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ABSTRACT: In this research, Ag/Polyaniline (PANI) nanocomposites were synthesized successfully by the chemical oxidative polymer-

ization of aniline in the presence of 4-aminothiophenol (4-ATP) capped colloidal Ag nanoparticles (NPs). First, Ag colloidal NPs

were prepared by borohydride reduction of AgNO3 in the presence of 4-ATP as a stabilizer. Then, polymerization of aniline in the

presence of Ag NPs was carried out by ammonium persulfate as an oxidant at room temperature. TEM, SEM, XRD, FTIR, EDX,

TGA, and UV–vis studies were done for the morphological, structural, thermal, and optical characterization of the Ag/PANI nano-

composite. Furthermore, Ag/PANI nanocomposites were immobilized on the surface of a glassy carbon electrode (GCE) and electro-

activity behavior was investigated by cyclic voltammetry (CV) and differential pulse voltammetry (DPV). The obtained Ag/PANI

modified GCE showed high catalytic activity for the oxidation of dopamine (DA) and tyrosine (Tyr). The peak current of differential

pulse voltammograms of DA and Tyr increased linearly with their concentration in the ranges of 2.17–5.74 lM Tyr and 18.5–72.2

lM DA. The detection limits for DA and Tyr were 0.002 and 0.009 lM, respectively. VC 2013 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 000:

000–000, 2013
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INTRODUCTION

Nanocomposites of conjugated conducting polymers and inor-

ganic particles have attracted considerable academic and techno-

logical attention due to their unique physical properties and

applications.1,2 These hybrid nanomaterials are expected to ex-

hibit several synergistic properties between the polymer and the

metal nanoparticles, making them potential candidates for

applications in numerous fields like biosensors,3 sensors,4 catal-

ysis,5 and memory devices.6 The ability to control the shape

and morphology of the nanocomposites is an important factor

for defining their properties.7,8

Conducting polymers such as polypyrrole, polythiophene, and

polyaniline have received much attention in the last two decades

because of their potential use in various fields.9 One of the no-

table features of conducting polymers is that it is possible to

control the electrical conductivity of these polymers over a wide

range from insulating to metallic by proper doping with suitable

dopants.10,11 Polyaniline (PANI) is one of the most important

conducting polymers due to its high stability, ease of

preparation, low monomer cost, high conductivity, different re-

dox states, and a large variety of applications especially in light-

emitting diodes, electronic devices, and chemical sensors.12,13

On the other hand, metal nanoparticles such as silver (Ag) and

gold (Au) have attracted much attention due to their unique

physical high electrical and thermal conductivity, excellent sur-

face-enhanced Raman scattering effect, chemical properties,

electrocatalytic ability, and superior performance in technologi-

cal fields.14 The products containing silver nanoparticles have

been commercially available for over 100 years and been utilized

in applications as various as pigment, photography, wound

treatment, conductive/antistatic composite, catalyst, nanosensor,

and biocide.15,16 As physical and chemical properties of these

nanostructures depend on their size and shape, various

approaches were developed to synthesize of non-agglomerated,

uniform nanoparticles.17–19 To obtain uniform nanoparticles

with a well-controlled mean size and a narrow size distribution,

it is necessary to use different capping molecules such as alkyl

thiol, which binds on the surface of nanoparticles, and avoiding

their aggregation.20

VC 2013 Wiley Periodicals, Inc.
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Although many groups have synthesized polyaniline/silver nano-

composites by utilizing various methods, it is still a challenge to

explore the various interesting properties of nanocomposites.

For example, Gupta et al.21 have synthesized PANI/Ag nano-

composites by polymerization of aniline in the presence of neg-

atively charged silver nanoparticles. Khanna et al.22 have

prepared polyaniline/silver nanocomposites via in situ reduction

of silver salt in aniline by mild photolysis. Shengyu et al.23 have

synthesized Ag/PANI core–shell nanocomposites successfully via

in situ chemical polymerization of aniline based on mercapto-

carboxylic acid capped Ag nanoparticles colloid. Sun et al.24

have synthesized silver nanoparticles (NPs) using 4-ATP as sta-

bilizer, and assembled the silver NPs onto the plasmid DNA

through electrostatic interactions. To the best of our knowledge,

this is a first report on synthesizing of silver/PANI nanocompo-

sites through in situ polymerization of aniline in the presence of

4-ATP capped silver NPs. We selected 4-ATP capped silver

nanoparticles because 4-ATP molecules act not only as capping

agent but also amino groups of 4-ATP can be converted to cat-

ion radicals in the presence of oxidant, then polymerization

continues with aniline to give Ag/PANI nanocomposites. On the

basis of the excellent electrochemical behavior and catalytic

property of PANI, it is reasonable to suggest that the resultant

composites might be used to construct a kind of electrochemi-

cal sensor. Thus, the obtained Ag/PANI composite were immo-

bilized on the surface of a glassy carbon electrode and it was

found that the Ag/PANI modified electrode showed enhanced

electrocatalytic activity for the oxidation of dopamine and tyro-

sine. The morphology, optical properties, thermal stability, and

composition of the obtained Ag/PANI composites were charac-

terized by scanning electron microscopy (SEM), transmission

electron microscopy (TEM), energy-dispersive spectroscopy

(EDX), ultraviolet visible spectroscopy (UV–vis), X-ray diffrac-

tion (XRD), Fourier transform infrared spectroscopy (FTIR),

and thermogravimetric analysis (TGA).

EXPERIMENTAL

Materials and Methods

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

thiophenol (4-ATP), hydrochloric acid (HCl), sodium borohy-

dride (NaBH4), silver nitrate, 1-methyl-2-pyrrolidone (NMP),

tyrosine (Tyr), 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 morphology of the samples is also

studied by a SEM (HITACHI, 4160) on Au substrate. X-ray

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

Scheme 1. Synthetic procedure for Ag/PANI nanocomposite.

Figure 1. UV–vis spectrum of A: (a) 4-ATP capped Ag NPs colloid and

(b) Ag/PANI nanocomposites dispersed in ethanol absolute and B: 4-ATP/

PANI nanospheres dissolved in NMP.
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diffractometer with Cu Ka radiation, at a 10�/min scanning

speed from 2� to 90� (in 2h). Ultraviolet visible (UV–vis)

absorption spectra were taken using a SHIMADZU (UV-

1601PC) spectrophotometer. Nanocomposites were dispersed

in ethanol and 4-ATP/PANI was dissolved in NMP. All Fourier

transform infrared (FTIR) spectroscopic measurements were

performed on a Bruker model Tensor Fourier transform spec-

trometer in the range of 400–2000 cm21 using KBr pressed

disks. Thermogravimetric analysis (TGA) was carried out on a

METTLER-TOLEDO-(TGA/SDTA 851) instrument from 50–

800�C with a heating rate of 10�C min21 in N2 atmosphere.

The electrical conductivity of the samples was measured by a

standard four-probe method on pressed pellets of samples pre-

pared at the room temperature using an Azar Electric Co.

instrument (Iran). Electrochemical experiments were con-

ducted using Autolab instrument (PGSTATE12) in a three-

electrode system. All electrochemical experiments were per-

formed 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 reference, and the Ag/PANI modified glassy carbon elec-

trode (GCE) as the working electrode. All experimental solu-

tions were deaerated by bubbling highly pure nitrogen for 10

min, and a nitrogen atmosphere was kept over the solutions

during electrochemical measurements.

Synthesis of Ag Nanoparticles

4-ATP capped silver nanoparticles were prepared in a water-

ethanol system according to the literature.24 A 2 mL 4-ATP

ethanol solution (1 mM) was injected dropwise to 20 mL silver

nitrate (0.5 mM) solution under vigorous stirring. After the

dissolution of 4-ATP, 0.4 mL of freshly prepared aqueous so-

dium borohydrid solution (10 mM) was injected dropwise

into the solution under vigorous stirring. Then, the silver clear

black brown colloids were centrifuged twice at 5000 rpm for

20 min and the obtained precipitates were removed by

centrifuging.

Synthesis of Ag/PANI Nanocomposites

The Ag/PANI nanocomposites were synthesized by in situ chem-

ical polymerization in the following manner: 0.2 g (2.1 3

1023mol) of aniline was added to Ag NPs colloid solution,

keeping the molar ratio of AgNO3 to aniline as 1 : 100. After

the dissolution of aniline, 0.46 g (2.1 3 1023mol) of ammo-

nium persulfate as oxidant was added to reaction mixture and

maintained under magnetic stirring for 20 h at the room tem-

perature. The product was filtered and thoroughly washed with

deionized water and methanol to remove non-reacted mono-

mer, oligomer, and excess of oxidant until the filtrate turned

colorless. Obtained composites were dried in vacuum at 40�C
for 24 h.

Synthesis of 4-ATP/PANI Nanospheres

For comparison, 4-ATP/PANI nanospheres were synthesized

according to a similar procedure used for Ag/PANI

Figure 2. XRD pattern of (a) Ag/PANI nanocomposites and (b) 4-ATP/

PANI nanospheres.

Figure 3. EDX analysis of (a) Ag/PANI nanocomposites and (b) 4-ATP/

PANI nanospheres.
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nanocomposites. A 2 mL of 4-ATP ethanol solution (1 mM)

was added to 20 mL deionized water and it was adjusted at pH:

3.5 with HCl solution (0.1M), then was added 0.2 g (2.1 3

1023mol) of aniline and 0.46 g (2.1 3 1023mol) of APS,

respectively. The mixture of reaction was maintained under

magnetic stirring for 20 h at the room temperature. The prod-

uct was filtered and washed with deionized water and methanol,

then was dried in vacuum at 40�C for 24 h.

Preparation of Ag/PANI Modified Glassy Carbon Electrode

The glassy carbon electrode (GCE) was polished with alumina

slurry followed by a rinse with deionized water and then

allowed to dry at the room temperature. Ag/PANI were dispersed

in distilled water to form a 2.0 mg/mL solution, and then 5 lL of

colloidal solution was dropped onto the pre-treated GCE surface

and allowed to dry under ambient conditions.

RESULTS AND DISCUSSION

Synthesis and Characterization of Ag/PANI Nanocomposites

and 4-ATP/PANI Nanospheres

Ag coated PANI nanocomposites were successfully synthesized

through in situ polymerization in the presence of 4-ATP caped

silver nanoparticles. The synthesis procedure and possible

mechanism for formation of Ag/PANI nanocomposites is

shown in Scheme 1. 4-ATP not only acted as an anchor agent,

but also prevented the aggregation of PANI efficiently. The

prepared solution of silver nanoparticles displayed a weak

acidity, so it was possible that the free amino was positively

charged. 4-ATP molecules with reactive terminal groups

(NH3
1) acted as ligands which were highly prone to oxida-

tion.25 4-ATP radical cations acted as a point of nucleation to

initiate the polymerization reaction of aniline monomer lead-

ing to the formation of the core–shell structure. The concen-

tration of silver nitrate, 4-ATP ethanol solution, the reaction

time, the velocity and time of centrifuge had fundamental effect

on the stability of 4-ATP capped silver nanoparticles.24 In poly-

merization of aniline in presence of Ag NPs, with the addition of

HCl aqueous solution of ammonium persulfate to mixture, a col-

orless solution was appeared that gradually turned blue. Although

the amine groups of 4-ATP are almost fully ionized at pH lower

than 3 but the silver nanoparticles is easier to flocculate under

such conditions.26 Therefore, polymerization of PANI was carried

out in the presence of positively charged silver nanoparticles with-

out the addition of acid.

Figure 1 shows the UV–vis absorption spectra of Ag NPs,

Ag/PANI nanocomposites, and undoped 4-ATP/PANI nano-

spheres [Figure 1(A,B)]. 4-ATP-stabilized colloidal Ag NPs ex-

hibit absorption peaks at 204, 250, and 421 nm which are

related to n–p*, p–p* and surface Plasmon resonance (SPR),

respectively [Figure 1(A-a)].27 It is well known that the SPR

bands of metal nanoparticles are sensitive to a number of

factors, such as particle size, shape, and the nature of the

Figure 4. SEM images of (a) 4-ATP/PANI nanospheres and size distribution

of 4-ATP/PANI nanospheres (inset), and (b) Ag/PANI nanocomposites.

Figure 5. TEM images of Ag/PANI nanocomposites. Size distribution of

Ag/PANI nanocomposites (inset).
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surrounding media.28 Characteristic peaks of Ag/PANI nano-

composites were appeared at 270 and 370 nm which are

attributed to p–p* transitions [Figure 1(A-b)].23 In Figure

1(A-b), the characteristic peaks for the polaron–p*, p–po-

laron transitions of polyaniline and the SPR peak of the Ag

NPs are absent [Figure 1(A-b)] which this could be related

to the strong interaction between Ag NPs and PANI.29 The

characteristic peaks of 4-ATP/PANI were appeared at 300

and 600 nm that shows PANI is in an undoped state [Fig-

ure 1(B-c)].30

The X-ray diffraction patterns of the Ag/PANI nanocomposites

and 4-ATP/PANI nanospheres are shown in Figure 2. In XRD

pattern of the Ag/PANI nanocomposites [Figure 2(a)], diffrac-

tion peaks at 2h 5 13�, 20.5�, and 25� are ascribed to the perio-

dicity parallel and perpendicular of the PANI chains,

respectively.31 Another four diffraction peaks at 38�, 44�, 64�,
and 77� are related to (1 1 1), (2 0 0), (2 2 0), and (3 1 1)

Bragg’s reflection of silver structure.14 XRD patterns of NPs

show several different size-dependent features leading to anoma-

lous peak positions, heights, and widths.32–34 The average parti-

cle sizes (D) were calculated from the Ag (1 1 1) diffraction line

using Scherrer’s equation, D 5 kk/b cos h, where k is particle

shape factor (generally taken as 0.89), k is the wave length of

Cu Ka radiation (k 5 1.54 Å), h is the diffraction angle, and b
is the full width at half maximum (FWHM) of the diffraction

peak.23 The calculated average size of silver is about 26 nm

(FWHM 5 0.326�), which is consistent with the result of the

TEM. These results confirmed the presence of Ag NPs in

resulted Ag/PANI nanocomposites. The XRD pattern of PANI

nanospheres shows characteristic peaks of polymer chains at 2h
5 13�, 20.5�, and 25� [Figure 2(b)].

Figure 6. FT-IR spectrum of (a) 4-ATP/PANI nanospheres and (b) Ag/

PANI nanocomposites.

Figure 7. TGA thermograms of (a) 4-ATP/PANI nanospheres and (b) Ag/PANI nanocomposites. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]
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The elemental compositions of the Ag/PANI nanocomposites

and 4-ATP/PANI nanospheres are shown by EDX analysis in

Figure 3(a) and (b), respectively. The presence of silver and sul-

fur were confirmed by selected area EDX studies.

Figure 4 shows the morphology of the 4-ATP/PANI [Figure

4(a)] and Ag/PANI nanocomposites [Figure 4(b)]. From the

SEM image, it is observed that 4-ATP/PANI display sphere mor-

phology with average particle size ranges between 50 and 160

nm with the maximum close to 100 nm [Figure 4(a), inset].

Also from Figure 4(b), it can be seen that Ag/PANI nanocom-

posites display fused sphere morphology.

Figure 5 shows the TEM image [Figure 5(a)] and histogram of

particle size distribution of Ag/PANI [Figure 5(b)]. Core–shell

nanocomposites and PANI nanospheres were shown in TEM

image of Ag/PANI nanocomposites [Figure 5(a)]. The TEM

image shows that in core–shell structure, the Ag nanoparticles

with a mean diameter of ca. 25 nm are the cores of the nano-

composites and the polyaniline as the shell wraps of the Ag

nanoparticles. The graph [Figure 5(b)] shows that average

particle size ranges between 20 and 90 nm with the maximum

close to 40 nm.

Figure 6 shows the FT-IR spectra of Ag/PANI nanocomposites

and 4-ATP/PANI nanospheres in 400 to 4000 cm21 region. The

FT-IR measurement of 4ATP/PANI represents peaks at 1581 and

1500 cm21 correspond to C5C stretching of the quinoid and

benzoid rings, respectively [Figure 6(a)]. The characteristic bands

at 1298 and 1240 cm21 represent C–N and C5N stretching

modes, respectively. The absorption peak at 1147 cm21 is assigned

to the in-plane bending of C–H, and the peak at 825 cm21 is at-

tributable to C–H bending vibration out of the plane of the para-

disubstituted benzene rings.35 The infrared spectrum of the Ag/

PANI nanocomposites is similar to the 4-ATP/PANI and confirms

the formation of PANI in composites.

Thermal stability testing was carried out using TGA. Figure 7

shows a comparison of the mass losses between 4ATP/PANI

nanospheres [Figure 7(a)] and Ag/PANI nanocomposites [Fig-

ure 7(b)]. In Figure 7(a,b), the initial mass loss is due to the

loss of water molecules, the next mass loss may be attributed

Figure 8. A: Cyclic voltammograms of the (a) Ag/PANI/GC in the absence and (b) presence of 30 lM of DA. B: Cyclic voltammograms of the (a) Ag/PANI/GC

in the absence and (b) presence of 50 lM of Tyr. C: Cyclic voltammograms of 30 lM DA and 50 lM Tyr at surface of Ag/PANI/GC. Scan rate is 50 mV s21.
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to the loss of oligomer and the subsequent mass loss occurred

due to the degradation of the polymer chain.36 Rapid mass

loss occurs at around 600�C due to rapid degradation of poly-

mer chain.37 The remaining masses of 4ATP/PANI nanospheres

and Ag/PANI nanocomposites at 800�C are 59and 11%,

respectively. The inferior thermal stability of Ag/PANI compo-

sites is due to the presence of Ag–S covalent bond in their

structure.

Electrical conductivity of 4-ATP/PANI nanospheres and Ag/

PANI nanocomposites was measured by a standard four-probe

method. The electrical conductivity of 4-ATP/PANI nanospheres

(5.69 S cm21) was higher than conductivity of Ag/PANI nano-

composites (1.74 S cm21). This can be justified considering the

fact that during the synthesis of the composite, solution of silver

nanoparticles was added which provides a reducing atmosphere.

This is further supported by the fact that a higher amount of

oxidizing agent is required during the synthesis of Ag/PANI

composites. Due to these reasons, polyaniline in Ag/PANI is in

a relatively reduced state as compared to 4ATP/PANI nano-

spheres.38 It is a well known fact that the conductivity of polya-

niline is highly dependent on the oxidation state of the polymer

and that the half oxidized emeraldine salt form is the conduct-

ing state of polyaniline.37

Electrocatalytic Oxidation and Determination of Dopamine

and Tyrosine Using Ag/PANI Nanocomposites

Dopamine (DA), a simple organic chemical in the catechol-

amine family, is an important neurotransmitter in mammalian

brain system that is responsible for reward-driven learning, and

the loss of DA-containing neurons may cause serious diseases

such as Parkinson. Tyrosine (Tyr) is a non-essential amino acid

used by cells to synthesize proteins and dopamine can be pro-

duced from tyrosine metabolism. Therefore, the detection of

DA and Tyr has been a subject of significant interest. PANI

shows good electrochemical behavior and are applied to the

field of chemically modified electrodes. In this study, Ag/PANI

nanocomposites were immobilized onto the surface of a glassy

carbon electrode (GCE), which leads to the efficient electrocata-

lytic oxidation of DA and Tyr. The GCE was previously tested

in PBS buffer (pH 5 3) before nanocomposites were drop

coated on it. It presented no redox process in the potential

range applied. The working electrode coated with Ag/PANI

nanocomposites was immersed in the electrolyte solution for 20

min prior to the measurement to ensure the diffusion of the so-

lution to the interlayer space and permit better ionic exchange.

The cyclic voltammograms were recorded for DA and Tyr at

Ag/PANI electrode and are shown in Figure 8. As it can be

seen, at the surface of the modified electrode, oxidations of DA

and Tyr are irreversible processes. These results indicate that the

electron transfer rate is quite slow. Such sluggish electron trans-

fer kinetics is due to the electrode fouling caused by the deposi-

tion of DA and Tyr and their oxidation products.

In addition, at modified electrode, oxidation of these compounds

resulted in a typical electrocatalytic response. Also, in the presence

of DA and Tyr, it was observed that the anodic current and the

associated anodic charge increased drastically, while the cathodic

current and the corresponding charge decreased.

Figure 9(A) and (B) show that upon increasing DA and Tyr

concentration its irreversible oxidation develops in the region of

the electrochemical formation of Ag/PANI. It is observed that

any increase in the concentration of compounds causes a pro-

portional almost linear enhancement of the anodic wave [Figure

9(A,B)]. It is observed that in the presence of DA and Tyr the

anodic current increases while the cathodic current decreases

and the charges associated with the processes also behave

accordingly to the extent of 17.03 and 20.98%, respectively. The

tolerance limit was defined as the molar ratio of the additive/

drugs causes an error less than 5.1 and 4.4% for determination

of 30 and 50 lM DA and Tyr, respectively.

The differential pulse voltammograms (DPV) recorded for DA

and Tyr at modified electrode is shown in Figure 10. The DPVs

Figure 9. A: Cyclic voltammograms of Ag/PANI/GC in the presence of

different concentrations of DA. The potential scan rate is 50 mV s21.

Inset: dependence of the anodic current electro-oxidation on DA concen-

tration in the range of 10–80 lM. B: Cyclic voltammograms of Ag/PANI/

GC in the presence of different Tyr concentrations. The potential scan

rate is 50 mV s21. Inset: dependency of the anodic current electro-oxida-

tion on Tyr concentration in the range of 10–130 lM.
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of DA and Tyr at modified electrode show excellent improve-

ment in oxidation peak currents for DA and Try. Therefore, DA

and Tyr could be more accumulated on the electrode surface.

Consequently, Figure 10 indicates that the application of Ag/

PANI leads to enhance of current sensitivity and selectivity in

simultaneous detection of DA and Tyr.

To verify the linear relationship between anodic peak cur-

rents Tyr and DA concentrations, several calibration curves

were constructed under optimum conditions. Figure 11

shows differential pulse voltammograms obtained at

Ag/PANI in various concentrations of Tyr and DA. A linear

dynamic range with a calibration equation of Ip (lA) 5

0.005c (lM) 1 0.3618 (R2 5 0.9934), and a detection limit

of 0.002 lM (S/N 5 3) was obtained for DA. A linear rela-

tionship was found for Tyr with a calibration equation of Ip

(lA) 5 0.0338c (lM) 1 0.3668 (R2 5 0.9966) and a detec-

tion limit of 0.009 lM [Figure 11(B)].

The results obtained by this modified electrode are com-

pared in Table I with previously reported modified elec-

trode.38–46 Ag/PANI/GC is different from other reported

electrodes such as: simplicity and low cost construction,

LOD, selectivity, and linear range. In terms of LOD, the

proposed sensor posses an LOD of 1.4 and 2.1 lM for Tyr

and DA, respectively, whereas other electrode provided

lower LODs. But Ag/PANI/GC provided wide linear range

for detection of these molecules. Generally, it could be seen

that the Ag/PANI/GC offered reasonable linear ranges

for Tyr and DA detections and the detection limit was

lower than some of previous reports. These results indicate

that Ag/PANI/GC is an appropriate platform for the deter-

mination of Tyr and DA. With the manufacture of more

Tyr and DA electrochemical sensors, it was found that

Tyr and DA have lower detection potentials on Ag/PANI/GC

which is important in practical chemical analyses.

Therefore, the detection of Tyr and DA by Ag/PANI/GC is

appropriate.

The repeatability of the modified electrode was investigated

by recording CVs in different immerse time of electrode on

Figure 10. Differential pulse voltammograms of 0.0114 lM Tyr, and

0.0176 lM DA at Ag/PANI/GC.

Figure 11. A and B: Differential pulse voltammograms of Ag/PANI/GC in different concentrations of Tyr and DA, respectively.
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buffer solution. When the modified electrode was stored in

buffer solution for different time (10–80 min), the current

response decreased 2.5% after about 80 min. Furthermore,

the current response of the modified electrode in buffer so-

lution, after 100 rounds of cyclic scanning was almost

unchanged. It proved the good stability of the modified

electrode. The GC electrode modified with polymer nano-

composite imparts a higher stability onto voltammetric

measurements of analyte.

CONCLUSION

In summary, we synthesized Ag/PANI nanocomposites via in

situ chemical oxidation polymerization of aniline based on

4-ATP capped silver nanoparticles. TEM and SEM images

confirm the formation of core/shell Ag/PANI composites and

PANI nanospheres. The presence of Ag nanoparticles in

resulted nanocomposites could be observed from XRD and

EDX analysis. The diameter of Ag/PANI nanocomposites

obtained from XRD and TEM was around 40 nm. TGA

results indicated that 4-ATP/Polyaniline nanospheres were

more thermally stable than Ag/PANI nanocomposites. Fur-

thermore, this kind of nanocomposites was applied to the

preparation of a new chemically modified electrode. The Ag/

PANI modified electrode showed enhanced electrocatalytic

activity for the oxidation of DA and Ty. The nanocomposites

may have potential application in biological separation,

enzyme immobilization, and biosensors.
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