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Polypyrrole nanoplates (PPyNPTs) were successfully synthesized via in-situ chemical 

oxidation polymerization of pyrrole molecules. Furthermore, silver and gold nanoparticles (Ag 

and AuNPs) were assembled onto the as-prepared PPyNPTs by electrostatic interaction to 

fabricate two nanohybrids of PPyNPT-Ag and PPyNPT-Au, and their structures were 

characterized by scanning electron microscopy, transmission electron microscopy, Fourier 

transform infrared spectroscopy, and X-ray diffraction. The optimal parameters for creating 

uniform PPyNPT-Ag and PPyNPT-Au nanohybrids were obtained by controlling the reactive 

conditions, and the created PPyNPT-Ag and PPyNPT-Au nanohybrids were then immobilized 

onto glassy carbon electrodes and applied to construct hydrogen peroxide (H2O2) and 

dopamine (DA) sensors. We found that the fabricated sensors with PPyNPT-Ag and PPyNPT-

Au nanohybrids are highly specific for sensing H2O2 and DA, respectively. The PPyNPT-Ag 

based H2O2 sensor exhibited a fast amperometric response to H2O2 with a linear range from 

0.01 mM to 3.01 mM and a detection limit of 1.8 µM, and the PPyNPT-Au based DA sensor 

has a linear detection range from 1 µM to 5.201 mM and a detection limit of 0.36 µM. 

1. Introduction 

Conducting polymers (CPs) are suitable host matrices due to 

their advantages of permitting a facile electronic charge flow 

through the polymer matrix in electrochemical processes.1-3 

Polypyrrole (PPy), is one of the most promising CPs because of 

its ease of synthesis, good redox property, high conductivity, 

and excellent environmental stability.4 The presence of 

conjugated double bonds along the backbone of the polymer 

chain with unusually low ionization potentials and high electron 

affinities are basic requirements for the special electrical 

properties of PPy. The electronic conductivity of PPy can be 

enhanced by a doping process resulting in incorporation of 

counterions such as inorganic cations and anions, organic 

molecules, etc.5 The unique properties of CPs open new 

possibilities for technological applications, including 

rechargeable batteries, chemical or biochemical sensors, and 

polymer-based electronic devices (e.g., field-effect resistors, 

light emitting diodes, and solar cells), due to the high nonlinear 

optical properties and the electrical properties inherent to 

metals or semiconductors and the mechanical properties of 

conventional polymers. 6-10 At the same time, metallic 

nanoparticles (MNPs), such as silver nanoparticles (AgNPs) 

and gold nanoparticles (AuNPs), have been extensively used to 

fabricate different kinds of sensors.11-16  

CPs have also been used as versatile matrices to embed or 

disperse MNPs to create composite materials possessing 

properties of the individual components with a synergistic 

effect. The combination of MNPs with CPs offers an attractive 

route to reinforce the polymer as well as to introduce electronic 

properties based on morphological modification or electronic 

interaction between the two components. The soft polymer 

matrix can accommodate an internal stress and can undergo 

severe volume change from the composite materials.17 The 

properties of CP-MNP composites are even enhanced when the 

material size is reduced to the nanoscale.18, 19 Furthermore, it 

was found that the conductivity and sensing behavior of CPs 

could be further improved by imbedding MNPs into polymer 

matrix to form the CP-MNP composites.20, 21 Previously, many 

methods have been used to synthesize PPy-MNP 

nanocomposites.22-25 For example, Lim et al. prepared PPy-Au 

micro- and nanostructures by electropolymerization and 

electro-deposition.24 Hou et al. reported the synthesis of PPy-

Ag nanocomposite by using the redox reaction of silver nitrate 

and pyrrole via interface polymerization.22 Chen et al. reported 

a one-step process to fabricate Ag-PPy coaxial nanocables.25 

Pintér et al. reported the characterization of PPy-Ag 

nanocomposites prepared in the presence of different dopants.23 

To enhance the performance of the fabricated CP-MNP based 

sensors, two important factors should be considered. The first 
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one is that CPs should have the ordered structure (like 

nanotube, nanowire, and nanoplate), and the second one is that 

MNPs should uniformly distribute on the surface of CPs.26   

It is well known that dopamine (DA) is one of the most 

important catecholamine neurotransmitters in the mammalian 

central nervous system. Previously many attempts, such as 

fluorometric and chromatographic techniques, have been made 

to detect DA.27, 28 Electrochemical techniques showed good 

performance due to the advantages such as high selectivity, 

high sensitivity, and relative low detection limit.29-32 

Meanwhile, the detection of H2O2 is also very important 

because H2O2 is a main product of enzymatic reactions.33 The 

electrochemical detection of H2O2 was introduced to achieve a 

lower detection limit and lower cost compared to other 

detection methods.34-38 Herein, we reported the synthesis of 

PPy nanoplates (PPyNPTs) by the in-situ polymerization of 

pyrrole (Py). Furthermore, the as-prepared AgNPs and AuNPs 

were successfully self-assembled onto the PPyNPTs to 

synthesize functional PPyNPT-Ag and PPyNPT-Au 

nanohybrids, respectively. Both nanohybrids were utilized to 

modify glass carbon electrode (GCE) for the fabrication of 

H2O2 and DA sensors. We found that the PPyNPT-Ag and 

PPyNPT-Au modified GCEs showed enhanced electrocatalytic 

activity for the reduction of H2O2 and oxidation of DA 

compared to PPyNPTs modified GCE, and the sensors based on 

PPyNPT-Ag and PPyNPT-Au have unique sensing ability on 

H2O2 and DA, respectively. 

 

2. Experimental 

2.1 Reagents 

Ascorbic acid (AA), uric acid (UA), DA, and glucose were 

obtained from J ＆K Scientific Ltd. (Beijing, China). Disodium 

hydrogen phosphate (Na2HPO4), sodium dihydrogen phosphate 

(NaH2PO4), sodium borohydride (NaBH4), silver nitrate 

(AgNO3), absolute ethyl alcohol were purchased from Beijing 

Chemicals Co., Ltd. (Beijing, China). Py was distilled under 

vacuum before use and other reagents were used as received. 

The water used was purified through a Millipore system (∼18.2 

MΩ·cm).  

 

2.2 Preparation of  PPyNPTs 

0.17 g of Py was added to 85 mL deionized water. The mixture 

was stirred until the Py was thoroughly dissolved. After that, 

0.6 g of ammonium peroxydisulfate (APS) as oxidant was 

added to the above solution. The obtained mixture was allowed 

to react for 12 h under constant stirring at room temperature, 

and the resultant product was centrifuged and dried. 

 

2.3 Preparation of PPyNPT-Ag and PPyNPT-Au  

AgNPs were synthesized through a developed strategy based on 

previous report.39 Briefly, 2.5 mL of AgNO3 solution (0.01 M) 

was added to 75 mL deionized water under stirring. After 10 

min, 5 mL of mercaptocarboxylic acid (MA) solution (0.01 M) 

was added to the mixed solution and 2.5 mL of NaI solution 

(0.01 M) was added into the mixed solution under vigorous 

stirring. After 20 min of further reaction, 25 mg NaBH4 was 

added and the mixture was kept stirred for another 30 min until 

a light red colloid of Ag NPs appeared. 

The Au colloid was prepared according to previous report.40 

In brief, 100 mL of chloroauric acid solution (0.01 wt%) was 

heated to boiling, and then quickly added to 2.5 mL sodium 

citrate solution (1 wt%), continued to boil for 5 minutes.  

0.05g PPyNPTs was added to the above 50 mL MA-capped 

AgNPs solution under stirring at room temperature. The 

reaction was allowed to proceed for 12 h, and the resultant 

product was centrifuged and dried. AgNPs could be bound onto 

the surface of PPyNPTs, leading to the formation of PPyNPT-

Ag nanohybrids. The preparation of PPyNPT-Au nanohybrids 

was similar to that of PPyNPT-Ag.  

To investigate the effect of different reaction parameters, 

such as temperature, volume of MNPs for the assembly, and the 

reaction period, on the formation of PPyNPT-Ag and PPyNPT-

Au nanohybrids, the temperature was set from room 

temperature to 50, 70, and 90 °C; the volume of MNPs (AuNPs 

and AgNPs) was kept from 100 to 150 and 200 mL; the 

reaction period was adjusted from 24 to 36 and 72 h. 

 

2.4 Electrochemical measurements 

All electrochemical measurements were performed on a 

CHI760D electrochemical workstation (CH Instruments, 

Shanghai, China) at room temperature. A conventional three-

electrode cell was used, including a glass carbon electrode 

(GCE, 3 mm in diameter) as the working electrode, an Ag/AgCl 

electrode (saturated KCl) as the reference electrode, and a Pt 

wire as auxiliary electrode. The test solutions were phosphate 

buffer solutions (PBS, 0.1 M), which was prepared with 0.2 M 

Na2HPO4 and 0.2 M NaH2PO4 and H2SO4 (pH=1), and 

deoxygenated with high-purity nitrogen for 30 minutes before 

electrochemical experiments. 

The GCE was polished with 1 and 0.3 µm alumina powder 

and washed with distilled water, followed by sonication in 

ethanol solution and distilled water, respectively. Then, the 

cleaned GCE was dried with a high-purity nitrogen steam for 

next modification. A total of 5 µL of sample solution (1.0 

mg/mL) was dropped on the GCE surface and dried at room 

temperature. Finally, 5 µL Nafion solution (0.1 %, diluted with 

ethanol) was cast onto the electrode to avoid the leakage of 

modified GCE. 

 

2.5 Characterization techniques 

SEM experiments were performed on JSM-6700F scanning 

electron microscope (JEOL). Transmission electron microscopy 

(TEM) experiments were performed on a TecnaiG220 

transmission electron microscope (FEI) with an accelerating 

voltage of 200 kV. Fourier transform infrared spectroscopy 

(FTIR, Nicolet 6700, Thermo-Fisher), and X-ray diffraction 

(XRD, Rigaku D/max-2500 VB+/PC) were utilized for the 

characterizations of samples. 
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3. Results and discussion 

3.1 Optimal preparation of PPyNPT-Au nanohybrids 

To obtain the optimal parameters for creating uniform 

PPyNPT-Ag and PPyNPT-Au nanohybrids, different volumes 

of MNPs, reaction periods, and reaction temperatures were 

tested. For the simplicity, here we focus on the optimal 

preparation of PPyNPT-Au nanohybrids.  

Fig. 1a-c shows the effect of different volumes of AuNPs on 

the formation of PPyNPT-Au nanohybrids. The SEM images in 

Fig. 1a and b indicate that, as the volume of Au colloid solution 

increases from 100 to 150 mL, the amount of AuNPs assembled 

onto the as-prepared PPyNPTs by electrostatic interaction also 

increases. However, as the volume of Au colloid solution 

increases from 150 to 200 mL, the amount of AuNPs assembled 

onto the as-prepared PPyNPTs by electrostatic interaction is 

almost unchanged (as shown in Fig. 1b and c). Meanwhile, the 

above SEM result is in consistence with the corresponding 

Energy dispersive X-ray spectroscopy analysis (the weight 

percents of Au M in Fig. 1a-c are 6.18, 6.85, and 6.78, 

respectively).Based on the above result, it can be found that 

with the increase of the volume of Au colloid solution, the 

amount of AuNPs assembled onto the as-prepared PPyNPTs by 

electrostatic interaction will first increase and then reach a 

stable maximum value. We suggest that this phenomenon may 

be due to the amount of AuNPs assembled onto the as-prepared 

PPyNPTs by electrostatic interaction has a maximum value for 

0.05g PPyNPTs. Therefore, a suitable volume (150 mL) of 

AuNPs was selected for the optimal synthesis of uniform 

PPyNPT-Au nanohybrids. 

 

 
Fig. 1 Effects of different volumes of AuNPs (a-c) and reaction periods 

(d-f) on the formation of PPyNPT-Au nanohybrids. The volume was set 

to be (a) 100, (b) 150, and (c) 200 mL, respectively; the corresponding 

reaction condition is room temperature for 36 h. The reaction period 

was adjusted to be (d) 24, (e) 36, and (f) 72 h; the corresponding 

reaction condition is room temperature and 150 mL AuNPs. 

 

Fig. 1d-f presents the effect of different reaction periods on 

the formation of PPyNPT-Au nanohybrids. The SEM images in 

Fig. 1d and e indicate that, as the reaction time increases from 

24 to 36 h, the amount of AuNPs assembled onto the as-

prepared PPyNPTs by electrostatic interaction also increases. 

However, as the reaction time increases from 36 to 72 h, the 

amount of AuNPs assembled onto the as-prepared PPyNPTs by 

electrostatic interaction is almost unchanged (as shown in Fig. 

1e and f). The above SEM result is in consistence with the 

corresponding Energy dispersive X-ray spectroscopy analysis 

(the weight percents of Au M in Fig. 1d-f are 5.81, 6.85, and 

6.76, respectively). Therefore, a better reaction period of 36 h 

was selected for the further synthesis of PPyNPT-Au 

nanohybrids. 

Fig. 2 indicates the temperature effect on the formation of 

PPyNPT-Au nanohybrids. For this part of control experiment, 

150 mL AuNPs was used and a reaction period of 36 h was 

fixed. The SEM images in Fig. 2a-c indicate that the amount of 

AuNPs assembled onto the as-prepared PPyNPTs by 

electrostatic interaction increases with the reaction temperature 

increases from room temperature to 50 and 70°C. However, as 

the reaction temperature increases from 70 to 90°C, the amount 

of AuNPs assembled onto the as-prepared PPyNPTs by 

electrostatic interaction decreases (as shown in Fig. 2c and d). 

Meanwhile, the above SEM result is also in consistence with 

the corresponding Energy dispersive X-ray spectroscopy 

analysis (the weight percents of Au M in Fig. 2a-d are 6.85, 

7.13, 7.42, and 5.72, respectively). 

 

 
Fig. 2 Temperature effect on the formation of PPyNPT-Au nanohybrids:  

(a) room temperature, (b) 50, (c) 70 and (d) 90 °C. The corresponding 

reaction condition is 150 mL AuNPs and 36 h reaction period. 

 

Based on the above SEM results, a relative optimal reaction 

parameter (150 mL MNPs, 36 h reaction period, and 70°C 

reaction temperature) was applied for the assembly of MNPs 

onto PPyNPTs and the final synthesis of PPyNPT-Ag and 

PPyNPT-Au nanohybrids.  

 

3.2 Characterization of PPyNPTs, PPyNPT-Ag, and 

PPyNPT-Au  

Fig. 3 shows the proposed mechanism for the synthesis of 

PPyNPTs and the subsequent fabrication of PPyNPT-Ag and 

Page 3 of 8 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

PPyNPT-Au nanohybrids. Firstly, APS was added to the system 

for inducing the polymerization of Py molecules and the 

formation of PPyNPTs. Secondly, MA-capped AgNPs and 

sodium citrate-capped AuNPs were assembled onto the as-

prepared PPyNPTs by electrostatic interaction to fabricate 

nanohybrids of PPyNPT-Ag and PPyNPT-Au.41, 42 

  

 

 
Fig. 3 Schematic representations for the synthesis of PPyNPTs, 

PPyNPT-Ag, and PPyNPT-Au nanohybrids. 

 

The samples of PPyNPTs, PPyNPT-Ag, and PPyNPT-Au 

were characterized with XRD and FTIR firstly, and the results 

are shown in Fig. 4a and b. The XRD pattern of PPyNPT-Ag 

confirmed the successful assembly of AgNPs onto the surface 

of PPyNPTs. The broad peak with 2θ around 23.6° is assigned 

to the diffraction of amorphous PPy and other peaks with 2θ at 

39.2° is related to the [111] diffraction of Ag and 2θ at 42.6° 

and 46.2° are related to [200] diffraction of Ag, respectively. 

Crystallite sizes were calculated using Scherrer's equation.43 

The calculated average size of the silver is ca. 10 nm. The 

powder XRD analysis was also used to confirm the existence of 

Au in the synthesized PPyNPT-Au nanohybrids. XRD peaks 

appeared at 2θ of 38.3°, 44.5°, 64.7° and 77.7°, which can be 

assigned to the diffraction from the [111], [200], [220], and 

[311] crystal planes of the face-centered cubic Au structures, 

respectively. The size of AuNPs in the PPyNPT-Au 

nanohybrids has been calculated using Scherrer's formula and 

the value was found to be ca. 28 nm. However, it should be 

noted that the width and intensity of the peaks for PPyNPTs 

changed in the synthesized PPyNPT-Ag and PPyNPT-Au 

nanohybrids and appeared three diffraction peaks in the range 

of 20-30° for PPyNPT-Ag and PPyNPT-Au, which may due to 

the binding of PPyNPTs with MNPs.  

Fig. 4b shows the typical FTIR spectra of PPyNPTs, 

PPyNPT-Ag and PPyNPT-Au. The peaks at around 1560 and 

1480 cm-1 are assigned to the antisymmetric ring stretching 

mode and symmetric mode of Py ring.44, 45 A large and 

descending baseline appears in the spectral region of 1700-2800 

cm-1, which is attributed to the free-electron conduction in 

PPy.46 Previously, Martin et al. have reported that longer 

conjugation length critically led to higher conductivity and 

experimentally the effective conjugation length was inversely 

proportional to the ratio of the peak areas at 1560 and 1470 cm-

1 (A1560/A1470).
47 In our work, the A1560/A1470 values were 

calculated to be approximately 3.24, 2.06, and 1.16 for 

PPyNPTs, PPyNPT-Ag, and PPyNPT-Au, respectively. The 

peak ratio indicates that the PPyNPT-Ag and PPyNPT-Au 

nanohybrids have longer effective conjugation lengths than the 

created PPyNPTs. 

 

 

Fig. 4 (a) XRD patterns and (b) FTIR spectra of PPyNPTs, 

PPyNPT-Ag, and PPyNPT-Au. 

 

The synthesized PPyNPTs, PPyNPT-Ag, and PPyNPT-Au 

nanohybrids were then characterized with SEM and TEM. The 

SEM images in Fig. 5a, c and e indicate that these products 

have clear plate nanostructure. Fig. 5b gives the TEM image of 

the PPyNPTs. It can be found that the PPyNPTs were 

successfully synthesized. Fig. 5d shows the TEM and HR-TEM 

images of the synthesized PPyNPT-Ag nanohybrids. It is clear 

that the AgNPs were assembled onto the surface of PPyNPTs 

with a mean diameter of ca. 10 nm, which is agreed with the 

above XRD result. Fig. 5f gives the TEM and HR-TEM images 

of the created PPyNPT-Au nanohybrids. It can be seen that 

AuNPs are on the surface of PPyNPTs with a mean diameter of 

ca. 30 nm, which is similar to the formation of PPyNPT-Ag 

nanohybrids.   
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Fig. 5 Morphological characterizations: (a, c, e) typical SEM 

images and (b, d, f) corresponding TEM images of (a, b) 

PPyNPTs, (c, d) PPyNPT-Ag nanohybrids, and (e, f) PPyNPT-

Au nanohybrids. The insets (d, f) are the corresponding HR-

TEM images. 

 

3.3 Electrochemical H2O2 sensor 

To evaluate the sensing application of the synthesized PPyNPT-

Ag nanohybrids, we designed a nonenzymatic H2O2 sensor. 

Fig. 6a shows the cyclic voltammograms (CVs) of GCEs 

modified with Ag NPs, PPyNPTs and PPyNPT-Ag toward the 

reduction of H2O2 in the presence of 10 mM H2O2. The 

PPyNPT-Ag/GCE exhibits a notable current peak centered at -

0.91 V. It can be seen that AgNPs/GCE showed better response 

to H2O2 compared to PPyNPT-Ag/GCE. However, we found 

that the AgNPs are very easy to fall off from the surface of 

GCE, and current loss is serious. In addition, the response of 

PPyNPTs/GCE toward the reduction of H2O2 is very small. So 

we chose the PPyNPT-Ag/GCE as the catalytic electrode for 

H2O2 reduction. 

Fig. 6b shows the typical I-T plot of the PPyNPT-Ag/GCE. 

Although the PPyNPT-Ag/GCE exhibited the biggest response 

signal at −0.91 V, we determined the H2O2 at −0.34 V. Such a 

low applied potential can ensure sufficient current response 

with lower background or less interference of other 

electroactive species in the solution.48 Fig. 6c shows the 

calibration curve of the sensor. The linear detection range of 

this H2O2 sensor is estimated to be from 0.01 mM to 3.01 mM 

(r=0.996), and the detection limit is calculated to be 1.8 µM 

(S/N = 3). As can be seen from Table 1, our sensor has the 

acceptable wide linear range and low detection limit compared 

with the previous H2O2 sensors. The selectivity test of PPyNPT-

Ag modified GCE was conducted at the working potential of -

0.34V. After a stable baseline, 0.1 mM H2O2, 0.1 mM AA, 0.1 

mM UA, 0.1 mM DA, and 5 mM glucose were successively 

added in N2 saturated PBS (0.1 M, pH=7.4), respectively. It can 

be found that negligible interference was observed at the 

applied potential, as shown in Fig. 6d. 

 
Fig. 6 H2O2 sensor: (a) CVs of GCEs modified with Ag NPs, PPyNPTs 

and PPyNPT-Ag; (b) I−T response of GCE modified with PPyNPT-

Ag in 0.1 M PBS (pH 7.4); (c) The calibration curve of H2O2 sensor; (d) 

Selectivity; (e) Reuse ability, and (f) Long-term stability. 

 

 
Fig. 7 SEM images of (a) PPyNPT-Ag and (b) PPyNPT-Au after 20 

days electrochemical tests. 

 

The reuse stability of the PPyNPT-Ag modified GCE was 

assessed by amperometry in the presence of 0.1mM of H2O2. 

The result indicates that the current of the PPyNPT-Ag 

modified GCE kept stable between -12 and -15 µΑ for at least 

11 tests (Fig. 6e). The long-term stability of the PPyNPT-Ag 

modified GCE was also explored in the presence of 0.1mM of 

H2O2. The fabricated GCE was stored in the refrigerator at 4 °C 

and measured every 2-4 days over a 20-days period. The result 

shows that the current response maintains more than 88 % of its 

initial value in response to 0.1 mM H2O2 after 20 days, 

indicating an acceptable stability of our PPyNPT-Ag based 

sensor (shown in Fig. 6f). Meanwhile, the morphological 

characterization of PPyNPT-Ag after 20 days electrochemical 

tests is shown in Fig. 7a. As can be seen from the obtain SEM 
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image, the basic morphology of the PPyNPT-Ag does not 

change, which indicates that the prepared PPyNPT-Ag 

nanohybrids are very stable for long-term test. 

 

Table.1. Comparison of the H2O2 sensor performances of the 

PPyNPT-Ag nanohybrids with previous H2O2 sensors. 

Electrode 

materials 

Potenti

al (V) 

Linear range 

(mM) 

LOD   

(μM) 

Ref 

Stable 

AgNPs 

 

 

Ag-PPy 

colloids 

 

 

Ag-thin PPy 

 

 

-0.3 

 

 

 

-0.3 

 

 

 

-0.35 

 

  

0.1-180 

 

 

 

0.1-90 

 

 

 

0.1-90 

 

33.9 

 

 

 

1.05 

 

 

 

0.57 

 

 

49 

 

 

 
50 

 

 

 
51 

 

Ag-

polyurethane  

 

Ag-graphene        

 

-0.34 

 

 

-0.6 

 

 

0.5-30 

 

 

0.05-5 

18.6 

 

 

10.4 

12 

 

 
52 

PPyNPT-Ag -0.34 0.01-3.01 1.8 this 

work 

 

3.4 Electrochemical DA sensor 

In a further step, we designed a nonenzymatic DA sensor with 

the created PPyNPT-Au nanohybrids. The effect of the 

potential scanning rate (V) on the peak current for the PPyNPT-

Au/GCE was measured in the range of 50-500 mV s-1, as shown 

in Fig. 8a. The anodic peak current for PPyNPT-Au is increased 

linearly with the square root of the scanning rate (V1/2), 

indicating that the peak current is diffusion controlled.53 The 

CVs of the AuNPs, PPyNPTs, and PPyNPT-Au/GCE in the 

presence of 1 mM DA are shown in Fig. 8b. For the PPyNPT-

Au/GCE, the redox peaks appear at 0.54 and 0.38 V, 

respectively, which are attributed to the oxidation/reduction of 

DA to dopaminequinone with participation of  two electrons.54  

Previous study indicated that the electrocatalytic effect of 

AuNPs on the oxidation of DA is related to the size of 

AuNPs.55 An optimal size of AuNPs with the maximal catalytic 

efficiency was found to be about 30 nm. Therefore, in this work, 

AuNPs with a diameter of 30 nm were used to modify the 

synthesized PPyNPTs and create PPyNPT-Au nanohybrids. 

The I-T curve is recorded at 0.63 V (as shown in Fig. 8c). The 

PPyNPT-Au/GCE displayed increasing amperometric 

responses to DA with a linear range from 1 µM to 5.201 mM 

(r=0.994) and a detection limit of 0.36 µM (S/N=3). As can be 

seen from Table 2, our sensor has the acceptable wide linear 

range and low detection limit compared with the previous DA 

sensors. The selectivity test of PPyNPT-Au modified GCE was 

completed at the working potential of 0.63V. After a stable 

baseline, 0.1 mM DA, 0.1 mM AA, 0.1 mM UA, 0.1 mM H2O2 

were successively added in N2 saturated H2SO4 (pH=1), 

respectively. It can also be seen that negligible interference was 

observed at the applied potential (as shown in Fig. 8d).  

The reuse stability of the PPyNPT-Au modified GCE was 

assessed by amperometry in the presence of 0.1 mM DA. The 

result indicates that the current of the PPyNPT-Au modified 

GCE kept stable between -1 and -2 µΑ for at least 13 tests (as 

shown in Fig. 8e). The long-term stability of the PPyNPT-Au 

modified GCE was also explored in the presence of 0.1 mM 

DA. The fabricated GCE was stored in the refrigerator at 4 °C 

and measured every 2-4 days over a 20-day period. The result 

shows that the current response maintains more than 90 % of its 

initial value in response to 0.1 mM DA after 20 days, indicating 

an acceptable stability of our PPyNPT-Au based sensor (Fig. 

8f). Meanwhile, the morphological characterization of 

PPyNPT-Au nanohybrids after 20 days electrochemical tests is 

shown in Fig. 7b. As can be seen from the obtained SEM image, 

the basic morphology of the PPyNPT-Au does not change, 

which indicates that the prepared PPyNPT-Au nanohybrids are 

also very stable for the long-term test. 

 
Fig. 8 DA sensor: (a) CVs of GCE modified with PPyNPT-Au in 

H2SO4 (pH 1) solution at different scanning rates. The inset is the 

calibration plot between current and scanning rate; (b) CVs of GCEs 

modified with AuNPs, PPyNPTs and PPyNPT-Au in the presence of 1 

mM DA at a scan rate 50 mV s-1; (c) I−T response; (d) Selectivity; (e) 

Reuse ability, and (f) Long-term stability. 
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Table.2. Comparison of the DA sensor performances of the PPyNPT-

Au nanohybrids with previous DA sensors. 

Electrode 

materials 

Meth

od 

Linear range 

(mM) 

LOD   

(μM) 

Ref 

Nano-

MnOOH 

 

 

Graphene-

Pt  

 

 

PPy-RGO  

 

DPV  

 

 

 

DPV  

 

 

DPV  

  

1.2×10-3-0.2 

 

 

 

3×10-5-8.13×10-3 

 

1×10-5-0.01 

 

0.1 

 

 

 

0.03 

 

 

1×10-6 

 

 

56 

 

 

 

 57 

 

 

 58 

 

 

 

RGO-

AuNPs 

 

 

Au-

graphene        

 

 

DPV  

 

 

 

AM 

1×10-3-0.06 

 

 

 

1×10-3-0.321 

2×10-5 

 

 

 

0.32 

 

59 

 

 

 
60 

PPyNPT-

Au 

AM 1×10-3-5.201 0.36 this 

work 

DPV: Differential pulse voltammetry 

RGO: Reduced graphene oxide 

AM: Amperometry 

 

4 Conclusions 
In summary, we demonstrated a facile synthesis of PPyNPTs by 

the polymerization of Py molecules, and further the as-prepared 

Ag and AuNPs were successfully assembled onto the created 

PPyNPTs for final synthesis of PPyNPT-Ag and PPyNPT-Au 

nanohybrids. In addition, we studied the effect of experimental 

parameters in the synthesis of PPyNPT-Ag and PPyNPT-Au 

nanohybrids and found the best reaction condition. At the end, 

both the nanohybrids were utilized to modify GCE for the 

fabrication of H2O2 and DA sensors. We found that the 

PPyNPT-Ag and PPyNPT-Au modified GCEs showed 

enhanced electrocatalytic activity for the reduction of H2O2 and 

oxidation of DA compared to PPyNPTs modified GCE, and the 

sensors based on PPyNPT-Ag and PPyNPT-Au can be used to 

detect H2O2 and DA, respectively. 
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