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Abstract In the present study, a composite material
consisting of polypyrrole nanowires (PPyNWs) and platinum
nanoparticles (PtNPs) has been developed by an all-
electrochemical approach and proved to be highly effective
for electrochemical determination of dopamine (DA).
PPyNWs are electropolymerized by a template-free method,
and PtNPs are subsequently electrodeposited by cyclic volt-
ammetry. Chemical characterization by X-ray photoelectron
spectroscopy showed the effective PtNP immobilization on
polymer nanowires discriminating at the same time Pt species
deposited and revealing the occurrence of polypyrrole-PtNP
interaction. The morphology of the composite material was
characterized using scanning electron microscopy that
showed spherical Pt nanoparticles well distributed within
PPy-NW network. DA detection was performed by dif-
ferential pulse voltammetry technique obtaining satisfac-
tory performances in terms of linear range (1–77 μM),
sensitivity, reproducibility (RSD 2.7%), and detection
limit (0.6 μM). The electrocatalytic role of PtNPs in DA
electroxidation process is clearly demonstrated by the com-
parisonwith PPyNWs only.Moreover, no significant response
is observed in the presence of common interference as

ascorbic acid and uric acid, which may coexist with DA in
biological fluids, demonstrating a good selectivity towardDA.
Moreover, DA was detected in human serum samples spiked
obtaining a satisfactory recovery of 94%. A synergistic effect
involving both PtNPs and PPyNWs is invoked for explaining
the observed electrocatalytic activity.

Introduction

Dopamine (DA), one of the most significant neurotransmitters
in the central nervous system, plays an important role in sev-
eral aspects of brain circuitry, neuronal plasticity, and control
of stress responses. Low levels of DA are implicated as a
major cause of neurological diseases, such as schizophrenia
and Parkinson’s disease. It is therefore important to develop
methods that enable effective quantification of DA. Since DA
is an electrochemically active compound, many examples of
electrochemical sensors have been reported in literature for its
detection [1], also due to inherent advantages of electrochem-
ical methods, such as low cost, rapid response, sensitivity, and
easy miniaturization. In particular, efforts have been oriented
through the development of selective electrode coatings to
remove DA interferences rejecting other electroactive com-
pounds that usually coexist at high concentrations. One of
the strongest DA interferences is ascorbic acid (AA) whose
redox potential is very close to that of DA at physiological pH.
Moreover, AA in vivo concentration can be 3–4 orders of
magnitude higher than the concentration of DA [2]. That is
why a widely used approach for DA electrochemical detection
consists in the use of chemically modified electrodes by
employing materials able to selectively interact with DA
rejecting other electroactive compounds [3–6]. Among these,
permselective membranes have become a fascinating ap-
proach for DA select ive recogni t ion. Being DA
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(pKa = 8.92), a cation at physiological pH, while AA
(pKa = 4.10) is an anion [7], a film presenting a cationic
permselectivity can thus interact with DA and act as a barrier
to hinder the diffusion of anions. During the last years, a large
variety of polymeric film has been proposed to this aim, in-
cluding poly(o-phenylendiamine) [8], poly(hippuric acid) [9],
poly(4-amino-1,1′-azobenzene-3,4′-disulfonic acid) [10],
po ly(3 ,4-e thylendioxyth iophene-co- (5-amino-2-
naphthalenesulfonic acid) [11], and Nafion/CdSe/polyaniline
[12]. In other cases, polymer-modified electrodes revealed to
be able to detect simultaneously DA, AA, and other anionic
interferences due to the achieved separation between their
redox potentials [13–15]. In this context, a widely used poly-
meric material is polypyrrole (PPy), particularly in its
overoxid ized s ta te , possess ing exce l len t ca t ion
permselectivity due to negatively charged functionalities ac-
quired during the overoxidation process. Nonetheless, also
doped PPy has been demonstrated to selectively detect DA
allowing obtaining well-separated peaks for the analyte and
for its interferences [16]. While the use of PPy is a well-
consolidated approach in this field, a more recent research
trend is focused on PPy nanostructuring and on its sensing
applications, with the aim of exploiting advantages related to
transition from the bulk scale to the nanoscale, mainly
consisting in combining PPy properties, such as cation
permselectivity, high electronic conductivity, good stability
in aqueous solutions, and biocompatibility with ones of
nanomaterials, such as large surface area, size, and quantum
effect [17–19]. Several examples of PPy nanostructures have
been developed and successfully applied in DA electrochem-
ical detection [20, 21].

In most cases, the assembly of composite materials inte-
grating polymer nanostructures and metal nanoparticles (NPs)
has been demonstrated to determine a further improvement of
sensor performances due to the additional generated electro-
catalytic sites between NPs dispersed into the polymer and the
skeleton of PPy [22, 23]. Such improvement derives also from
the high dispersion of metal nanoparticles promoted by
polymer nanostructure, which in turn determines en-
hanced metal electrocatalytic activity. These aspects give
an idea of the crucial role played by PPy nanostructure
as well as by experimental conditions used for metal
deposition, which should determine homogeneous depo-
sition of highly dispersed metal NPs, thus allowing their
high metal catalytic activity to be fully achieved.

In the present work, a novel electrochemical sensor for DA
is proposed based on an all-electrochemical, easy, rapid, and
low-cost approach for the integration of PPy nanowires
(PPyNWs) with platinum nanoparticles (PtNPs). Although
several reports explored the development of composite system
nanosized PPy/metal NPs for electrocatalytic applications
[24–29], to the best of our knowledge, the integration of PPy
nanowires with PtNPs as a catalytic system for the

electroxidation of DAwas not reported before. Only recently,
Ghadimi et al. [30] developed an electrochemical sensor for
DA, based on the integration of PPy nanosheet with Pt nano-
particles. The authors adopted a chemical synthesis of PPy
nanosheet followed by Pt deposition by chemical reduction
process and subsequent drop casting of the mixture on the
electrode surface, resulting in a time-consuming (more than
48 h) multistep temperature-controlled process. In the present
work, an all-electrochemical approach is used for the assem-
bly of composite material allowing the simple and rapid de-
position of both PPy nanowires and PtNPs directly on the
electrode surface with good adherence and high homogeneity.

Moreover, PPyNWs are electrochemically synthesized by
using a simple templateless approach [31] which, contrarily to
template-assisted electrochemical techniques, has the signifi-
cant advantages of not requiring any hard or soft templating
structures, thus providing a higher degree of flexibility in de-
fining morphology at nanoscale, along with a time reduction,
being eliminated template functionalization and removal
steps, before and after electropolymerization, respectively.
Additionally, the proposed template-free approach is very
simple, rapid, and green requiring the use of only aqueous
solutions. A polymeric nanostructured matrix with highly ac-
cessible surface area is thus achieved which favors deposition
of highly dispersed metal nanoparticles. PtNPs, selected for
their reported ability of accelerate redox kinetics on electrode
surface [32], are synthesized by electrochemical deposition
which provides a good control of growth process as the driv-
ing force for metal formation (i.e., the electrode potential) can
be controlled more precisely and on a much shorter timescale
than in alternative processes such as chemical reduction. In
particular, PtNPs are electrochemically deposited on PPyNWs
by cyclic voltammetry, which enables the deposited Pt parti-
cles to be activated periodically and improves their dispersion
[33]. Moreover, cyclic voltammetry (CV) deposition gives the
possibility of (real-time) monitoring platinum deposition
process allowing also to identify and tune experimental pa-
rameters possibly influencing it (i.e., scan rate, cycle number,
potential window).

An addi t ional advantage of the proposed al l -
electrochemical approach thus relies in the possibility of ef-
fectively combining the effect of cyclic potential with that of
polymeric nanowire network in promoting PtNP dispersion,
resulting in a composite matrix with nanoparticles embedded
within and firmly anchored, as shown by morphological char-
acterization by scanning electron microscopy (SEM).
Chemical investigation by X-ray photoelectron spectroscopy
(XPS) evidenced not only the successful platinum deposition,
but also providing useful information about its oxidation state,
but, interestingly, it allowed us to postulate a possible involve-
ment of pyrrole nitrogen in the platinum deposition process.
The as-developed PPyNW/PtNP system was successfully ap-
plied to DA detection, revealing its ability to selectively detect
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DA in presence of interfering molecules with satisfactory per-
formances, also in real sample analysis. The key electrocata-
lytic role of PtNPs in DA electroxidation process is clearly
demonstrated by the comparison with PPyNWs only.
Starting from the description of DA electroxidation pathway,
a possible mechanism for explaining the electrocatalytic role
of PtNPs is proposed in a synergistic effect involving also the
contribution of polymeric nanowire matrix.

Experimental

Pyrrole and all other reagents were purchased from Sigma and
used as received. Ultrapure water (Millipore Milli-Q,
18.2 MΩ/cm) was used.

Electrochemical experiments were carried out with a CHI
660D Potentiostat (CH Instruments) controlled by a computer.
A one-compartment three-electrode cell was used, consisting
of a glassy carbon disc (diameter 3 mm), a platinum wire, and
a saturated calomel electrode (SCE) as working, counter, and
reference electrodes, respectively.

PPyNW electropolymerization was performed from a
solution of pyrrole 0.1 M in K2HPO4 0.2 M solution
(pH adjusted to 6.8 by adding NaOH) containing LiClO4

0.07 M by applying a constant potential of 0.85 V (vs SCE)
until a charge of 0.43 C/cm2 was circulated. PPyNWs were
then cycled for 10 cycles from −0.25 to 1.2 V in H2SO4 0.5M,
scan rate 50 mV/s. Pt deposition was carried out by CV from
0.4 to −0.25 V for 20 cycles in H2SO4 0.5 M containing
H2PtCl6 10 mM, scan rate 10 mV/s.

DA electrochemical detection was performed by differen-
tial pulse voltammetry (DPV) between −0.1 and 0.4 V with a
step potential of 2 mV, a modulation amplitude of 50 mV, and
a scan rate of 10 mV/s, in phosphate buffer solution (PBS)
0.1 M, pH 7.0. Selectivity studies were carried out by DPV
analysis of DA 120 μM in presence of ascorbic acid (AA)
750 μM, and uric acid (UA) 750 μM. DAwas detected under
the same experimental conditions in spiked samples of human
serum, after 30 times dilution with PBS buffer.

The morphology of PPyNW samples and composite sys-
tem PPyNWs/PtNPs was investigated by scanning electron
microscopy (SEM, Carl Zeiss Merlin) with an accelerating
voltage of 5 kV. SEM images were acquired through an in-
lens detector for secondary electrons in top-view configura-
tion. Image analysis has been performed by using the ImageJ
1.49v (National Institutes of Health, USA) software in order to
evaluate the diameter of the PPy nanowires and Pt
nanoparticles.

XPSmeasurements were performed using an Axis ULTRA
DLD spectrometer (Kratos Analytical, UK) with a monochro-
matic Al Kα source operating at 225 W (15 kV, 15 mA). For
each sample, a wide-scan spectrum is acquired in the binding
energy range 0–1200 eV with a pass energy of 160 and 1 eV

step, while high-resolution regions were acquired with a pass
energy of 20 and 0.1 eV step. In both cases, the area of anal-
ysis is about 700 × 300 μm2. The base pressure in the instru-
ment was 1 × 10−9 mbar. Data analysis was performed by the
CasaXPS software (version 2.3.16). Surface charging was
corrected considering adventitious C 1s (binding energies
(BE) = 285 eV).

Results and discussion

PtNP deposition by cyclic voltammetry

Figure 1 reports voltammetric curves recorded during PtNP
electrochemical deposition on PPy nanowires (20 cycles). It
can be clearly observed the presence of a pair of current peaks
between −0.2 and 0.0 V, which are due to hydrogen adsorption
and desorption processes at Pt particles [34]. The appearance
of such redox peaks since the fourth cycle suggests that the Pt
deposition process is rapidly initiated with cyclic potential.
They are more and more pronounced with the increasing of
cycle number evidencing that, as expected, the platinum load-
ing can be controlled with increasing deposition time/cycle
numbers. Redox current increase can be still observed during
the last cycles, although to a lower extent, suggesting the
possibility of further increasing platinum loading after 20
scans, in these experimental conditions. Nonetheless, as it will
be discussed later (see BDA detection by DPV. Selectivity
test^ section), this does not imply an improvement of catalytic
properties of the resulting composite system probably due to
particle aggregation phenomena. It is interesting to highlight
that the electrochemical behavior of PtNP described by CV in
Fig. 1 is similar to that of Pt particles on metal and carbona-
ceous supports confirming that, as previously reported [31],
PPy nanowires grown under the adopted electrochemical con-
ditions possess high electronic conductivity and good charge
transport properties allowing the effective Pt deposition to be
easily achieved.

Fig. 1 Cyclic voltammetry in H2SO4 0.5 M for the electrodeposition of
PtNPs on PPyNWs. H2PtCl6 10 mM, scan rate 10 mV/s, and 20 cycles
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Morphological characterization of PPyNWs/PtNPs

SEM images of bare PPy nanowires and of the PPyNW/PtNP
composite system are shown in Fig. 2. As clearly evidenced in
Fig. 2a, b, the adopted templateless approach leads to the
formation of a high-density PPyNW network with a narrow
nanowire diameter distribution of 60 ± 10 nm and a highly
homogeneous coverage of the electrode surface. The high
aspect ratio of polymer nanowires contributes to create a
high-surface-area tridimensional Bopen^ structure, particular-
ly suitable for nanoparticle deposition/dispersion. On the other
hand, the PPyNW/PtNP composite system exhibits a major
change in the morphology. Indeed, Fig. 2d shows almost
spherical platinum cluster and nanoparticles with diameters
ranging from 500 to 40 nm, chiefly located on nanowire
tips/turns. At a higher magnification (Fig. 2c), the smaller
nanoparticles (diameter range 65 ± 20 nm) are better visible
to form an intimately connected structure with the underlying
nanowire network in the region closer to the electrode surface.
The cluster with higher diameter (in the range 350 ± 100 nm)
instead protrudes in the upper region toward the interface with
the solution. This distribution could suggest that during the
first scans, platinum deposition starts in positions where the

local charge amount is higher (such as nanowire tips/turns). In
successive scans, such a local charge accumulation could be
gradually attenuated from platinum deposition, making the
entire nanowire surface equally suitable for particle deposi-
tion. Alternatively, platinum reduction could just occur faster
in the regions with higher charge density bringing to a major
growth there. In both cases, this would result in a further
diameter increase for firstly deposited or faster-growing parti-
cles, which merge originating clusters up to 500 nm, in addi-
tion to the smaller nanoparticles. Increasing the number of
scans (from 20 to 100 scans, results not shown), further plat-
inum deposition determines the formation of larger deposits
resulting in a bulk platinum structure covering the underlying
nanowire/nanoparticle network.

XPS characterization of PPyNWs/PtNPs

XPS was employed to analyze the chemical composition and
status of the composite system PPyNWs/PtNPs. Figure 3 pre-
sents detailed spectrum recorded in Pt 4f region and clearly
shows two main peaks at 71.4 and 74.7 eV, corresponding to
Pt 4f7/2 and 4f5/2, respectively. In detail, composite system
appears to be characterized by three chemically different Pt
species, corresponding to metallic Pt(0) with BE of 71.4 and
74.7 eV, oxide Pt(II) with BE of 72.2 and 75.4 eV, and oxide
Pt(IV) with BE of 73.4 and 76.4 eV, respectively. The an-
chored Pt species are predominantly in the metallic state.
The presence of a small amount of oxidized Pt species
(Pt(II) and Pt(IV)) with the peak area of about 35% may be
ascribed to the incomplete reduction of the Pt species. For a
comparison, XPS analysis on PPyNWs alone was also per-
formed. An interesting feature emerging from the comparison

Fig. 2 SEM top-view images of PPyNWs (a, b) and of the composite
system PPyNWs/PtNPs (c, d)
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Fig. 3 Pt 4f high-resolution XPS spectrum on PPyNWs/PtNPs with
curve fitting results. Spectra are charging corrected
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of two samples can be drawn from N 1s signal, reported
in Fig. 4 for PPyNWs (Fig. 4a) and for PPyNWs/PtNPs
(Fig. 4b). In PPyNW sample, four components can be
identified located at 398.35, 400.23, 401.73, and 402.66 eV
and assigned, respectively, to C=N, pyrrole –NH–, C–N+, and
C=N+, which are typical features of PPy film [35]. After PtNP
deposition, an evident decrease of N 1s signal intensity occurs
(Fig. 4b), ascribable to PtNP deposition on nanowire matrix,
partially covering it. Although the same four components can
be identified, located at 398.78, 400.1, 401.62, and 402.48 eV,
a remarkable variation of N 1s spectrum is observed, mainly
consisting in the attenuation of pyrrole –NH– component,
with subsequent modification of percentage area of other com-
ponents. This could be tentatively explained hypothesizing
that PtNPs preferentially interact with pyrrolic nitrogen: NH
moieties in the polymer structure could act as localized
chemically active sites for the enhanced anchoring of
metal nanoparticles [36]. Interaction between pyrrole
and PtNPs is reported [37] to be likely that of zerovalent
platinum with conjugated dienes, with the addition of
σ-bonding to the nitrogen atom, with the corresponding
polymer expected to form more stable bonding.

Such a result further confirms the high suitability of PPy as
polymeric matrix for PtNP deposition and its key role in the
process due to three concomitant effects, which can be sum-
marized as follows: firstly, the three-dimensional high-
surface-area structure formed by nanowire assembly promotes
nanoparticle dispersion; secondly, PPy conductive nature al-
lows the electrochemical deposition of PtNPs to be achieved
with an effect on their size/distribution; thirdly, the occurrence
of chemical interaction between PPy and PtNPs enables the

formation of stable PtNP deposition, crucial aspect for any
desired catalytic application of the composite material.

DA detection by DPV. Selectivity test

The electrocatalytic activity of PPyNW/PtNP composite sys-
tem toward DA electrochemical oxidation has been investi-
gated by DPVmeasurements. Results are reported in Fig. 5. It
is evident that the system exhibits a linear response to DA in
the concentration range 1–77 μM, as shown by the calibration
curve in Fig. 5b (diamond points)—whose equation is
ip(μA) = (0.125 ± 0.005)[DA](μM) + (3.78 ± 0.21)—with a
sensitivity of (0.125 ± 0.005) μA/μM (R = 0.994) and a LOD
value equal to 0.6 μM (S/N = 3). Moreover, a good
interelectrode reproducibility is observed (RSD 2.7%,
n = 3) evidencing the reliability of the experimental
conditions for the assembly of composite systems, thus
confirming the high relevance of the adopted all-
electrochemical approach.

From DPV curves in Fig. 5a, it is interesting to observe the
value of peak potential (about 0.15 V vs SCE), which is
significantly lower than DA oxidation potential typically
observed both on bare and on modified electrodes [22, 38],
between 0.3 and 0.4 V. This is due to the electrocatalytic effect
of PtNPs, which play a key role in enhancing DA oxidation
process resulting in oxidation current increase and in lowering
oxidation potential value, as demonstrated by the comparison
with calibration curve recorded, under the same experimental
conditions, on PPyNWs (Fig. 4b, square points). Also
PPyNWs exhibit a certain current response to DA although a
lower sensitivity (0.098 μA/μM, R = 0.997) is observed mon-
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Fig. 4 N 1s high-resolution XPS spectrum on PPyNWs (a) and on
PPyNWs/PtNPs (b) with curve fitting results. Spectra are charging
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itoring ip at 0.15 V, with a very narrow linear range (10–
40 μM). DA electroxidation process on Pt nanoparticles can
be assumed to proceed, similarly to what was reported on Pt
electrodes [39], following a four-electron process with an ECE
mechanism, which consists of three steps: Faradaic oxidation
to the quinone, ring closure and regeneration of the catechol,
and Faradaic reoxidation to the quinone. As reported in
Scheme 1, DA (I) is oxidized by a two-electron process to
the DA-o-quinone (II), which is unstable and rearranges by

cyclization to the indole, leukoaminochrome (III). This is fur-
ther oxidized by a two-electron step, with the product being a
mixture of the tautomers, aminochrome (IV), and 5,6-
dihydroxyindole (V), the proportion of V increasing with in-
creasing pH. Further, the cyclized catechol, III, is more easily
oxidized than the open-chain catechol, I, and is chemically
oxidized by the o-quinone, II, with formation of I and IV. As
in the case of Pt bulk electrodes, such a reaction mechanism
can be expected to take place on the surface of Pt
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Fig. 5 a DPV curves recorded on PPyNWs/PtNPs exposed to different DA concentrations (1–120 μM) in PBS 0.1 M pH 7.0. Step potential 2 mV,
modulation amplitude 50 mV, and scan rate 10 mV/s. b DA calibration curve on PPyNWs/PtNPs (diamond) and on PPyNWs (squares)
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Scheme 1 The ECE mechanism
for DA oxidation. E denotes the
electrochemical reactions while C
denotes the chemical reactions
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nanoparticles, taking advantage of the nanosize range deter-
mining a significant increase of the surface area exposed to the
analyte, in a situation approaching the homogeneous catalysis
case, with a subsequent increase of oxidation current.
Moreover, PtNPs could play also another role in the
electrocatalysis of DA oxidation which could occur, as in
the case of other organic compounds [40], by a mechanism
catalyzed by the anodic formation of Pt oxides (Pt(OH), PtO),
proceeding with the discharge of H2O to produce adsorbed
hydroxyl radicals by the reaction: Pt + H2O = Pt(OH) +
H+ + e−. In addition, an extensive DA adsorption is expected
to occur on reduced Pt surface [40], further promoted by Pt
high-surface nanostructure. The overall DA oxidation reaction
could thus involve the interaction between anodically gener-
ated Pt oxides and Pt-adsorbed DA in a surface-catalyzed
oxidation process following reactions described in Scheme 1
and producing Pt(0) with subsequent regeneration of Pt oxide
catalyst at the working potential.

It should be remarked that also PPyNWs play a crucial role
in such a catalytic process, with the result that the observed
electrocatalytic activity has to be ascribed to the synergistic
effect of each component of the composite material. On one
hand, as discussed above, PPy nanowires, due to their
structure/conductivity properties, promote the deposition of
nanosized and highly dispersed Pt particles, which have a
major role in catalytic process. On the other hand, polymer
matrix plays another more direct effect on the electrocatalytic
activity of the composite material due to polymer-catalyst
electronic interaction [41, 42], contributing to reduce reaction
overpotentials.

DPV experiments evidenced that the electrocatalytic per-
formances of PPyNWs/PtNPs are not improved by modifying
the cycle number in Pt deposition. Systems prepared under the
same experimental conditions but with lower (i.e., 10) and
higher (i.e., 100) cycle number exhibited a significantly lower
DPV current response to DA 120 μM, equal to, respectively,
56 and to 20% of the current response recorded on system
prepared by 20 scans. The current response obtained in the
former case could be reasonably due to the deposition of a
lower amount of Pt nanoparticles, exhibiting a less remarkable
catalytic activity. On the other hand, in the latter case, the
increase of Pt loading results in a poorer sensor response,
which could be due to the hypothesized mechanism of Pt
deposition described in the BMorphological characterization
of PPyNWs/PtNPs^ section. With the increase of scan num-
ber, Pt nanoparticles on nanowire tips could aggregate
forming larger clusters covering underlying nanowire/
nanoparticle network, thus acting as bulk Pt and nullifying
the nanosize effect. Such results show that the adopted exper-
imental conditions allow getting a trade-off between the de-
position of few rare Pt nanoparticles and larger Pt cluster,
where Pt nanoparticles, with at least two distinct size distribu-
tions, coexist and are well dispersed on/within PPy nanowires.
This morphology of the resulting composite system evidently
allows a synergistic effect to be achieved in electrocatalytic
DA oxidation.

A comparison between results obtained in DA electro-
chemical detection with the developed sensor and other re-
cently reported sensors based on composite systems integrat-
ing metal nanoparticles is listed in Table 1. The proposed

Table 1 Comparison of DA sensing performances of the developed PPyNW/PtNP systemwith other composite systems based on metal nanoparticles

Electrode material Method Linear range
(μM)

LOD
(μM)

Ref

AgNPs/PPy nanofiber Cyclic voltammetry 0.5–155 0.1 [43]

AuNPs/PPy nanotubes Square wave voltammetry 0.025–2.5 0.01 [44]

AuNPs/PPy nanoplates Amperometry 1–5.2 0.36 [45]

AuNPs/NiO/poly(pyrrole-N-propionic acid)/tyrosinase Electrochemical impedance
spectroscopy

80–200 5.46 [46]

AuNPs/polydopamine DPV 4–200 3.4 [47]

AuNPs/poly(4-thiophen-3-yl-aniline) Amperometry 3–18 3 [48]

AuNPs/reduced graphene oxide/RNA aptamer Cyclic voltammetry 0.5–20 0.13 [49]

PdNPs/Nafion/laccase Amperometry 5–167 1.26 [50]

AuNPs/TiO2 NPs/carbon nanotube – 0.3–15 0.2 [51]

PdNPs/fullerene DPV 0.35–133.35 0.056 [52]

CeO2NPs/graphene nanosheet/Nafion Electrochemical impedance
spectroscopy

10–780 1 [53]

PtNPs/PPy nanosheets DPV 0.01–400 0.0067 [30]

TiO2NPs/2,2-[1,7-hepthandiylbis(nitriloethylidyne)]-bis-hydroquinone Square wave voltammetry 1–6
8–1400

0.84 [54]

PPyNWs/PtNPs DPV 1–77 0.6 This
work
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system exhibits comparable analytical performance in terms
of detection limit and linear range. Nonetheless, in such a
comparison, peculiar features of the developed system, related
to the all-electrochemical route employed, such as low cost,
simple, and rapid preparation, should be taken into account,
which contribute to make it an effective system for monitoring
DA.

The effect of AA and UA on DPV detection of DA was
investigated by monitoring the current response to DA
120 μM in the presence of AA and UA 750 μM. Only a slight
modification of DA current response was observed with an
increase of peak current of 12% and a decrease of 6% in the
presence of AA and UA, respectively, indicating a negligible
interfering effect in both cases.

Real sample analysis

To validate the method in the analysis of DA in biological
fluids, the system PPYNWs/PtNPs was further tested for
DPV detection of DA in spiked human serum samples.
Results are presented in Table 2. A satisfactory mean recovery
of 94% is achieved with good sensor response reproducibility
(RSD 2.1%), comparable with that obtained analyzing DA
standard solutions. These findings evidence sensor reliability
and applicability in monitoring DA in complex biological
samples.

Conclusions

A new composite system PPyNWs/PtNPs was assembled by
using a simple, low-cost, and rapid all-electrochemical ap-
proach. Morphological characterization by SEM provided ev-
idence of PtNPs evenly distributed on/within PPy nanowire
network, while chemical investigation by XPS gave informa-
tion about oxidation state of deposited Pt, suggesting also a
possible involvement of pyrrolic nitrogen in the platinum de-
position process, thus evidencing that PPyNWs not only create
a high-surface 3D structure which promotes PtNP dispersion
with an effect on their size/distribution, but also act as a
supporting material interacting with metal nanoparticles.

The electrocatalytic activity of the system toward DA oxi-
dation was tested by DPV measurements, gaining satisfactory
results in terms of LOD, linear range, sensitivity, and anti-

interfering effects, as demonstrated by DPV investigation of
DA in presence of AA and UA and by real sample analysis. A
synergistic effect is invoked for explaining the observed elec-
trocatalytic activity in DA oxidation process, involving both
PtNPs and PPyNWs, with the former exhibiting enhanced
catalytic activity due to nanosize and the latter playing an
indirect effect related to its structure/conductivity, which in-
fluence Pt nanosize/dispersion, and in a direct effect related to
electronic interaction polymer-catalyst.
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