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ABSTRACT: Electrospun nanoporous carbon nanofibers (pCNFs) decorated with Ag−Pt bimetallic nanoparticles have been
successfully synthesized by combining template carbonization and seed-growth reduction approach. Porous-structured
polyacrylonitrile (PAN) nanofibers (pPAN) were first prepared by electrospinning PAN/polyvinylpyrrolidone (PVP) blend
solution, followed by subsequent water extraction and heat treatment to obtain pCNFs. Ag−Pt/pCNFs were then obtained by
using pCNFs as support for bimetallic nanoparticle loading. Thus, the obtained Ag−Pt/pCNFs were used to modify glassy
carbon electrode (GCE) for selective detection of dopamine (DA) in the presence of uric acid (UA) and ascorbic acid (AA).
This novel sensor exhibits fast amperometric response and high sensitivity toward DA with a wide linear concentration range of
10−500 μM and a low detection limit of 0.11 μM (S/N = 3), wherein the interference of UA and AA can be eliminated
effectively.
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■ INTRODUCTION

Dopamine (DA), one of the most significant catecholamines
that belongs to the family of excitatory chemical neuro-
transmitters,1 is extensively distributed in the mammalian
central nerve system.2 The level of DA in human body has been
tied to many disorders like addiction, Parkinson’s disease, and
schizophrenia,3−5 making it play a significant role in human
metabolism as well as in the central nervous and renal system.
Therefore, DA has been given tremendous attention in
biomedical and analytical investigations and there is an urgent
necessity to establish a sensitive, selective, and reliable method
for the direct detection of DA.
There are many reports about the simultaneous determi-

nation of DA, such as fluorescence quenching method,6 mass
spectrometry,7 and capillary electrophoresis.8 However, most of
these protocols are high-cost, time-consuming, and even relying
on special equipment. Electrochemical method otherwise offers
itself as an ideal alternative due to its quantitative
determination. Recently, electrochemical sensors have been
widely studied for DA sensing with the advantages of high

sensitivity, good controllability, and rapid response.9,10

However, with a much higher concentration (about 1000
times) than that of DA and similar oxidation potentials to
DA,11 coexistence of AA and UA in biological fluids often
causes severe inteference,12 which leads to poor selectivity and
sensitivity for DA detection. Therefore, it is essential to
separate the overlapping signals of DA and AA or UA from
each other. To solve this problem, chemically and physically
modified electrodes have been widely developed. For example,
researchers successfully prepared graphene oxide (GO)-
modified GCE for the simultaneous determination of both
DA and AA.13 Electrospun CeO2/Au composite nanofibers
were investigated as an electrode modifier for the sensitive
detection of DA.14 GCE modified with Pd nanoparticle/
graphene/chitosan was also used for the selective determination
of AA, DA, and UA.15 Especially, noble metal nanoparticles
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have emerged as promising materials in recent years and show
inspiring potentials in sensing because of their unusual physical
and chemical properties. Among all kinds of noble metals, Pt-
nanoparticle-modified electrodes have attracted much attention
because of their high surface area, effective mass transport, and
high catalytic activity,16,17 whereas the low utilization efficiency
and high cost of Pt seriously limit its development in
commercial applications. An alternative is to introduce a
second metal to construct bimetallic structures, which may
exhibit fascinating properties different from their corresponding
single-component particles.18 Till now, only few studies have
been reported on bimetallic-nanoparticle-modified electrodes
for electrochemical determination of DA.19,20

Because of their high mechanical strength, electrical
conductivity, and chemical stability, carbon nanofibers
(CNFs) have always been used as electrodes in supercapacitors,
secondary batteries, low-temperature fuel cells, and sensors.21,22

Recent studies even show that CNFs are able to promote the
kinetics of electron transfer reaction, minimize electrode surface
fouling and enhance electrocatalytic activity.23 With the rapid
development of electrospinning technique, it provides a
straightforward and cost-effective way to produce fibers at the
nanoscale.24−27 Thus, ultrafine and continuous CNFs can be
obtained from carbonization of electrospun PAN nano-
fibers.28−30 The as-prepared self-standing nanofibrous CNF
membrane possesses superhigh surface area, which could serve
as perfect substrate or carrier for impurity doping. Huang et al.
has fabricated Pd-loaded CNFs through electrospinning and
subsequent thermal treatment.31 The Pd/CNF-modified
carbon paste electrode showed good performance in the
simultaneous determination of DA.
In the present study, a polymer blend of PAN and PVP in

DMF was first electrospun, which was then extracted with
water to remove PVP component to obtain porous PAN
(pPAN) nanofibers. The pPAN nanofibers finally underwent
heat treatment to produce nanoporous CNFs (pCNFs).
Factors influencing the porous structures of pPAN and
pCNFs were also discussed. Subsequently, Ag−Pt bimetallic
nanoparticles (Ag−Pt NPs) were immobilized on pCNFs via

versatile seed-growth reduction of H2PtCl6·6H2O and AgNO3
with NaBH4 as a reducing agent. The electrochemical activity of
Ag−Pt/pCNF-modified GCE was investigated and its selective
detection toward DA was performed in the ternary mixture of
DA, UA, and AA.

■ EXPERIMENTAL SECTION
Materials. Polyacrylonitrile (PAN, Mw = 150 000 g mol−1) and

polyvinylpyrrolidone (PVP, Mw = 1 300 000 g mol−1) were purchased
from Sigma−Aldrich. AgNO3, N,N-dimethylformamide (DMF),
ethanol, ascorbic acid (AA) and uric acid (UA) were supplied by
Shanghai Chemical Reagent Company. H2PtCl6·6H2O and NaBH4
were commercially obtained from Sinopharm Chemical Reagent Co.
Ltd. 0.2 M phosphate buffer solution (PBS) (pH 7.0) was prepared
using Na2HPO4 and NaH2PO4. All aqueous solutions were prepared
with doubly distilled water.

Preparation of pCNFs. The bicomponent PAN/PVP nanofibers
were first produced through a facile single-nozzle electrospinning.32

Briefly, precursor solution with specific weight ratio of PAN/PVP was
prepared by dissolving PAN and PVP in DMF under magnetic stirring
over 10 h. The freshly obtained homogeneous polymer solution was
sucked into a syringe with a needle having an inner diameter of 0.5
mm. A vertically positioned grounded aluminum board was used as the
collector with the distance between the nozzle and the collector set at
15 cm. The operating voltage and feeding speed used here were 21 kV
and 2 mm/min, respectively. Generated PAN/PVP fibrous membrane
was then vacuum-dried for 24 h before further treatment.

Electrospun PAN/PVP hybrid fibers were then transferred into a 40
mL Teflon stainless-steel autoclave with deionized water (membrane:-
water = 90:40 mg/mL) and hydrothermally treated under 110 °C for
48 h to selectively remove PVP. The extracted hybrid fibers were
washed with water, dehydrated by suction, and then vacuum-dried to
obtain nanoporous PAN fibers.

The preoxidation and carbonization of porous PAN fibers were
performed in an electric heat-treating furnace. First, the dried pPAN
nanofibers were preoxidized in an air atmosphere under 200−250 °C
for 1 h with a heating rate of 1 °C/min. Then, samples were heated up
to 500−700 °C at a rate of 5 °C/min and carbonized for 2 h under N2
atmosphere. The as-obtained porous CNFs were kept in a desiccator.

Decoration of Ag−Pt Bimetallic Nanoparticles. The immobi-
lization of Ag−Pt bimetallic nanoparticles onto pCNFs was conducted
by a versatile seed-growth reduction, as shown in Scheme 1. In a
typical process, a piece of self-standing pCNF membrane (22.2 mg)

Scheme 1. Schematic Illustration of the Preparation of Ag−Pt/pCNFs
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was immersed into a AgNO3 aqueous solution (10 mM, 20 mL) for 3
h to allow the interaction between Ag+ ions and pCNF surface. pCNF
membrane was then withdrawn from the Ag+ solution and dropwise
added freshly prepared NaBH4 solution (100 mM, 10 mL) to reduce
Ag+ for 30 min until there was no gas releasing. The as-obtained Ag/
pCNFs membrane was rinsed for 3 times with water, followed by
drying at 50 °C. Then, the self-standing Ag/pCNF membrane was
dipped into a H2PtCl6·6H2O aqueous solution (4 mM, 20 mL) for 1 h
to allow the partial replacement of Ag with Pt, which was then rinsed
for 3 times with water and dried at 50 °C. Ag−Pt/pCNFs were
synthesized from varied Ag+ concentrations, wherein c(AgNO3):
c(H2PtCl6) was kept at 5:2. For comparison, Pt/pCNFs with the same
Pt content as Ag−Pt/pCNFs were also synthesized using the above
method.
Preparation of Ag−Pt/pCNFs Modified GCE. Before the surface

modification, GCE was polished with 1.0, 0.3, and 0.05 μm alumina
slurries sequentially, and then ultrasonicated in a mixed solution of
deionized water and ethanol (weight ratio = 1:1) for 15 min.
Afterward, the electrode was left to dry at room temperature in a
desiccator. The Ag−Pt/pCNF membrane was ground to powder
before use. For all electrochemical tests, Ag−Pt/pCNF composite
modified electrode (denoted as Ag−Pt/pCNFs/GCE) was prepared
by 5 μL of 1 mg/mL Ag−Pt/pCNFs powder suspension dropped on
the surface of the pretreated GCE and left to dry at room temperature.
A similar procedure was applied to prepare the Ag/pCNF-modified
electrode (Ag/pCNFs/GCE) and Pt/pCNFs modified electrode (Pt/
pCNFs/GCE) for comparison.
Characterization and Electrochemical Measurements. The

morphology of samples was investigated using field-emission scanning
electron microscope (FESEM, Zeiss) at an acceleration voltage of 5
kV. All samples were coated with a thin layer of gold prior to FESEM
observations. TEM observations were performed under an acceleration
voltage of 200 kV with a JEOL JEM2100 TEM coupled with an
energy-dispersive X-ray (EDX) detector. X-ray diffraction (XRD)
experiments were conducted at 2θ = 10−80° on an X’Pert Pro X-ray
diffractometer with CuKα radiation (λ = 0.1542 nm) under a voltage
of 40 kV and a current of 40 mA. All electrochemical measurements
were performed using a CHI 660D electrochemical workstation
(Shanghai Chenhua Instrument Co., China). A conventional three-
electrode system was used, which consists of a modified electrode as
the working electrode, a platinum wire as the auxiliary electrode, and
an Ag/AgCl (3 M KCl) electrode as the reference electrode. All
working solutions were purged with nitrogen for 30 min before
measurements. All the electrochemical measurements were performed
at room temperature.

■ RESULTS AND DISCUSSION

Morphology and Structure of Ag−Pt/pCNFs. For the
preparation of PAN/PVP hybrid nanofibers, two different
compositions of electrospun precursor solutions are inves-
tigated, i.e., PAN/PVP/DMF = 6/6/10 and 6/12/10 (g/g/
mL). The morphology of electrospun PAN/PVP nanofibers
before and after water extraction was characterized by FESEM.
As shown in images a and b in Figure 1, nanofibers with
different precursor composition are nearly identical in
morphology, with smooth and uniform PAN/PVP nanofibers
in random orientation exhibiting a mean diameter of about 370
nm. After selective removal of PVP from the hybrid fibers by
water treatment, the surface morphology of PAN undergoes
tremendous change. As shown in images c and d in Figure 1,
distinct porous structures can be observed with the nanopores
densely distributed throughout the fibers. It is worth noting
that the porous ultrafine PAN nanofibers obtained from water
extraction still maintain a continuous and uniform fiber
structure. Moreover, the pore size and density are largely
enhanced after increasing the PVP content in the hybrid
nanofibers. It can be speculated that the formation of the dense

pores on PAN is totally originated from the phase separation of
PVP domains during water treatment.
The heat treatment of porous PAN fibers involves two

processes of preoxidation and carbonization.33 During the
preoxidation in air at 200−250 °C, PAN undergoes cyclization
and partial dehydrogenation which makes it denser and more
stable to retain its fibrous structure during subsequent high
temperature carbonization. During the carbonization stage at a
higher temperature, polymers begin to pyrolyze and a
considerable amount of volatile byproducts are released. In
our current study, different temperatures in both heat treatment
stages are discussed. Figure 2 shows the SEM images of
preoxidized and carbonized nanofibers treated at different
temperatures. As can be seen (Figure 2a−c), compared to the
untreated PAN fibers, different oxidation temperatures lead to
the pretty same surface morphology with substantial pores and
holes on the fiber surface, although the porous structures are
deteriorated to some extent. The above oxidized nanofibers are
then carbonized at 500 °C, with Figure 2d-2f displaying a very
interesting contrast that only the fibers oxidized at 250 °C
retain their porous structures while those of the other two
oxidized at 200 and 220 °C are completely lost. It can be seen
that the surface of fibers oxidized at 200 and 220 °C is quite
smooth, with most of the fibers fusing with each other. This is
because cyclization and dehydrogenation reaction in the
preoxidation process cannot be performed under the relatively
lower temperature, which makes the fibers less stable during the
high temperature stage. Moreover, fibers preoxidized at 250 °C
are also carbonized at three different temperatures. Differences
can be observed from Figure 2g−i that fiber diameters
significantly decrease compared with that of fibers before heat
treatment, which might be caused by the heat-induced
contraction. In addition, pore structures of fibers carbonized
at 700 °C are superior to those of fibers treated at 500 and 600
°C. As clearly shown in Figure 2j, nanosized pores are not only
distributed along the fiber surface, they also exist inside the
fibers (as marked by red circles). It is obvious that fibers with

Figure 1. FESEM images of (a, b) electrospun PAN/PVP nanofibers
with different compositions and (c, d) corresponding porous PAN
nanofibers after water treatment: (a, c) PAN/PVP/DMF = 6/6/10 (g/
g/mL); (b, d) PAN/PVP/DMF = 6/12/10 (g/g/mL). Scale bar: 400
nm.
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more porous structures hold relatively larger specific surface
area, making them more suitable as electro-catalyst materials.
In the synthesis of Ag−Pt/pCNFs, Ag nanoparticles were

prior decorated on pCNFs to serve as seeds for the subsequent
Pt replacement. Therefore, immobilization of the Ag seeds was
carefully tuned by varying the Ag+ concentration in order to
obtain an optimized distribution of bimetallic nanoparticles.
The ratio of c(AgNO3): c(H2PtCl6) and Pt replacement time
were respectively kept at 5:2 and 1 h, according to a procedure
reported in the literature but with some modifications.34 The
replacement mechanism can be described in the following
equation

+ → + + +

→ + +

− + − −

−

2Ag PtCl 2Ag Pt 4Cl or 2Ag PtCl

2AgCl Pt 2Cl
4

2
4

2

As displayed in Figure 3, it is clear that the composite fibers still
retain nanoporous surface, similar to fibers before treatment.
Compared to pCNFs treated in lower Ag+ concentrations,
those treated in 10 mM result in a denser and uniform Ag NP
loading, whereas the distributions in images a and b in Figure 3
are obviously sparser. It is notable that there exists a small
amount of larger Ag particles on the pCNFs (Figure 3c), which
might be caused by the local aggregation during the addition of
NaBH4. When further increasing the Ag+ concentration,
agglomerated Ag NPs with various sizes are observed on the
pCNFs (Figure 3d), which will block the interaction between
analytes and pCNF surfaces. As a result, Ag/pCNFs
synthesized from 10 mM Ag+ were used as template for

further loading of Pt nanoparticles. From the TEM images in
Figure 4, we can see that the rough surfaces of CNFs are

uniformly covered by Ag−Pt bimetallic nanoparticles with an
average size of 6 nm. The corresponding elemental mapping
further confirms the existence of the hybrid nanoparticles. The
lattice fringes (inset of Figure 4) with interplanar spacing of
0.23 nm correspond to the mean value of the (111) planes of
the face-centered cubic (fcc) Ag and Pt, indicating that (111) is
the main exposed facet, and Ag−Pt can be initially identified as
a metal alloy of Ag and Pt atoms.35

The composition and crystal structure of Ag−Pt/pCNF
composite nanofibers were characterized by XRD (Figure 5).

Figure 2. FESEM images of porous PAN nanofibers treated at varied
temperatures in (a−f) preoxidation and (g−i) carbonization processes.
Cross-sectional image of PAN nanofibers carbonized at 700 °C (j).
Scale bar: 400 nm.

Figure 3. (a−d) FESEM images of Ag/pCNFs synthesized from
AgNO3 solution at varied concentrations. Scale bar: 400 nm.

Figure 4. TEM images of Ag−Pt/pCNFs and the corresponding
elemental mappings. Inset: high-resolution TEM of Ag−Pt bimetallic
nanoparticle.
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The peak located at about 2θ = 25.0° in all of the XRD patterns
is associated with the amorphous structure of pCNFs. The
diffractions of Ag/pCNFs match well with the characteristic
peaks of Ag (i.e., 2θ = 38.1, 44.2, and 64.4°) (PDF card 87−
0597). In the curve of Pt/pCNFs, the three peaks at 2θ values
of 39.8, 46.2, and 67.4° are characteristic peaks of the face-
centered cubic (fcc) crystalline alloys of Pt (PDF card 04−
0802), corresponding to the planes of (111), (200), and (220),
respectively. In contrast, the Ag signals in the diffraction of Ag−
Pt/pCNFs completely vanishes, which indicates that the Ag
surface in Ag−Pt is mostly wrapped by Pt.
Electrochemical Determination of DA. To evaluate the

electrochemical behavior of different electrodes on the
oxidation of DA, we constructed enzymeless DA sensors by
direct deposition of the aqueous dispersion of different pCNFs
on bare GCE surfaces. Figure 6 shows cyclic voltammetric
responses of 0.1 mM DA in 0.1 M PBS (pH 7) on different
pCNFs modified GCE. No obvious redox peaks can be
observed on Ag−Pt/pCNFs/GCE in blank PBS from the inset

of Figure 6, indicating that Ag−Pt/pCNFs/GCE is stable in the
selected potential region without any redox reaction. In DA
solution, a pair of redox peaks appears on the modified GCE
with the increase in the voltammetric responses, which is due to
the modification of electrocatalytic decorated pCNFs. The
results indicate that the electro-oxidation of DA occurred and
was accelerated by the step-by-step modification of GCE. From
the CV curves, we can see DA exhibits noticeable electro-
chemical response on pCNFs/GCE, which is contributed to the
presence of nanoporous, large surface area and conductive
pCNFs. With Ag/pCNFs on GCE, the DA voltammetric
response increases somewhat due to the catalytic Ag loading.
Moreover, Pt/pCNFs/GCE further improves the anodic peak
current of DA compared to Ag/pCNFs/GCE, which is ascribed
to the high catalytic property of Pt. In the case of Ag−Pt/
pCNFs/GCE, a well-defined oxidation peak of DA is observed
at about 0.196 V vs Ag/AgCl, exhibiting the largest redox peak
currents than the other modified GCE. Compared with their
corresponding monometallic nanoparticles, the superior
electrocatalytic performance of Ag−Pt bimetallic nanoparticles
is caused by the modification of electronic properties and
synergistic effect at the interface of Ag−Pt binary structure.36

The above results suggest that Ag−Pt/pCNF nanocomposite
on the GCE has greatly improved the electrocatalytic ability
toward DA oxidation.
To better understand the electrochemical mechanism of DA

on Ag−Pt/pCNFs/GCE, electrochemical parameters of DA on
the modified electrode are further investigated. The effect of
different scan rates on the cyclic voltammetric response of 0.1
M DA on Ag−Pt/pCNFs/GCE is shown in Figure 7. With the

increase of scan rate from 20 mV/s to 350 mV/s, the redox
peak current increases gradually with a pair of symmetric redox
peaks appeared. The inset of Figure 7 presents the calibration
curve of the response peak current to the square root of
different scan rates. The linear response range is obtained from
20 to 350 mV/s and the linear regression equation is I (μA) =
−0.0402υ1/2 (mV/s)1/2 − 0.4416 (R2 = 0.997), where I and υ
represent peak current and scan rate, respectively. This
manifests that the redox process of DA at Ag−Pt/pCNFs/
GCE is a diffusion-controlled process.

Figure 5. XRD patterns of pCNFs.

Figure 6. CV curves of modified GCE in the presence of 0.1 mM DA
in pH 7.0, 0.1 M N2 saturated PBS. Scan rate: 50 mV/s. Inset: CV
curve of Ag−Pt/pCNFs/GCE in blank PBS.

Figure 7. CV curves of 0.1 mM DA on Ag−Pt/pCNFs/GCE with
different scan rates (20, 40, 60, 80, 100, 140, 180, 220, 260, 300, 350
mV/s) in pH 7.0, 0.1 M N2 saturated PBS. Inset: linear relationship of
the anodic peak current with the square root of the scan rate.
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Figure 8 displays the typical differential pulse voltammetry
(DPV) curves corresponding to the electrocatalytic oxidation of

DA at Ag−Pt/pCNFs/GCE in N2 saturated PBS at the scan
rate of 50 mV/s. As shown in Figure 8, upon increasing the
concentration of DA in PBS, the oxidation peak current exhibits
remarkable enhancement, which suggests that Ag−Pt/pCNFs/
GCE could be applied to the quantitative determination of DA.
The anodic peak current (Ipa) of DA has a good linear
relationship with DA concentration in the range from 10 to 500
μM (inset of Figure 8). The linear regression equation is I (μA)
= 0.158c (μM) + 9.341 (R2 = 0.9989), where I and c represent
anodic peak current and DA concentration, respectively. The
limit of detection is found to be 0.11 μM (S/N = 3), which is
better than some previous reports (shown in Table 1). It is
evident that this Ag−Pt/pCNFs/GCE has excellent electro-
chemical activity and can be a promising sensor for DA
determination.
UA and AA always exist in biological environment along with

DA, so the simultaneous determination of DA in the presence
of UA and AA is significantly important. The influence of UA
and AA on the determination of 0.1 mM DA was conducted by

adding one or two of them in the DA buffer solution and
measuring the electrochemical responses by DPV, as shown in
Figure 9. From the results we can see upon the addition of UA

or AA, well-defined two oxidation peaks can be observed,
indicating that UA or AA alone cannot influence the sensitive
detection of DA. When both of them are involved for the
electrochemical detection of DA, still no interference is
observed for the excess addition of UA and AA, which reveals
that this Ag−Pt/pCNFs/GCE has excellent selectivity to DA
determination.
The stability of the Ag−Pt/pCNF nanocomposite-modified

GCE was investigated by measuring the current response to 0.1
mM DA for 300 cycles in PBS. As shown in Figure 10, the
response current of Ag−Pt/pCNFs/GCE to DA almost
maintains 80% of the initial value after 300 rounds of cyclic
scanning, indicating good stability.

■ CONCLUSION
A novel DA sensor has been fabricated by template
carbonization of water-extracted electrospun PAN nanofibers,
followed by seed-growth reduction to realize the immobiliza-

Figure 8. DPV curves of different concentrations of DA (10, 30, 50,
100, 250, 500 μM) on Ag−Pt/pCNFs/GCE in 0.1 M N2 saturated
PBS. Inset is the linear relationship between the peak current and DA
concentration.

Table 1. Comparison of Some Characteristics of Different
Novel Metal-Based Electrodes for the Determination of DA

electrode electrolyte
detection limit

(μM)
linear range

(μM) refs

RGO/Pd-NPs/
GCE

pH 7 0.233 1−150 37

Au-NPs/PANI/
GCE

pH 4 0.8 3−115 38

Pd/CNF/CPEa pH 7 0.2 0.5−160 31
Au/PE/PS/BDDb pH 7.2 0.8 5−100 39
PANI/Au/
nanoelectrode

pH 6.8 0.1 0.3−200 40

Ag−Pt/pCNFs/
GCE

pH 7 0.11 10−500 this
work

aCarbon paste electrode. bGold nanoparticles and polyelectrolyte
(PE) on polystyrene (PS)-modified boron-doped diamond (BDD)
electrode.

Figure 9. DPV curves of 0.1 mM DA and/or other interference (0.2
mM UA and/or 0.4 mM AA) on Ag−Pt/pCNFs/GCE.

Figure 10. Stability tests of Ag−Pt/pCNFs/GCE in the presence of
0.1 mM DA in pH 7.0, 0.1 M N2 saturated PBS. Scan rate: 50 mV/s.
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tion of Ag−Pt bimetallic nanoparticles. Thus, the prepared Ag−
Pt/pCNFs were utilized for modification of GCE to selectively
detect DA in the presence of UA and AA. In this work,
parameters influencing the porous structure of CNFs and
distribution of Ag−Pt nanoparticles are carefully investigated.
Compared with their corresponding monometallic nano-
particles, Ag−Pt/pCNFs decorated GCE exhibit superior
electrocatalytic performance due to the synergistic effect at
the interface of Ag−Pt binary structure. The proposed Ag−Pt/
pCNFs/GCE shows advantages including high sensitivity, wide
linear range of 10−500 μM, low detection limit of 0.11 μM (S/
N = 3), and excellent selectivity under the interference of UA
and AA. These characteristics suggest that electrospun
nanoporous CNFs are an excellent substrate for the Ag−Pt
NPs loading with high electrocatalytic activity toward DA.
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