
INTRODUCTION

Recently, there has been increasing interest to the develop-

ment of organic/inorganic hybrid materials on nanometer scale

has grown due to their wide range of potential applications1,2.

Nanocomposite materials composed of conducting polymers

and metal oxides have opened more fields of applications such

as drug delivery, conductive paints, rechargeable batteries,

toners in photocopying, smart windows, etc.3. Inorganic fillers

at nanoscale exhibit quite different electronic and optical prop-

erties from those of their bulk state. It is expected to obtain a

new composite material that has synergetic or complementary

behaviors between the polymer and inorganic material.

Conducting polymers provide tremendous scope for tuning

of their electrical conductivity from semiconducting to metallic

region by way of doping4 and are organic electro-chromic

materials with chemically active surface. Among the conduc-

ting polymers, polyaniline is one of the promising polymers

due to high conductivity, simple synthesis procedure, good

environmental stability and reversible acid base chemistry in

aqueous solution and large variety applications5,6.

Nanosized inorganic semiconductor materials have

attracted considerable interest in recent years. Among the

inorganic semiconductors, ZnO is a wide band gap semicon-
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ductor (3.37 eV) with an exciton binding energy of 60 meV,

which permits laser emission at room temperature. This large

band gap is suitable for the use of ZnO to collect high-energy

photons (UV light). These attractive physical properties made

ZnO a potential candidate for the optoelectronic applications7.

In addition, nanoscale ZnO has been found to exhibit marked

antimicrobial activity and the use of metal oxide as an antimi-

crobial agent has the advantages of improved safety and

stability as compared to organic antimicrobial agents8.

There are several studies reporting the synthesis, morpho-

logy, optical, electrical and photocatalytical properties of ZnO/

polyaniline nanocomposites9-16. However, most conducting

polymers suffer from some limitations. For example, polyaniline

with alkyl substituents presents limitations that are imposed

on the conductivity of the produced polymer despite its

solubility being improved when compared with polyaniline.

Efforts have been made towards the design of new conducting

materials. In this way, the conductivity of polyanilines and

the solubility of substituted polyanilines can be achieved by

copolymerization17. Copolymerization allows chemical modifi-

cation as well as the introduction of specific functional groups

to side substituents to control the physicochemical properties

of materials18. As one of the influential derivatives of polyaniline,

poly(o-anisidine) (PoAs) has been widely synthesized by
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chemical oxidative polymerization19. Among the conducting

copolymers, poly(Ani-co-oAs) has attracted much attention

due to its solubility and film forming property19. Recently,

nanocomposites of conducting copolymers with inorganic

fillers were prepared for various applications20-26. Even though,

there are few reports on the synthesis of nanocomposites

composed of polyaniline and its derivatives with inorganic

fillers, there is no report on the synthesis of poly(Ani-co-oAs)/

ZnO nanocomposite.

In this study, we describe the synthesis, photocatlytic and

antimicrobial activities of poly(Ani-co-oAs)/ZnO nanocomposite.

The ZnO nanoparticles used in this study to produce nanocom-

posite are synthesized by thermal decomposition method. The

nanocomposite is characterized by SEM, TEM, XRD, FTIR,

UV-visible and TGA. In addition, the conductivity of nanocom-

posite is also measured.

EXPERIMENTAL

Aniline, o-anisidine, zinc(II) nitrate hexahydrate, benzoic

acid and hydrazine monohydrate were purchased from Aldrich.

Ammonium persulfate and all other organic reagents were of

analytical grade and used without further purification.

Synthesis of ZnO nanoparticles: ZnO nanoparticles were

synthesized according to the procedure given in the literature22.

In a typical experiment, 0.01 mole of zinc(II) nitrate hexa-

hydrate and 0.02 mol hydrazinium benzoate were mixed in situ

with constant stirring. The resulting mixture was concentrated

to one third of its volume. The mixture was cooled, filtered,

washed with alcohol and dried. Thus the precursor complex,

zinc benzoate dihydrazinate formed was taken in a clean silica

crucible and heated to 200 °C (for 2 h) during which the complex

decomposed completely to produce the ZnO nanoparticles.

Synthesis of poly(Ani-co-oAs)/ZnO copolymer: Mono-

mers, aniline (0.93 g, 0.1 M) and o-anisidine (1.23 g, 0.1 M)

were dissolved in 100 mL of a 0.1 M hydrochloric acid (HCl).

Then, ammonium persulfate (2.28 g, 0.1 M) dissolved in 100

mL of a 0.1 M HCl solution was added dropwise and stirred

continuously for 24 h to complete the reaction. The resulting

product was thoroughly washed with deionized water until

the solution turned colorless. The product was dried in a

vacuum oven at 50 °C for 24 h.

Synthesis of poly(Ani-co-oAs) nanocomposite: In a

typical experiment, monomers, aniline (0.93 g, 0.1 M) and

o-anisidine (1.23 g, 0.1 M) were dissolved in 100 mL of a

0.1 M HCl. ZnO nanoparticles (5 and 10 % w/w based on the

comonomer content) were then dispersed in the solution by

intense stirring for 0.5 h. Finally, ammonium persulfate (2.28

g, 0.1M) dissolved in 100 mL of a 0.1 M HCl solution was

added dropwise and stirred continuously for 24 h to comp-

lete the reaction. The resulting product was thoroughly washed

with deionized water until the solution turned colorless. The

product was dried in a vacuum oven at 50 °C for 24 h. The

nanocomposite containing 10 % ZnO was chosen for this study

because of its significantly higher conductivity than the 5 %

nanocomposite.

Photocatalytic activity: Methylene blue dye was used

as a probe molecule to evaluate the photocatalytic activity of

nanocomposite. The photocatalytic reaction was conducted at

room temperature under UV light at a wavelength of 365 nm.

The 10 ppm methylene blue solution was prepared in 100 mL

of deionized water. Then, 0.5 g of the nanocomposite powder

was added to the methylene blue solution with uniform stirring.

Prior to irradiation, the suspension was magnetically stirred

in the dark for 0.5 h to establish the adsorption/desorption

equilibrium of methylene blue. A 10 mL of the sample was

withdrawn for every 1 h. Before analysis, the suspension was

centrifuged to remove any suspended solid catalyst particles.

The residual concentration of dye was measured using a

Shimadzu 2450 UV-visible spectrophotometer.

Antimicrobial activity: The antimicrobial activity of

poly(Ani-co-oAs)/ZnO nanocomposite was examined by a

paper disc method. The bacterial species Staphylococcus

aureus, Pseudomonas aeruginosa, Escherichia coli and the

fungal species Aspergillus niger, Aspergillus flavus used in

this study were the sequenced strains. All disks and materials

were sterilized in an autoclave before the experiment and all

antibacterial tests were carried out in triplicate. Overnight

cultures were re-grown to an optical density at 600 nm of 1.0

and about 104 cells per plate was spread on Muller Hinton

agar for antibacterial studies and Sabourands dextrose agar

for antifungal studies. 20 µL stock solutions of nanocomposite

(50 µg mL-1) in ethanol were dispensed on sterile paper discs

(Whatman No.1) of 6 mm diameter. Plates were incubated at

37 °C for overnight and the antimicrobial activity of nanocom-

posite was evaluated by measuring the zones around the discs.

Ethanol was used as a control sample.

Characterization: UV-visible spectrum of the diluted

nanocomposite dispersion in the 200-800 nm range was

obtained using a Shimadzu 2450 spectrophotometer. Micro-

scopic images of nanocomposites were obtained by a JEOL

6390 scanning electron microscope (SEM). The samples were

gold-coated prior to examination. TEM images were obtained

on a transmission electron microscope (JEOL-2010) operated

with an accelerating voltage of 200 kV. The sample was prepared

as follows: a small amount of the nanocomposite sample was

dispersed in alcohol under ultrasonication for 5 min. One drop

of the dilute suspension was deposited on a copper grid coated

with a carbon membrane. FT-IR characterizations were perfor-

med using a Shimadzu spectrometer. Room temperature

conductivities of the pressed pellets were measured using a

standard four-point probe method (Keithley model 196 system

digital multimeter). Thermogravimetric analysis (TGA) was

performed on a TG/DTA EXSTAR 6000 series from room

temperature to 700 °C at a heating rate of 10 °C/min under

nitrogen atmosphere. The phase and crystallinity were charac-

terized using a Shimadzu 6000 X-ray diffractometer with CuKα

radiation in the 2θ range of 10-80°.

RESULTS AND DISCUSSION

The synthesis and characterization of ZnO nanoparticles

(15-25 nm) by thermal decomposition method were described

in our previous work22. In this article, we synthesized the

poly(Ani-co-oAs)/ZnO nanocomposite by chemical oxidative

polymerization using ammonium persulfate as an oxidant and

HCl as a dopant. The nanocomposite was characterized by

FT-IR, SEM, TEM, UV-visible, TGA and XRD. In addition,

conductivity, photocatalytic property and antimicrobial activity

were discussed.

Vol. 26, No. 2 (2014) Photocatalytic and Antimicrobial Activities of Poly(aniline-co-o-anisidine)/Zinc Oxide Nanocomposite  601



Typical FT-IR spectra of the pure copolymer and nano-

composite with 10 % ZnO are shown in Fig. 1. It is clear that

the copolymer and composite showed similar spectra. The band

centered at 3283 cm-1 was attributed to the characteristic N-H

stretching vibration of a secondary amine27. The bands at 1690

and 1500 cm-1 were assigned to C=C stretching vibrations of

quinoid and benzenoid rings, respectively28. The band at 1298

cm-1 was attributed to the C-N stretching vibration in the

quinoid imine units. The band at 1198 cm-1 was the charac-

teristic peak of polyaniline conductivity and is a measure of

the degree of the delocalization of electrons29. The band

corresponding to out of plane bending vibration of C-H bond

of p-disubstituted rings appeared at 805 cm-1. The appearance

of these IR bands varified the formation of copolymer. In

the nanocomposite, we observed the respective vibrational

bands of the both copolymer and ZnO (The Zn-O band

appeared at 452 cm-1). However, the incorporation of ZnO led

to the obvious shift of some FT-IR bands in the spectrum of

nanocomposite when compared to the pure copolymer. The

shift may be described due to the formation of hydrogen

bonding on the surface of ZnO nanoparticles and -NH-group

of copolymer.

Fig. 1. FT-IR spectra of the pure copolymer and poly(Ani-co-oAs)/ZnO

nanocomposite

Fig. 2 shows the SEM images of pure copolymer and

nanocomposite. It was observed that the as synthesized copoly-

mer (Fig. 2a) showed a typical morphology, whereas the nano-

composite (Fig. 2b) showed a growth of a chain pattern of

copolymer and the ZnO nanoparticles were present between

the junctions of the copolymer chain network. Fig. 2b showed

that the nanoparticles are almost uniform, global and slightly

agglomerated. The phase contrast of the nanocomposite

appears to be less pronounced owing to the engulfment of

ZnO nanoparticles by the copolymer. The micrograph of

nanocomposite revealed a two-phase system where the bright

phase corresponds to the existence of ZnO, while dark phase

constitutes the copolymer.

Fig. 3 depicts the TEM picture of poly(Ani-co-oAs)/ZnO

nanocomposite. The composite particles are almost spherical in

shape, in which ZnO nanoparticles (average diameter of about

15-20 nm) were homogeneously dispersed in the copolymer

Fig. 2. SEM images of the (a) pure copolymer and (b) poly(Ani-co-oAs)/

ZnO nanocomposite

Fig. 3. TEM image of the poly(Ani-co-oAs)/ZnO nanocomposite

matrix. After composite formation, ZnO nanoparticles (dark

shaded) were found to be entrapped in the copolymer chain (light

shaded). Therefore, the nanoparticles were not simply mixed

up or blended with the copolymer; they were rather bound by

the copolymer chain. This may be ascribed that the interaction

of ZnO and copolymer was followed by the formation of

H-bonding between the proton on N-H and the oxygen atom
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on ZnO surface. Generally blending of ZnO nanoparticles with

copolymer may lead to separation in discrete phases. Because

of the smaller dimensions of the ZnO nanoparticles, it is

possible that several ZnO nanoparticles are coalesced to form

large ZnO particles.

Thermal stability of nanocomposite with10 % ZnO was

analyzed by TGA in nitrogen and the result was compared

with the pure copolymer as shown in Fig. 4. All the samples

followed a similar decomposition trend with exhibiting a

gradual weight loss. The initial weight loss step in TGA curve

of the copolymer between 50-120 °C corresponds to the loss

of water and adsorbed HCl. From 150 °C, a continuous degra-

dation occurs until a major decomposition obtained in the

region between 300-450 °C. However, it was found that the

thermal stability of nanocomposite was higher than the pure

copolymer which was obviously related to the existence of

thermally stable ZnO. The residual mass left at 700 °C was

found to be 2 and 15 % for the copolymer and nanocomposite,

respectively.

Fig. 4. TGA curves of the pure copolymer and poly(Ani-co-oAs)/ZnO

nanocomposite in nitrogen

UV-visible spectra of the pure copolymer and nano-

composite are shown in Fig. 5. It is clear that the spectra of

copolymer and composite similarly consisted of two major

absorption bands. The first absorption band in the region of

around 310 nm is characteristic of π-π* transition of the

benzenoid ring of the copolymer. This is related to the extent

of conjugation between the phenyl rings along the copolymer

chain30. The second characteristic band at around 590 nm is

assigned to the localized polarons31. In the nanocomposite,

the exciton absorption at around 335 nm can be assigned to

the intrinsic band-gap absorption of ZnO. However, in the

nanocomposite, the copolymer absorption bands were slightly

shifted. This might be due to the interaction between the

nanoparticles and copolymer chains.

The XRD patterns of pure copolymer and nanocomposite

are shown in Fig. 6. In the pattern,the peak centered at 25.1°

was assigned to the periodicity perpendicular to the copolymer

chain32. In addition, we observed several other sharp peaks at

44.1, 64.5 and 77.6° suggest that the copolymer is semi-crysta-

lline. The XRD pattern of nanocomposite showed the peaks

Fig. 5. UV-visible spectra of the pure copolymer and poly(Ani-co-oAs)/

ZnO nanocomposite

Fig. 6. XRD patterns of the pure copolymer and poly(Ani-co-oAs)/ZnO

nanocomposite

of corresponding copolymer and no additional characteristic

peaks of ZnO nanoparticles were observed. This result may

be attributed to the low ZnO/comonomer ratio and the degree

of polymerization.

The room temperature conductivity of the copolymer and

composites varies over a range from 2.07 × 10-4 S/cm to 7.64

× 10-3 S/cm. The conductivity of copolymer, poly(Ani-co-oAs)

was found to be 2.07 × 10-4 S/cm. The conductivity of nano-

composite was increased by one order of magnitude (1.50 ×

10-3 S/cm) by the introduction of 5 % ZnO. With further

increasing the ZnO content in the nanocomposite to 10 %, the

conductivity increased up to the value of 7.64 × 10-3 S/cm.

The concentration of ZnO nanoparticles significantly affects

the conductivity of resulting nanocomposite. The conductivity

of conjugated polymer based composite nanostructures is

mainly dependent on the doping level of polymer, compact-

ness of the sample, crystallinity, size, morphology of the

nanocomposite and preparation method, etc. The reason for

improvement in conductivity was attributed to the interaction

between ZnO and the copolymer chain which effectively

improves the degree of electron delocalization between the

two components13.
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UV-visible spectra of methylene blue solution with the

photocatalyst, poly(Ani-co-oAs)/ZnO nanocomposite were

recorded before and after varying durations of UV-irradiation

(Fig. 7a). The intensity of the peak at 663 nm corresponds to

the methylene blue, decreased with increasing UV-exposure,

indicating that the methylene blue degraded under UV-irra-

diation. Approximately 97 % of the methylene blue was

degraded by the nanocomposite within 3 h (Fig. 7b). The

enhanced photocatalytic activity was due to the presence of

ZnO nanoparticles in the composite.

(a)

(b)

Fig. 7. (a) UV-visible spectra of methylene blue solution in the presence

of poly(Ani-co-oAs)/ZnO nanocompositeat different UV-irradiation

time and (b) photodegradation of methylene blue

The photo-stability of nanocomposite was investigated

based on its photocatalytic performance under UV-light irra-

diation with three times of cycling, as shown in Fig. 8. It can

be seen that the recycled use of composite for three times does

not conspicuously affect its photocatalytic activity. Apparently,

the composite was stable under the studied conditions and the

photocorrosion effect of ZnO was effectively inhibited by

conducting copolymer.

In general, the kinetics of photocatalytic degradation of

organic pollutant on the semiconducting oxide has been

established and can be described well by the apparent first-

Fig. 8. Photo-stability of nanocomposite after three times of recycling uses

order reaction ln (C0/C) = kapp × t, where kapp is the apparent

rate constant, C0 is the initial concentration of the dye and C is

the concentration of dye at time t. Fig. 9 shows the apparent

rate constant of methylene blue in the presence of photocatalyst

under UV-light irradiation. The linear correlation of the plot

of ln (C0/C) versus time suggested a pseudo first-order reaction

for the dye. The apparent rate constant was determined as 0.017

min-1.

Fig. 9. Apparent rate constant of methylene blue in the presence of the

photocatalyst under UV light irradiation

In this study, an investigation of antimicrobial activity of

poly(Ani-co-oAs)/ZnO nanocomposite was carried out quali-

tatively against the bacterial species S. aureus, P. aeruginosa,

E. coli and the fungal species A. niger, A. flavus using a paper

disc method. A paper disk was wetted with the sample solution

(20 µL). The agar in Petri dish was inoculated with microbial

species and then the paper disk was placed on the Petri dish

and pressed gently. The samples were incubated at 37 °C for

overnight. The presence of a clear zone that formed around

the disc on the plate medium was recorded as an indication of

inhibition against the microbial species (Fig. 10). The clear

zone on the surface of the test specimen was observed by the

naked eye and compared to the ethanol as a control sample.

The clear zone diameter of the microbial inhibition correlated

to the antimicrobial activity of nanocomposite and is given in
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Fig. 10. Pictures of the microbial inhibition zone test of the poly(Ani-co-

oAs)/ZnO nanocomposite against (a) S. aureus, (b) P. aeruginosa,

(c) E. coli, (d) A. niger and (e) A. flavus

Table-1. The nanocomposite exhibited stronger antibacterial

activities against E. coli than against S. aureus and P. aeruginosa.

The lower efficacy against S. aureus and P. aeruginosa may

have been derived from the difference in membrane structure.

Gram-positive and Gram-negative bacteria have different

membrane structures, the most distinctive of which lies in the

thickness of the peptidoglycan layer. The peptidoglycan layer

of the cell walls of Gram-positive bacteria (about 20-80 nm)

is usually thicker than that of Gram negative bacteria (about

7-8 nm)33. The thicker cell wall structures of S. aureus and

P. aeruginosa may hinder the passage of the toxic agent from

solution to the membrane to a greater extent. Hence, the diffe-

rence in antibacterial activity is tentatively attributed to the

differences in cell wall structures, i.e., the permeability and

structural integrity of bacteria membranes34,35. The nanocom-

posite also showed better antifungal activity. They exhibited

stronger antifungal activity againt A. flavus than A. niger.

Although the real mechanism of the antifungal activity of the

ZnO is still uncertain, one possible explanation of the antifungal

effect of ZnO is based on the abrasive surface texture of ZnO.

Nano ZnO has been found to be abrasive due to surface defects.

The penetration of the cell envelope and disorganization of

the fungal membrane upon contact with the ZnO is also

responsible for the inhibition of fungal growth.

Conclusion

We successfully synthesized poly(Ani-co-oAs)/ZnO

nanocomposite by in-situ chemical oxidative polymerization

in the presence of HCl as the dopant. TEM results confirmed

that all the ZnO nanoparticles (with a mean diameter of 15-20

TABLE-1 
ANTIMICROBIAL ACTIVITY OF THE  

POLY(Ani-co-oAs)/ZnO NANOCOMPOSITE 

Species Clear zone diameter (mm) 

S. aureus 20 ± 0.4 

P. aeruginosa 17 ± 0.3 

E.coli 24 ± 0.6 

A. niger 13 ± 0.2 

A. flavus 21 ± 0.5 

 
nm) were encapsulated by the copolymer. XRD patterns

showed that the nanocomposite was semi-crystalline in nature,

similar to the pure copolymer. The nanocomposite showed

higher thermal stability than the pure copolymer due the

existence of thermally stable ZnO. The structural and the

absorption studies demonstrated the shifting and changes in

the relative intensity of the peaks which confirmed the effective

interaction between the copolymer and ZnO through hydrogen

bonding between the imine (-NH) of copolymer and the

hydroxyl (-OH) group of ZnO nanoparticles. The room-tempe-

rature conductivity of nanocomposite was increased by one

order of magnitude with the addition of 10 % ZnO. The nano-

composite catalyst exhibited a high photocatalytic activity of

97 % for the photodegradation of the methylene blue under

UV-light irradiation for 3 h. The results showed that the repeated

use of recycled composite (three times) did not affect its photo-

catalytic activity significantly. The nanocomposite exhibited

good antimicrobial activity against S. aureus, P. aeruginosa,

E. coli, A. niger and A. flavus. The antimicrobial activity

depends on the permeability and penetration rate against the

microbial cell wall.
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