the detachment of Pt NPs from the
electrodes.?"" 2 Moreover, the poor connection at the interface
between nanoparticles and support materials may impede mass
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diffusion, and result in a large resistance for the electron
transfer.?® In contrast to Pt nanoparticles, one-dimensional (1D)
Pt nanomaterials such as Pt nanowires exhibit high stability,
easy electron transport and high electrocatalytic activity due to
their anisotropy, unique structure or surface properties.** %> Pt
nanowires have adequate active facets exposing on their large
side surface and provide the facile pathways for the electron
transfer by reducing the number of interfaces between the
nanoparticles.”® %7 Hence, Pt nanowires would be a very
promising electrode in electrochemical sensors. Several studies
demonstrated that H,O, electrochemical sensors based Pt
nanowires exhibited obvious improvements in sensitivity and
durability.**° However, currently most Pt nanowires were still
in the form of powder and the discontinuity of nanowires may
make the prepared electrode less stable and less conductive.

Three-dimensional (3D) conducting network provides a
rational solution to improve the electronic conductivities of
nanomaterials. The assembly of 1D nanomaterials into 3D
macroscopic membranes is highly desired because these
nanofibrous membranes possess good flexibility, high stability,
interconnected nanowire network and high porosity and large
specific surface area.’'*? In this work, a self-interconnecting Pt
nanowire network electrode (PtNNE) was prepared.*® Due to its
intrinsic nanostructure, the as-prepared PtNNE showed an
excellent performance in electrocatalysis of oxygen. Our results
indicated that the self-interconnecting PtNNE showed a greatly
enhanced sensitivity and stability towards H,O, electrocatalysis,
and also hold the promise for sensitive detection of glucose in
oxidase enzyme based biosensor.

Experimental
Reagents

Hydrogen peroxide (H,O,) was stored at 4 °C and diluted to required
concentrations before use. H,O, glutaraldehyde (50%), D-(+)-
glucose (99.5%) were obtained from Sinopharm Chemical Reagent
Go., Ltd.,, China. Dihydrogen hexachloroplatinate hexahydrate
(H,PtCls 6H,0) was obtained from Alfa Aesar. L-ascorbic acid
(AA), uric acid (UA), Dopamine (DA) and glucose oxidase (GOx,
from Aspergillus niger, EC 1.1.3.4, 50 KU) were all provided by
Sigma-Aldrich. All other reagents were commercially available and
of analytical reagent grade. All solutions were prepared with
ultrapure water (Milli-Q, 18.2 MQ cm).

Instruments

The scanning electron microscope (SEM) images and the energy
dispersive X-ray (EDX) spectroscopy analysis were obtained with a
JEOL JSM-6701F (JEOL, Japan). Transmission electron microscope
(TEM) measurements were performed on TECNAL G2 F30 S-
TWIN (FEI, USA) operated at an acceleration voltage of 300 kV.
Atomic force microscope (AFM) images were obtained on a Bruker
Nanoscope IIla. Fourier transform infrared (FT-IR) spectra by KBr
containing the PtNNE/GOx were carried out on a Thermo Nicolet
6700 FT-IR spectrometer at room temperature. Electrochemical
measurements were performed using a 660D Electrochemical
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Analyzer (CHI Instrument Inc., USA). The X-ray diffraction (XRD)
analyses were carried out using PANalytical Empyrean X-ray
diffractometer with CuKo radiation. Electrochemical impedance
spectroscopy (EIS) measurements were carried out with an Autolab
PGSTAT 302N (Metrohm, Switzerland) and the frequency range
was at 0.1 Hz-100 kHz at 210 mV vs. Ag/AgCl.

Fabrication of Self-interconnecting PtNNE

Te nanowire and Te@C nanocables templates was firstly
synthesized via a simple hydrothermal method and the
procedures were well described in provious work.>* ** In brief,
Te nanowire was dispersed into 0.35 mol/L glucose solution
with magnetic stirring for 15 min, then the hydrothermal
carbonization process was carried out at 160 “C for 18 hours.
The as-prepared Te@C nanocables were washed with absolute
ethanol and ultrapure water, then 0.2 mM H,PtCls was mixed
and shaken reacting at 50 ‘Cfor 12 hours. The Pt@C nanowires
were collected with ultrapure water by filtration, and then
redispersed in ethanol under vigorous stirring for 3 hours.*® The
suspension was poured into a container to evaporate for one day
at room temperature. Finally, the self-interconnecting Pt
nanowire membrane could obtained by calcination of Pt@C
nanocable membrane at 400 °C for 1 hour.*?

A glassy carbon electrode (GCE, 3 mm in diameter, area ~
0.07 cm?®) served as the substrate for the working electrode.
Prior to use, the GCE was first polished with 0.3 and 0.05 pm
alumina slurry on felt polishing pads, and cleaned with
ultrasonication in ethanol and water successively, and then
dried under a nitrogen stream. A round as-prepared PtNNE
(~3 mm in diameter) was adhered on the GCE using Nafion
solution (5 pL, 0.05 wt%).

Immobilization of GOx on PtNNE

Before immobilization of GOx, PINNE was electrochemically
cleaned by cyclic voltammetry in 0.5 M H,SO, solution to
produce a clean electrode surface, which was followed with
rinsing using water and PBS, then dried under a nitrogen stream.
The GOx was dissolved into 0.1 M PBS (pH 7.0) with a final
concentration of 20 mg/ml. Then 10 pL of the GOx solution
was dropped onto PtNNE surface, and maintained under room
temperature until dry. Subsequently, 10 pL of 2.5%
glutaraldehyde was then dropped onto the surface of the
electrode, and reacted for 4 h to cross-link GOx with the
PtNNE. Finally, the modified electrode was washed thoroughly
with PBS in order to remove unfixed molecules. The
PtNNE/GOx was stored in PBS at room temperature before use.

Electrochemical Measurements

All the electrochemical measurements were performed in a
three-electrode system. The as-prepared PtNNE used as
working electrode, Ag/AgCl and platinum wire were used as
reference and electrodes, respectively. Before
electrochemical measurements, the PtNNE was first cycled
from —0.2 V to —1.2 V versus Ag/AgCl at 100 mV/s in 0.5 M

counter
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H,SO, solution to produce a clean electrode surface. All
amperometric measurements were implemented by successive
addition of analytes into 0.1 M PBS (pH 7.0) with a constant
stir at room temperature.

Results and Discussion

Synthesis of Self-interconnecting PtNNE and Structural
Characterization

The
(PtNNE) was fabricated via a multiplex templating process.

self-interconnecting Pt nanowire network electrode
Ultrathin Te nanowire was synthesized firstly via a simple
hydrothermal method. Then by hydrothermal carbonization of
glucose on Te nanowire, Te@C nanocables were prepared
successfully. Through a redox reaction between H,PtClg and Te,
Pt@C nanocables were obtained on the Te@C nanocables
template. Pt@C nanocable assembled into a free-standing
membranes by a solvent-evaporation-induced self-assembly
plrocess.%36 Finally, the self-interconnecting PtNNE obtained
by calcination of Pt@C nanocable membranes at 400 °C in air
for 1 h to remove the carbon species. The X-ray diffraction
(XRD) and energy dispersive X-ray (EDX) spectrum (shown in
Fig. S1.) displayed the typical
diffractions peaks of Pt, confirming that the final products

Supporting Information,

consisted exclusively of Pt element.

Scanning electron microscopy (SEM) and transmission
electron microscopy (TEM) images (Fig. 1A—C) showed that
the as-prepared PINNE have very fine wire-like nanostructures
with lengths of several tens of micrometers and diameter of
about 12 nm. Side-view SEM images (Fig. 1B and Fig. S2.)
that
interconnected with each other to form a highly porous

revealed those high-aspect-ratio Pt 1D nanowires
nanowire network membrane with a thickness of about 6 pm.
The nanowire network exhibited a good stability that nanowire

entangled with each other even after ultrasonic treatment (Fig.

Fig. 1. The SEM and TEM images of PtNNE. (A) Top-view and (B) side-
view SEM images of self-interconnecting PtNNE. (C) TEM images of Pt
nanowires dispersed by ultrasonic treatment. (D) High-magnification
TEM image of Pt nanowire showing crystalline lattice fringes recorded
from (C).

This journal is © The Royal Society of Chemistry 2012
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S2A). This poriferous structure could provide large amount of
surface areas and abundant active sites, also could facilitate
electron transport and reagent diffusion on the electrode, which
is crucial for electrocatalytic reactions in electrochemical sensor
application.'® Furthermore, TEM images in Fig. 1C, D revealed
that the single Pt nanowire was composed of multiple single-
crystal facets on its side surface extending along the axis of the
nanowire. The observed (111), (200), (220) and (311) crystal
planes of pure Pt with face-centered-cubic (fcc) phase (JCPDS
04-802) were in good agreement with their characteristic peaks
in XRD spectrum, (222) crystal plane was also found in XRD
spectrum. It was reported that the polycrystalline Pt 1D
exhibited
electrocatalytic active due to their high percentage of surface

nanowire with high-index facets superior
atoms located at steps and kinks.*>® Hence, the self-
interconnecting Pt nanowire network with porous structure and
high-index facets hold the promise as electrochemical sensor

with high performance.

The electrochemical properties of PtNNE were
characterized by cyclic voltammetry (CV) and electrochemical
impedance  spectroscopy (EIS). The estimating the
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Fig. 2. (A) Cyclic Voltammograms obtained at PtNNE (black line) and Pt
plate electrode (red line) in N,-saturated 0.5 M H,SO, at 50 mV/s. The
inset shows the enlarged CV of Pt plate electrode. (B) Nyquist plots of 5
mM [Fe(CN)G]S‘M‘ obtained at bare GCE, PtNNE and Pt plate electrode.
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electrochemical active surface area (ECSA) is a critical
performance metric for catalyst and membrane electrode, and
the technique of using a hydrogen adsorption/desorption
method in conjunction with cyclic voltammetry has been used
for several decades.*”*' The cyclic voltammogram of PtNNE
and a commercial Pt plate electrode (for comparison) were
scanned in deaerated H,SO, solutions within a potential range
from —0.2 to 1.2 V as shown in Fig. 2A. PtNNE exhibited well-
defined hydrogen adsorption/desorption peaks, which attributed
to the different crystal facets of polycrystalline Pt 1D
nanostructure. ECSA was calculated by integrating the charge
associated with hydrogen adsorption/desorption region, and
assuming 210 uC cm > for the adsorption of a monolayer of
hydrogen on a Pt surface. The electrochemical active surface
area of PINNE was determined to be 15.15 cm? which is
almost 214 times of its projected area (the projected area refers
to its geometric area). In contrast, the electrochemical active
surface of commercial Pt plate electrode is about 0.11 cm?
(calculated from CV in Fig. 2A), which is 1.5 times of its
projected area. This result indicated that the surface area of
PtINNE was highly the
nanostructures.

increased by fine wire-like

EIS is an effective approach to analyze the interfacial
properties A typical
(Nyquist plot) includes a

frequencies and a linear part at lower frequency range. They

of electrodes. impedance spectrum

semicircle portion at higher

represent the electron-transfer-limited process and the diffusion
limited process respectively. The semicircle diameter in the
impedance spectra equals to the electron-transfer resistance
(Re), which determines the electron-transfer kinetics of the
redox probe at the electrode interface.’® Fig. 2B showed the
Nyquist plots of PtNNE, bare GCE and commercial Pt plate
electrode in 5 mM [Fe(CN)¢]*™. It can be seen that a
semicircle curve were obtained with the bare GCE and
commercial Pt plate electrode, which indicated a slow electron
transfer process. As for PtINNE, the curve was almost a straight
which diffuse the
electrochemical processes and indicated that PINNE promoted

line, implied a limiting step of
the electron transfer of the electrochemical probe. Based on
above analysis, the large active surface areas (ECSA) and the
enhanced electron transfer properties of PtINNE definitely lead

to the enhanced electrocatalytic activities.

Electrocatalytic Performances of PtNNE towards H,0,

Amperometric responses of PtNNE towards successive
injection of different concentration of H,O, were measured at
the optimized potential of 0 V under a constant stirring
condition (see supplementary information and Fig. S3, Fig. S4),
and the typical current-time curves were showed in Fig. 3A. Pt
plate electrode was also evaluated for comparison. PtNNE
showed a very fast response toward H,0, and could achieve the
maximum steady-state current within 3 s, which indicated that
PtNNE has high electrocatalytic efficiency toward reduction of
H,0,. The electrocatalytic properties of PtNNE were

demonstrated clearly in the calibration plot of steady-state
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currents against the concentration of H,O, in Fig. 3B. The
current responses increased linearly with increasing of H,0,
concentration in the range of 5 uM—3 mM with a correlation
coefficient of 0.999, a detection limit of 9.6 uM was obtained
(based on signal-to-noise ratio, S/N = 3). Noticeably, PtNNE
displayed a remarkable sensitivity as high as 1360 pA mM '
cm 2 (based on its geometric cross-sectional area), which was
much higher than that of Pt plate electrode (282 pA mM '
cm 2). The reported highest sensitivity of other Pt based H,O,
electrocatalytic electrode is about 900 pA mM ' ¢cm2,'7- 23042
4 Hence, the as-prepared PtNNE displayed an outstanding
sensitivity.
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Fig. 3. (A) Amperometric responses of PtNNE (black line) and Pt plate
electrode (red line) to successive injection of different concentration of
H,0, into a stirred solution of 0.1 M PBS (pH 7.0) at applied potential of
0 V. The inset was the amperometric responses at the region of low
concentration (dash box). (The current density was calculated by the
projected area) (B) The calibration curve plots for H,0, responses of
PtNNE (black line) and Pt plate electrode (red line). For PtNNE, linear
range is 5 UM ~ 3 mM, y = -0.0031 - 0.00136x, r = 0.999 (x/uM, y/mA
cm-2). For Pt plate electrode, y = —0.00226 - 0.000282x, r = 0.9436.
Error bars represent the standard deviations of three independent
measurements
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The extraordinary electrocatalytic activity towards H,O, and
high sensitivity of PtNNE mainly attribute to the self-
intercrossing 3D nanowire network structure of PtNNE
membrane. Firstly, Pt nanowire network structure has large
surface areas as discussed previously (Fig. 2A), which provides
sufficient contacting area for analyte with electrode and also
abundant electroactive sites for efficient -electrocatalytic
reactions. Secondly, the as-prepared Pt nanowires are bounded
by high-index facets, which have high percentage of surface
atoms located at steps and kinks, displaying superior
electrocatalytic activity to that of the flat planes for several
reactions such as electroreduction of O,, which is also highly
active for reduction of H,O, (H,O, is an intermediate product of
0, reduction).”® Moreover, the poriferous network facilitates
electrolyte and analyte transport and gas diffusion on the
electrode, which is beneficial for electrocatalytic reaction. Most
importantly, 1D Pt nanowires formed the self-interconnecting
network spontaneously without adding any extra binders. The

pure PtNNE was convinced to have high conductivity (Fig. 2B).

Thus PINNE makes the electrons transfer easier and provides
multiple effective electron transport pathways as shown in
Scheme 1, leading to rapid reaction and sensitive signal
detection.

=
Monitor

i HzUOz"

Electrolyte
solution

Glassy Carbon

Scheme 1. Multiple effective pathways for electron transporting of PtNNE.

Considering its practical application, the reproducibility of
PtNNE was also examined by successive measurements of 100
uM H,O, by the same sensor. The relative standard deviation
(RSD) in response to 10 measurements by the same electrode
was 4.5%. The good reproducibility implied the reliability of
the electrode for detection of H,O,. PtNNE was stored at room
temperature in PBS (pH 7.0) for one month, the current
responses to 100 uM H,0; remained 97% of its original value
(Fig. 4), which showed satisfactory long-term stability of
PtNNE. The stability of response signal indicated that PtNNE
was very stable, which attributed to unique self-interconnecting
network structure formed by nanowires. The selected detection
potential ensured the good selectivity of the sensor in the
presence of common interferences and oxygen. Therefore, the
as-prepared PtNNE could be a promising electrode material for
preparation of sensitive and stable amperometric sensors
toward H,O, detecting.

This journal is © The Royal Society of Chemistry 2012
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Fig. 4. Long-term stability of PtNNE in response to 100 uM H,0,.
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PtNNE/GOx Glucose Biosensor Performance

The self-interconnecting PtNNE holds the promise of
application in a number of oxidase-based amperometric
biosensors. As for an example, experiment with glucose
oxidase based PtNNE was further carried out for glucose
detection. GOx was successfully immobilized on PtNNE
according to the atomic force microscope (AFM) images and
Fourier transform infrared (FT-IR) spectra (Fig. S5 and S6).
The measurement of glucose relied on detection of hydrogen
peroxide produced by the reduction of oxygen during glucose
oxidase reaction. According to previous studies (Fig. S4),
glucose could be directly oxidized by bare Pt electrode in the
range of —0.3 ~ 0.1 V, hence the reduction potential of 0 V for
H,0,; detection was not suitable for glucose detection. Based on
the current responses of PtNNE towards 1 mM H,O, at
different applied potential in Fig. S7A, the measurements of
glucose were carried out at an optimally sensitive potential of
+0.6 V vs. Ag/AgCl, which was also consistent with the
literatures.” ** Fig. 5A showed the typical amperometric
responses of the PtNNE/GOx with successive addition of
glucose. The current increased and quickly reached a steady-
state (5—10 s) with increasing the glucose concentration, and
current responses were obtained for different concentrations of
glucose. It could be seen from the calibration curve in Fig. 5B
that the PINNE/GOx displayed an outstanding performances
which involved two main points: 1) the extremely high
sensitivity toward glucose, the detection limit was obtained to
be 1.5 uM (based on signal-to-noise ratio S/N = 3) and the
sensitivity in the linear range was calculated to be as high as
114 pA mM' cm™> which was much higher than most
previous enzyme biosensors based on Pt.>* %6 2) A excellent
linear range from 5 pM to 30 mM with a correlation coefficient
of 0.995. When glucose concentration exceeded 30 mM, the
current responses slightly began to deviate from linearity
because of the oxygen dependence of GOx based biosensors.
Obviously, this extensive detection range is superior to
previously reported Pt glucose sensors.

J. Name., 2012, 00, 1-3 | 5
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Fig. 5. (A) Amperometric responses of PENNE/GOx with successive addition
of various concentrations of glucose at 0.1 M PBS at an applied potential
of 0.6 V vs. Ag/AgCl. Inset shown the magnified part of the curve marked
with the dash square. (B) The calibration curves according to (A) for
glucose concentrations from 5 uM to 70 mM. The inset shown the fitting
straight-line for lower concentration from 5 uM to 30 mM, y = 0.114x +
0.046, (x/mM, y/mA cm™). Error bars represent the standard deviations of
three independent measurements.

PtNNE played an important role as both the enzyme loading
support and the excellent electrocatalyst for this enhanced
performance of glucose sensor. The poriferous nanowire
network allowed the efficient immobilization of enzyme on the
side surface of nanowires, providing a short diffusion pathway
for H,O, reaction. The fast response and the sensitive signal
demonstrated that H,O, produced near GOx could be directly
catalyzed by the interconnecting PtNNE nearby. Additionally,
the the diffusion of
electrolyte, glucose and O, on the electrode, which providing
the sufficient area for interfacial reaction. With the successfully

interconnecting PtNNE facilitated

fabricated high performance of H,O, and glucose biosensor, the
proposed interconnecting PtNNE could be very promising in
other oxidase-based sensor.

The the PtNNE/GOx biosensor was
investigated. The common interfering substances of ascorbic

selectivity of

6 |Nanoscale, 2012, 00, 1-3

acid (AA) and uric acid (UA) were added into glucose detection
in Fig. S7B. The current responses upon 0.5 mM UA and 1 mM
AA were 0.4% and 7.3% of that to 5 mM glucose, respectively,
which indicating a good selectivity.

The reproducibility is evaluating the
performance of biosensors. The amperometric responses of 1

important in

mM glucose for 8 times using the sample PtNNE/GOx were
carried out in Fig. S8. A relative standard deviation (RSD) of
4.1% signal changes was obtained, which indicated the good
repeatability of this biosensor. Moreover, the electrode-to-
electrode reproducibility was studied by measurement of four
independently prepared PtINNE/GOx biosensors. A RSD of 3.5%
(responses to 1 mM glucose) was obtained, representing a good
reproducibility of the biosensor.

To evaluate the practical application of the biosensor,
simulative blood sample (0.1 M PBS, pH 7.4, containing 0.1
mM AA, 0.1 mM DA, 0.02 mM UA and 0.15 mM chloride ions)
and fetal calf serum (containing various proteins, 1:10 diluted
with 0.1 M PBS, pH 7.0) were used as electrolyte to detect
glucose.** ¥’ The amperometric responses to 1 mM glucose in
such simulative blood and serum samples were about 99% and
94% of that in PBS, respectively, which indicated the less
influence on glucose detection. All the above results revealed
the potential application in glucose biosensor.

Conclusions

In summary, we have demonstrated a three-dimensionally self-
interconnecting Pt nanowire network electrode platform for
ultrahigh sensitive detection of H,O, and glucose. The PtNNE
was fabricated via a simply step-by-step multi-templating
The as-prepared PtNNE showed an outstanding
sensitivity and a satisfactory long-term stability towards H,O,

process.

detection. The excellent electrocatalytic sensitivity of PtNNE
mainly attributed to its structure  determined
enhancements, i.e. the porous structure provided the greatly

unique

enlarged surface active area and enhanced mass transportation
and gas diffusion; and then the 1D formed 3D pure Pt nanowire
network structure owned the high stability and very fast
electron transfer property, which could largely reducing the
interfacial resistance comparing with that of hybrid Pt
nanomaterials. The PtINNE was also applied to fabricate the
GOx-based glucose biosensor. As a result, it showed a low
detection limit of 1.5 pM, a high sensitivity of
114 pA mM ' em™, and a considerably wide detection range
from 5 uM to 30 mM. The present results suggested that the as-
prepared Pt nanowire electrode with interconnecting network
structure can serve as a promising electrochemical platform for
a number of oxidase-based enzymes biosensors.
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