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ABSTRACT: AgCl/polyaniline (PANI) nanocomposite was successfully synthesized in polyvinyl alcohol (PVA) matrix via a two-stage

process. Firstly, positively-charged Ag nanoparticles (NPs) were prepared in the presence of 4-aminothiophenole (4-ATP) as stabi-

lizer. Then, polymerization of aniline was carried out in PVA matrix in the presence of Ag NPs, HCl, and ammonium persulfate as

oxidant. HCl solution played an important role in the preparation of resulted nanocomposite. Removal or changing of acidic

medium to camphorsulfonic acid influenced on the structure and morphology of obtained composites. The composites were charac-

terized by scanning electron microscopy, transmission electron microscopy, X-ray diffraction, energy-dispersive X-ray spectroscopy,

ultraviolet–visible spectra, and Fourier transform infrared spectroscopy. Moreover, AgCl/PANI/PVA nanocomposite was immobilized

on the surface of a glassy carbon electrode and showed enhanced electrocatalytic activity for the oxidation of dopamine (DA) in a

neutral solution. The peak currents of differential pulse voltammograms of DA increased linearly with concentration in the ranges

of 80–250 lM DA and the detection limit for DA was 17.2 lM. VC 2015 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2015, 132, 42366.
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INTRODUCTION

Polyaniline (PANI) is known among conducting polymers due

to its high conductivity, ease of preparation, good environmen-

tal stability, and a large variety of technological applications in

rechargeable batteries, chemical sensors, electromagnetic inter-

ference shielding (EMI), corrosion protection coatings, light

emitting diodes, and etc.1–4 However, PANI is redox-active only

for acidic conditions, generally at pH < 4;1,2 this seriously has

obstructed its potential applications in bioelectrochemistry,

which normally needs a neutral pH environment. In order to

overcome such problems, several approaches have been devel-

oped. For instance, the incorporation of inorganic nanoparticles

(NPs) could effectively improve the electrical, optical and

dielectric properties of the PANI composites.5,6

The inorganic nanocomposites with different combinations have

concerned significant academic and technological attention

because they have interesting physical properties and potential

applications.7,8 The ability to control the shape and size of

nanocomposites is a chief factor for defining of their properties,

such as the electronic band gap, conductivity, and light-

emission efficiency.9,10 Among those inorganic nanoparticles,

silver nanoparticles (NPs) and silver (Ag) nanograin decorated

AgCl NPs, and aggregated Ag nanoparticles have received a

great deal of attention because of their unique electrical and

optical properties as well as extensive applications in prepara-

tion of photographic paper, photochromic lenses, photocatalyst,

antiseptic catheters, bone cements, and fabrics owing to their

antibacterial property.11–13 It has been displayed that decoration

of AgCl with Ag NPs can greatly recover the light absorption

property and photostability of the AgCl nanoparticles.14,15

Incorporation of Ag and AgCl NPs between the PANI chains

could yield functional materials having unique properties and

wide varieties of potential applications in various areas includ-

ing electronic, catalysis, optics, electrocatalysis, and sensors.

Hence, the synthesis of polyaniline/Ag and AgCl nanocompo-

sites is receiving wide attention. Massoumi et al.16 synthesized

PANI–silver nanocomposites through in situ chemical polymer-

ization of aniline in the presence of Ag NPs and reported its

electrocatalytic activity toward the oxidation of dopamine (DA)

and tyrosine (Ty) at pH:4. Choudhury17 synthesized PANI–sil-

ver nanocomposites by in situ chemical oxidation polymeriza-

tion method and reported superior gas sensing capacity of

obtained nanocomposites compared to pure polyaniline. Zhang

et al. synthesized polyaniline/AgCl nanocomposites at the water/

magnetic ionic liquid interface.18 Feng et al. prepared AgCl/

PANI core–shell composites through a facile one-step process

and used to construct a H2O2 biosensor.19 Zhou et al. synthe-

sized PANI/AgCl composites by electrochemical methods in the

presence of polyvinyl pyrrolidone which exhibited strong
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electrocatalytic activity toward the oxidation of DA and ascorbic

acid (AA).20 To application of PANI composites in the living

system for continuous monitoring of the level of main metabo-

lites such as sugar, cholesterol etc., it is essential that the sensor

electrode to be biocompatible.

Polyvinyl alcohol (PVA), a water soluble hydrophilic polymer, is

widely used in industries owing to its excellent chemical and

physical properties, nontoxicity, excellent chemical resistance,

good film formation capacity, biocompatibility and high crystal

modulus. On the other hand the existence of PVA in the prepa-

ration of PANI composite increases crystallinity and stability in

PANI and also decreases the size of PANI dispersion NPs.21 To

the best of knowledge, studies on the synthesizing of AgCl/

PANI nanocomposite in PVA matrix through chemical polymer-

ization are relatively rare. In this study, AgCl/PANI nanocompo-

site was prepared via in situ polymerization of aniline in the

presence of Ag NPs in PVA matrix. The synthesis of nanocom-

posite was studied in different acidic medias and the morphol-

ogy, optical properties and composition of the obtained

composites were characterized by scanning electron microscopy

(SEM), transmission electron microscopy (TEM), energy-

dispersive X-ray spectroscopy (EDX), ultraviolet–visible spec-

troscopy (UV–vis), X-ray diffraction (XRD), and Fourier trans-

form infrared spectroscopy (FT-IR). The obtained AgCl/PANI/

PVA nanocomposite was immobilized on the surface of a glassy

carbon electrode and investigated electrocatalytic activity for the

oxidation of dopamine in a neutral solution.

EXPERIMENTAL

Materials and Methods

Aniline, ammonium persulfate ((NH4)2S2O8, APS), 4-

aminothiophenol (4-ATP), hydrochloric acid (HCl), camphor-

sulfonic acid (CSA), sodium borohydride (NaBH4), silver nitrate

Figure 1. UV–vis spectrum of A: (a) Ag NPs colloid (b) AgCl/PANI/PVA (composite 1) (c) Ag/PANI/PVA (composite 4) (d) Ag oxides/CSA/PANI/PVA

(composite 3). B: Filtrate of composite 1. All samples dispersed in ethanol absolute.

Figure 2. XRD pattern of A: (a) Ag/AgCl/PANI/PVA (composite 2) (b)

AgCl/PANI/PVA (composite 1) (c) Filtrate of composite 1 (d) Ag oxides/

CSA/PANI/PVA (composite 3) B: Ag/PANI/PVA (composite 4).

ARTICLE WILEYONLINELIBRARY.COM/APP

WWW.MATERIALSVIEWS.COM J. APPL. POLYM. SCI. 2015, DOI: 10.1002/APP.4236642366 (2 of 9)

http://onlinelibrary.wiley.com/
http://www.materialsviews.com/


(AgNO3), polyvinyl alcohol (PVA, 98% hydrolyzed, molecular

weight of 72,000 g/mol), and dopamine (DA) were purchased

from Merck. Aniline was distilled under reduced pressure and

other reagents were used as received without further treatment.

All solutions were prepared with deionized water.

Morphology and particle sizes of composites were noticed using

by transmission electron microscopy (TEM, PHILIPS, CM10-

HT, 100 kV) and energy-dispersive X-ray spectrometry (EDX)

was performed by an EDX detector on a HITACHI, 4160 scan-

ning electronic microscope (SEM) with a voltage of 15 kV. X-

ray diffraction patterns were taken on a SIEMENS (D5000) X-

ray diffractometer with CuKa radiation, at a 108/min scanning

speed from 28 to 908 (in 2h). Ultraviolet visible (UV–vis)

absorption spectra were taken using a SHIMADZU (UV-

1601PC) spectrophotometer. Fourier transform infrared spec-

troscopy (FTIR) was performed on a Bruker model Tensor Fou-

rier transform spectrometer in the range of 400–4000 cm21

using KBr pressed disks. Electrochemical experiments were con-

ducted using Autolab instrument (PGSTATE12) in a three-

electrode system. All electrochemical experiments were

performed in a cell containing 20 mL of phosphate buffer solu-

tion (PBS, 0.1M) at room temperature and using platinum wire

as the auxiliary, a saturated calomel electrode (SCE) as the ref-

erence, and the AgCl/PANI/PVA modified glassy carbon elec-

trode (GCE) as the working electrode. All experimental

solutions were deaerated by bubbling highly pure nitrogen for

10 min, and a nitrogen atmosphere was kept over the solutions

during electrochemical measurements.

Synthesis of AgCl/PANI Nanocomposite in PVA Matrix

AgCl/PANI/PVA nanocomposite was synthesized through a two-

stage process. First, the positively charged Ag NPs were prepared

by borohydride reduction of AgNO3 salt solution as detailed by

Sun et al.22 with some modification. Briefly, 2 mL 4-ATP etha-

nol solution (1 mM) was poured to 20 mL silver nitrate solu-

tion (0.5 mM) under vigorous stirring. After the dissolution of

4-ATP, 0.4 mL of freshly prepared aqueous sodium borohydrid

solution (10 mM) was injected dropwise into the solution under

vigorous stirring. Then, the silver clear black brown colloids

were centrifuged twice at 8000 rpm for 20 min and the obtained

precipitates were removed. Then, the AgCl/PANI/PVA

Figure 3. EDX analysis of (a) AgCl/PANI/PVA (composite 1) (b) filtrate of composites 1 (c) Ag oxides/CSA/PANI/PVA (composite 3) (d) Ag/PANI/PVA

(composite 4).
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nanocomposite (composite 1) was prepared by chemical poly-

merization of aniline in the following approach:

PVA polymer powder (1 g) was fully dissolved in 100 mL of

deionized water in a silicone oil bath at 908C. The obtained 1

wt % PVA solution was allowed to cool to room temperature

and then silver NPs colloid with pH 3.5 were added to the PVA

solution and stirred at room temperature. The resulted mixture

had pH 4.5. After the adjusting of the pH 3 with concentrated

HCl, aniline (0.35 g) and APS (0.78 g) as oxidant were dropped

into the mixture and was maintained under magnetic stirring

for 4 h at room temperature. The molar ratio of aniline to APS

([An] : [APS]) was 1 : 1. The product was filtered and thor-

oughly washed with deionized water and methanol to remove

nonreacted monomer, oligomer, and excess of oxidant.

Obtained composite was dried in vacuum at 408C for 24 h

(composite 1), while the filtrate was kept for freeze dry in order

to remove water, finally yielding a green compound after freeze

drying. The reaction was carried out under other acidic

mediums similar to composite 1, with adjusting pH 5 4 with

HCl (Ag/AgCl/PANI/PVA, composite 2), pH 5 3 with CSA (Ag

oxides/CSA/PANI/PVA, composite 3) and in the absence of acid

medium (Ag/PANI/PVA, composite 4). Obtained composites

were purified and dried similar to composite 1.

RESULTS AND DISCUSSION

AgCl/PANI/PVA nanocomposite was successfully synthesized via

chemical polymerization of aniline in the presence of positively-

charged Ag NPs, HCl, and PVA. PVA is a biocompatible poly-

mer and resulted AgCl/PANI nanocomposite in the presence of

it could be having potential in biological activities. First, AgNPs

were synthesized by borohydride reduction of AgNO3 in the

presence of 4-ATP as stabilizer, and then the polymerization of

aniline was carried out in the presence of HCl, APs, and PVA.

Positively charged Ag NPs could be reacted with chloride ions

to obtain AgCl NPs. Also, polymerization of aniline was carried

out in the three different acidic media.

Figure 1 shows the UV–vis spectra of Ag NPs colloid and syn-

thesized composites 1, 3, 4, and the filtrate of composite 1. As

shown in Figure 1(A) (a), colloidal AgNPs exhibit absorption

band or broad region of absorption at around 425 nm which

arise from excitation of plasmon resonances or interband transi-

tions.16,23 Surface plasmon absorption position of metal NPs is

mainly sensitive to a number of factors, such as particle size,

shape, and the nature of the surrounding media.24 Characteris-

tic peak of composites was appeared at around of 390 nm

which is attributed to p–p* transition [Figure 1(A), (b–d)].25

Also, characteristic peaks of filtrate of composite 1 were

appeared at 360, 410, and 750 nm which are attributed to p–p*,

polaron–p*, and localized polaron–p transitions of doped PANI,

respectively [Figure 1(B)].26 The results indicate that the filtrate

of AgCl/PVA/PANI nanocomposite can essentially be considered

as PANI/PVA. From UV–vis spectra of composites, it is

observed that characteristic peaks for the polaron–p* and

p–polaron transitions of polyaniline are absent [Figure 1(b–

d)]27 which this could be related to the strong interaction

among metal NPs, PVA, and PANI.

The composition and the structure of the products were charac-

terized with EDX and XRD. Figure 2 shows the XRD pattern of

composites 1, 2, 3, 4 and filtrate of nanocomposite 1. In XRD pat-

tern of the composite 2, diffraction peaks at 2h 5 6.6, 19, 23.48

and 25.88 are associated with organization, periodicities parallel

and perpendicular of the PANI chains, respectively28,29 [Figure

Figure 4. SEM images of (a) AgCl/PANI/PVA (composite 1) (b) filtrate of composites 1 (c) Ag oxides/CSA/PANI/PVA (composite 3) (d) Ag/PANI/PVA

(composite 4).
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2(A) (a)]. The appeared peaks at 2h 5 27.9, 32.4, 46.2, 54.8, 57.5,

67.7, 74.6, and 76.7 are related to scattering forms of (111), (200),

(220), (311), (222), (400), (331), and (420) of AgCl NPs, respec-

tively and the other peaks at 2h 538 and 44.5 are due to Ag NPs

[Figure 2(a)].30,31 These results indicate that most of positively

charged AgNPs reacted with chloride ions to form AgCl nanopar-

ticles. When the pH of reaction mixture was decreased until

pH 5 3, the peaks of Ag NPs was disappeared and only the peaks

of AgCl NPs were shown [Figure 2(A) (b)]. In the XRD of the fil-

trate of composite 1 appears a peak at 2h 5 19.77 which is related

to overlapped peaks of PANI and PVA [Figure 2(A) (c)]. The

results show that precipitate of composite 1 is as AgCl/PANI/PVA

and the filtrate of it is as PANI/PVA. With changing of acidic

medium to CSA [Figure 2(A) (d)], the structure of composite

changed and peaks of AgCl NPs were disappeared. Figure 2(A)

(d) implies a peak at 2h 5 19 related to overlapped peaks of PVA

and PANI and the new peaks at 2h 5 26, 32, 39 related to Ag

oxides (AgO and Ag2O) structures.32 In the absence of acid

medium (pH 5 5.5), the peak centered at 2h 5 19 related to

overlapped peaks of PANI and PVA21 and the peaks of Ag NPs

were appeared at 2h 5 38 and 44.5 with low intensity [Figure

2(B)]. XRD results show that in different acidic solutions,

positively-charged AgNPs can be appeared as Ag, AgCl, AgO, and

Ag2O NPs and the pH of reaction has most important effect on

the structure of obtained composites.

The elemental compositions of the composites 1, 3, 4 and the fil-

trate of composite 1 are shown by EDX analysis in Figure 3. Fig-

ure 3(a) depicts the EDX spectrum of the composite 1 and it is

deduced that the weight % of Ag is 2.85 and in view of the signifi-

cant amount of Ag present, we designate the precipitate as AgCl/

PANI/PVA composite, while the EDX spectrum depicted in Figure

3(b) indicates no wt % of Ag so the filtrate can essentially be con-

sidered as PANI/PVA. Also, the EDX spectrum of the composites

3 and 4 shows the presence of Ag with weight % 1.04 and 1.34,

respectively. EDX analysis shows that the weight % of Ag in AgCl/

PANI/PVA composite is high compared to other composites

which this could be related to chloride ions.

The SEM pictures of the composites 1, 3, 4, and filtrate of com-

posite 1 are shown in Figure 4(a–c). From the SEM image, it is

observed that composite 1 display a capsulated morphology

with average particle size ranges between 50 and 160 nm with

the maximum close to 100 nm in polymer matrix. The possible

Figure 5. TEM images of (a) AgCl/PANI/PVA (composite 1), (b) size dis-

tribution of AgCl NPs in AgCl/PANI/PVA nanocomposite.

Figure 6. FT-IR spectrum of (a) pure PVA (b) AgCl/PANI/PVA (compos-

ite 1) (c) Ag Oxides/CSA/PANI/PVA (composite 3) (d) Ag/PANI/PVA

(composite 4) (e) filtrate of composite 1.
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mechanism for the formation of AgCl/PANI/PVA nanocompo-

site can be said the following method:

In HCl medium, chloride (Cl2) ions were adsorbed on the sur-

face of AgNPs and then AgCl NPs acted as first nucleation of

composite and PANI were wrapped around of AgNPs to obtain

capsulated AgCl/PANI nanocomposite in PVA matrix. SEM

image of freeze dried filtrate of composite 1 [Figure 4(b)] shows

porous structure which could be originated from interactions

between PANI and PVA. With changing of acidic media to CSA

[Figure 4(c)] or elimination of acidic media [Figure 4(d)], fused

and aggregated structures of composites were appeared. SEM

images confirm the important effect of acidic medium on the

morphology of resulted composites.

Figure 5 shows the TEM image and histogram of particle size

distribution of AgCl NPs inside of resulted nanocomposite. As

shown in TEM image [Figure 5(a)], AgCl NPs (black spots) are

well dispersed in polymer matrix due to strong affinity of AgCl

for nitrogen and oxygen. The average particle size of AgCl

ranges between 20 and 70 nm with the maximum close to

40 nm. The surrounding PANI isn’t distinguished because of

high interaction between PANI and PVA.

Figure 6 shows the FT-IR spectra of composites 1, 3, 4, filtrate

of composite 1 and a pure PVA sample as a reference in 400 to

4000 cm21 region. The pure PVA sample [Figure 6(a)] shows

the typical CAH alkyl stretching band at 2926 cm21 and the

hydrogen bonded hydroxyl band at 3400 cm21. The peak at

1096 cm21 is related to the CAO stretching vibration of the

secondary alcohol (CHAOH) of PVA.21 The characteristic bands

of PVA were appeared in the FT-IR spectra of composites and

this represents the presence of PVA [Figure 6(b–e)]. For the

composites 1, 3, and 4, it was noticed there was a shift and a

decrease in the peak intensity at 3400 cm21 which could be

related to the presence of PANI [Figure 6(b–d)]. For the

Figure 7. (a) Cyclic voltammograms of AgCl/PANI/PVA/GC in the poten-

tial scan rates in the range of 25–350 mV s21. (b) Dependence of the

anodic currents of AgCl/PANI/PVA/GC on scan rates in PBS (pH 7.4).

Figure 8. Cyclic voltammograms of the (a) bare GCE in the presence of

100 mM of DA (b) AgCl/PANI/PVA/GC in the absence (c), and presence

of 100 mM of DA, scan rate is 50 mVs21.
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composites, there were also new peaks assigned to PANI.25 The

characteristic bands at 1570 and 1491 cm21 correspond to C@C

stretching of the quinoid and benzoid rings, respectively.25 The

CAN and C@N stretching modes were appeared at 1298 and

1240 cm21, respectively. The absorption peak at 1141 cm21 is

assigned to the in-plane bending of C-H, and the peak at

821 cm21 is attributable to CAH bending vibration out of the

plane of the para-disubstituted benzene rings.33 In the FT-IR

spectra of filtrate of composite 1 were appeared characteristic

peaks of PANI with low intensity which could be related to

interactions between PVA and PANI [Figure 6(e)].

Cyclic voltammetric experiments were performed to test the

electroactivity of the AgCl/PANI/PVA nanocomposite. The bare

GCE was previously tested in different pH phosphate buffer sol-

utions (PBS) before the AgCl/PANI/PVA nanocomposite was

drop-coated onto it. It presents no redox process in the poten-

tial range studied. To assure diffusion of the solution into the

interlayer space and to permit better ionic exchange, the work-

ing electrode coated with the nanocomposite is immersed in the

electrolyte solution for 20 min prior to the measurement. Figure

7 shows the effect of the potential scan rate (v) on the peak cur-

rent for the AgCl/PANI/PVA modified electrode in the range of

25–350 mV s21 in 0.1M PBS (pH 5 7.4). With the increase in

scan rate, the anodic and cathodic peak currents increase. The

anodic peak currents for nanocomposite increase linearly with

the scan rate, indicating surface controlled process.34 A broad

peak is observed for the sample with the redox potential at

around 257 mV which is related to the overlap of two redox

processes of leucoemeraldine to emeraldine salt and emeraldine

salt to the pernigraniline state.35

The electrocatalytic activity of AgCl/PANI/PVA nanocomposites

was examined in the anodic oxidation of DA because it is an

important neurotransmitter in mammalian brain system and

the loss of DA-containing neurons may cause serious diseases

such as Parkinson.

The electrochemical behaviors of the bare and modified electro-

des were investigated by cyclic voltammogram (CV) in 0.1M

PBS (pH 7.4) containing 100 mM DA. As shown in Figure 8(a),

Figure 9. (a) Cyclic voltammograms of AgCl/PANI/PVA/GC in the pres-

ence of different DA concentrations. The potential scan rate is 50 mV/s.

(b) Dependency of the anodic current electro-oxidation on DA concentra-

tion in the range of 21.3–141.3 mM.

Figure 10. Differential pulse voltammograms of AgCl/PANI/PVA/GC in

different concentrations of DA.

ARTICLE WILEYONLINELIBRARY.COM/APP

WWW.MATERIALSVIEWS.COM J. APPL. POLYM. SCI. 2015, DOI: 10.1002/APP.4236642366 (7 of 9)

http://onlinelibrary.wiley.com/
http://www.materialsviews.com/


a weak anodic current appeared on the bare GCE with an

anodic peak (Epa) at 670 mV, which indicated the direct elec-

tron transfer of DA on bare GCE was very slow. In contrast, the

anodic current significantly increases for GCE/AgCl/PANI/PVA

electrode in the presence of DA [Figure 8(c)]and oxidation peak

shifted to negative potential (630 mV) and as can be seen in

absence of DA, GCE/AgCl/PANI/PVA shows no peak at 670 mV.

The higher redox current and more negative oxidation potential

suggested that GCE/AgCl/PANI/PVA have good electrocatalytic

ability to the electrochemical reaction of DA.

Increasing of oxidation peak currents with the gradual addition

of DA confirms the catalytic property of the GCE/AgCl/PANI/

PVA in the oxidation of DA (Figure 9). GCE/AgCl/PANI/PVA

exhibits a linear response to DA in the concentration range of

21–141 mM with a correlation coefficient of 0.997 (Figure 9,

inset).

The differential pulse voltammetry (DPV) was used for the

determination of DA under the optimum conditions. Figure 10

shows differential pulse voltammograms obtained at GCE/AgCl/

PANI/PVA in various concentrations of DA. The peak currents

were proportional to DA concentration in the range of 80–250

mM with a detection limit of 17.2 mM (S/N 5 3). A comparison

of the AgCl/PANI/PVA modified electrode with other reported

modified electrodes for DA detection is listed in Table I.16,36–39

It can be seen that the proposed method was fairly sensitive and

has an LOD of 17.3 mM in a neutral solution whereas other

electrode provided lower LODs. But AgCl/PANI/PVA provided

wide linear range for detection of these molecules. It could be

seen that the AgCl/PANI/PVA offered reasonable linear ranges

for DA detection in a neutral solution, while Ag/PANI/GC

showed electrocatalytic activity in acidic condition. DPV and

CV experiments showed that the detection DA by GCE/AgCl/

PANI/PVA is appropriate.

Additional experiments were done to test the stability of AgCl/

PANI/PVA nanocomposite. It was found that no obvious

changes for the catalytic peak current were found for GCE/

AgCl/PANI/PVA in air for 10 days which returns the good sta-

bility of the nanocomposite. In addition, no significant decrease

can be seen after replacing the electrolyte having been used for

100 repetitive cycles with fresh solution. These results indicated

that GCE/AgCl/PANI/PVA is a proper platform for the determi-

nation of DA.

CONCLUSION

Capsule like AgCl/PANI nanocomposite inside PVA matrix was

successfully synthesized through chemical polymerization of ani-

line in the presence of colloidal Ag NPs and HCl medium

(pH 5 3). The resulted Ag NPs from borohydride reduction of

AgNO3 in the presence of 4-ATP could provide more active sites

for the nucleation of polyaniline and also could with chloride

ions were converted to AgCl NPs to obtained AgCl/PANI/PVA.

The preparation of composite was also carried out in the

absence of acid and presence of camphorsulfonic acid as the

acidic medium. XRD analysis and SEM images showed with

changing of acidic medium, agglomerated particles with differ-

ent structures were appeared in comparison with the product

obtained in HCl medium. Furthermore, AgCl/PANI/PVA nano-

composite was immobilized on the GCE and the electroactivity

of nanocomposite was investigated through CV and DPV. The

GCE/AgCl/PANI/PVA showed electrocatalytic activity for the

oxidation of DA in neutral medium. The nanocomposite may

have a great potential in designing sensitive biosensors, biologi-

cal separators, and enzyme immobilization.
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GCE: glassycarbonelectrode; CNTs: carbonnanotubes; MCNTs: multiwallcarbonnanotubes; IL: ionic liquids;GS: graphenesheets; poly(DBA): poly(3,5-
dihydroxybenzoicacid); PTCA-GS: 3,4,9,10-perylenetetracarboxylicacidfunctionalized graphene sheets.
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