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Abstract

In this study, antibacterial activity of the prepared nanocomposites [poly (o-methoxy-aniline);
POMA] at different concentrations was tested on bacterial strains. Nanocomposites were prepared
by in situ chemical polymerization of ortho anisidine monomer in acidic medium with ammonium
peroxydisulphate (APS) as an oxidant. The composition, structure and morphology of the polymer
and nanocomposites were characterized by Fourier transform infrared spectroscopy (FTIR), x-ray
diffraction (XRD) and ultraviolet-visible (UV-vis) spectroscopy. Different concentrations of nickel
nanoparticles (1%, 2%, 3%, 4%, 5%) were used to confirm the characteristics of the synthesized
nanocomposites. Antibacterial activity was tested against two strains: E. coli and S. typhi.
A significant increase in the antibacterial activity of nanocomposites has been observed with an increase
in concentration of nickel nanoparticles (Ni NPs). Excellent antibacterial activity was observed with
nanocomposite having 5% Ni NPs.
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Introduction

Nanotechnology is the drawing, fabrication,
classification and application of structures, devices
and systems by calculating the size and form at the
nanometre level [1-2]. Nanotechnology is the recognized
powerful tool to explain the deepest and darkest track
of medical science in different ways, such as targeted
drug delivery, sensing, imaging, and artificial implants.
The modern age drugs are made up of NPs from
polymers, ceramics or metals that can fight against
cancer and combat human pathogens such as bacteria
[3-4]. The nanomaterials have a variety of applications
employed nano-filtration, adsorbents of poisonous
compounds and biomaterials [S]. The nanomaterials can
be prepared by hybridization of organic and inorganic
materials, and these hybrid materials can combine the
usual heterogencous properties of both the components
[6-7]. The conducting polymer is among the significant
and capable new group of materials that are being
exercised for many purposes [8-9].

Polyaniline and poly (o-anisidine) have been widely
studied for such devices, which are run by solar
energy due to their photo electrochemical properties.
Polyaniline is commonly known as the most stable
material through the class of conducting polymers. The
methoxy group (-OCH,) is responsible for torsional
angle between o-anisidine and aniline rings, which
exhibits better electro chromic properties as compared
to polyaniline. The solubility of poly (o-anisidine)
was improved within organic solvents by a substituted
methoxy group. Nevertheless, the conductivity of poly
(0-anisidine) was decreased by increasing the side group
[10-16].

In recent years the most important and significant
nano product in the nanotechnology field is silver NPs,
which are widely and significantly used in textiles
and garments, food covering, medicinal and cosmetic
raw material, fresh water, wastewater and to treat air,
pesticides and also in domestic usage [17-24]. Ni NPs
have shown excellent antibacterial properties against
Escherichia coli, Lactobacillus casei, staphylococcus
aureus, Pseudomonas aeruginosa and  Bacillus
subtilis [25-26]. At present, nanocomposites offer new
business opportunities for all areas of technology and
industry in spite of being conservational and green in
nature [27-30]. The inclusion of the substituent in the
polymer framework is one of the common methods to
produce polymers with better properties. The main
objective of the current study is therefore to grab an
opportunity by choosing the poly (o-anisidine) as
substitute to polyanilines for investigating antibacterial
activity.

Materials and Methods

The main reagents include o-methoxy aniline
monomer, APS (Merck), Hydrochloric acid (HCI), Nitric
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Fig. 1. Schematic diagram of the formation mechanism of
POMA-Ni nanocomposite.

acid (HNO,) and 2, 4-diaminodiphenylamine — all of
analytical grade.

The POMA conducting polymer was polymerized
by the chemical oxidative polymerization techniques.
3 g of o-anisidine was dissolved in 10 ml of 1 M
hydrochloric acid and cooled between 0 and 4°C. Later,
a solution of 4 g ammonium persulphate in 10 ml of 1
M hydrochloric acid was added slowly to the o-anisidine
solution. The reaction mixture was stirred continuously
for 12 hours in an ice bath and the dark green precipitates
of the polymer were filtered and washed using deionized
water and methanol to remove the oligomers and other
impurities. The filtered POMA conducting polymer was
dried in an oven at 80°C for 2 hours.

A similar experimental procedure was followed
to synthesize the POMA/Ni nanocomposites, except
when adding Ni NPs at different ratios to the monomer
(o-anisidine). First of all, 3 g of o-anisidine in 10 ml of
IM HCI solution was stirred for 2 hours and Ni NPs were
mixed in the solution in different percentages (1%, 2%,
3%, 4%, 5%). Then the resulting solution was stirred for
30 minutes in an ice bath. The polymerization started
after the addition of APS into the mixture solution of
o-anisidine and Ni NPs. The reaction mixture was
stirred continuously for 12 hours in an ice bath and
the resulting product was filtered and washed using
deionized water and methanol to remove the oligomers
and other impurities, and filtrate was dried in an oven
at 80°C for 120 minutes. Paper discs of 6 mm diameter
were prepared from Whatman filter paper. Different



Investigating the Antibacterial Activity...

4193

dilutions of NPs were taken and 100 microliter water
was added to make a suspension. 10 microliter of each
suspension was added to each disc.

3.4 g of Mueller Hinton (MH) agar was taken in
a flask and 100 ml of distilled water was added to it,
and pH was adjusted to neutral. The flask was covered
and autoclaved. 20 ml of this media was poured into
a petri dish. (1 liter on MH agar contains 30 % beef
infusion 1.75 % casein hydrolysate, 0.15 % starch
and 1.7% agar). 5 grams of MacConkey agar powder
was taken in a flask. 100 ml of distilled water was
added to it. The pH was adjusted to 7.1. The flask was
covered and autoclaved. 20 ml of media was poured
into a petri dish. (1 liter of MacConkey agar contains
peptone - 17 g, protease peptone - 3 g, lactose - 10 g,
bile salts - 1.5 g, sodium chloride - 5 g, neutral red -
0.03 g, crystal violet - 0.001 g, agar 13.5 g, water - add
to make 1 liter; adjust pH to 7.1 +/- 0.2).

The optical absorption spectrum of the prepared
POMA/Ni nanocomposite were measured in the
UV-vis range (200-800 nm) with a Agilent 8454 single-
beam shimadzu UV-1800 double beam. FTIR analyses
of POMA/Ni nanocomposite were recorded with an
Agilent 630 spectrometer. The FTIR spectrum of pure
polymer and nanocomposite samples were recorded and
assignments of absorption peaks were discussed. FTIR
spectroscopy is basically a useful tool and technique for
estimation and to understand the functional group of
any of the organic molecules.

The antibacterial test was performed by the standard
disc diffusion method. Nutrient broth/agar was used to
cultivate the bacteria. MacConkey agar was used for
gram negative bacteria Escherichia coli (E. coli) only.
E. coli can grow on MacConkey but Salmonella Typhi
(S. typhi) cannot grow on MacConkey, so MH media
was used for S. fyphi. The media were autoclaved and
then cooled. The media were poured into petri plates
for 40 minutes. After 40 minutes, the fresh inoculum
(20 ml) of bacteria cultures were spread on to solidified
agar plates. Bacterial cultures were collected from
UVAS university diagnostic lab. Sterile paper discs
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Fig. 2. XRD pattern of synthesized nanomaterial (POMA).

dipped in different dilutions of Ni nanocomposites were
placed in every plate. The agar plates were incubated
at 37°C (310K) for 24 h. After 24 h of incubation,
the zones of inhibition were investigated. Sensitivity
test consideration for the sensitivity and resistance of
bacteria were based on the extent of the presence or
absence zones of growth inhibition, respectively.

Results and Discussion

The XRD pattern of the prepared POMA and
POMA/Ni nanocomposite is shown in Fig. 2. The
pattern shows the broad diffraction peaks at 26 around
7.8° and 23.6° which are attributed to the periodicity
perpendicular to the polymer chains of POMA. In the
case of POMA/Ni nanocomposites, the diffraction
pattern shows the broad peak in the range from 16-27°,
which may be attributed to the characteristic peaks of
POMA and Ni nanocomposites.

The broad peaks were successfully calculated from
diffraction line by using Scherrer’s equation, L=kA/
BcosO, whereas “L” is the mean dimension of the
crystallites, B is the full width at half maximum of
the diffraction peak, 0 is the diffraction angle, A is the
wavelength of the Cu Ka radiation (0.1540 nm), and K is
equal to 0.89 [22].

Fig. 3a) shows that the spectrum exhibits the poly
2-methoxy aniline features at 3380 cm”, which is
attributed to (N-H stretching mode), 1590 cm™' (C=C
stretching modes of quinoid ring), 1470 cm™ (C=C
stretchingmodes of benzenoid rings), 1205 cm™ and
1030 cm™ recognised to stretching vibration of ortho-
methoxy group, 950 cm™ shows in-plane CH vibration
of quinoid ring and 830 cm shows ortho-substituted
benzene ring. Thus the stretching vibrations of methoxy
band in the spectrum clearly shows the presence of
poly-2-methoxy aniline [23]. In Fig. 3b), the spectrum
shows that by the addition of 1% Ni NPs in the polymer
matrix the peak at 3510 cm™ has become deep as well as
wide, which illustrates that a 1% addition of Ni NPs has
enhanced the crystallinity of the polymer.

Fig. 3c) displays that by the addition of 2% Ni NPs
in the polymer matrix the peak at 3510 cm™ is almost
same as in 1%, which illustrates that 2% addition of Ni
NPs has enhanced the crystallinity of the polymer. The
spectrum shows that by the addition of 2% Ni NPs in the
polymer matrix the peak at 1627 Cm™' shows the binding
of Ni NPs with polymer matrix. The peak at 1590 ¢cm’!
is attributed to (C=C) stretching modes of quinoid ring.
In Fig. 3d), the spectrum shows that by the addition of
3% Ni NPs in the polymer matrix, the charcteristics
peak was observed at 1248 cm’!, which illustrates that
3% addition of Ni NPs has enhanced the crystallinity of
the polymer. The spectrum shows that by the addition
of 3% Ni NPs in the polymer matrix the peak at 1627
cm shows the binding of Ni NPs with polymer matrix.
The peak at 1590 cm™ is attributed to (C=C) stretching
modes of quinoid ring.
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Fig. 3. FTIR spectrum of a) poly 2-methoxy aniline, b-f) synthesized nanomaterial by addition of 2-5% Ni NPs to the polymer matrix.

In Fig. 3e), the spectrum shows that by the addition
of 4% Ni NPs in the polymer matrix, the peak at 3510
cm’ was again observed, which is deep but not as
wide as in the previous cases, which illustrates that 4%
addition of Ni NPs has enhanced the crystallinity of the
polymer. Furthermore, the spectrum shows that by the
addition of 4% Ni NPs in the polymer matrix the peak
at 1627 cm™ shows the binding of Ni NPs with polymer
matrix. The peak at 1590 cm is attributed to (C=C)
stretching modes of quinoid ring.

Fig. 3f) demonstrates the spectrum of 5% Ni NPs,
and it can be seen that by the addition of 5% Ni NPs in
the polymer matrix, the peak at 3510 cm™ was sharp and
deep comparitively, which illustrates that 5% addition of
Ni NPs has enhanced the crystallinity of the polymer in
a different way. Furthermore, the spectrum shows that
by the addition of 5% Ni NPs in the polymer matrix
the peak at 1627 cm shows the binding of Ni NPs with
polymer matrix. The peak at 1590 cm™ is attributed to
(C=C) stretching modes of the quinoid ring.

UV-visible analysis of the synthesized poly
o-anisidine as well its nanocomposites with the Ni NPs
having different concentrations was performed. Very
dilute solutions were used to study the absorbance of

UV radiation. The solvent used was 0.IM HCI. Benzene
ring and —-NH functional group is responsible for the
absorbance of the radiation in the UV region.

In the pure sample a strong peak was observed at
273 nm with 87% absorbance. This is due to m-m*
transitions of aromatic C = C band and n-n* transitions
of C = N band. The conjugation and planarity is due
to the para attachment of anisidine monomers. With
the addition of 1% Ni NPs content there is no change
in A__,but absorbance decreased to 40%, thus it can be
observed with the addition of a very minute quantity
of Ni NPs (1%) as the absorbance decreases. It can be
observed that with the increase of Ni NPs content from
1% to 2%, there is no change in A__, but it is quite
evident that absorbance was further decreased to 36%.
It can be seen that with the addition of Ni NPs content
up to 3%, blue shift in A (from 273-265 nm) observed
was very small. The A with 4% Ni NPs content was
almost the same as with 3%, but the main difference is
in absorbance, which decreases sharply in absorbance
(26%). The nanocomposite having 5% Ni NPs content
was much more interesting, which dramatically
recovered A as for 0%, 1% and 2%, but absorbance
was up to 57%. All results clearly indicate that there is a
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Fig. 4. Antimicrobial activity of POMA/Ni nanocomposites: A) the culture test against Sa/monella typhi and B) the culture test against

E. coli. In both images —ve C= negative control.

strong interaction of Ni NPs content on the absorbance
as well as on A___among all the synthesized samples.

No zone of inhibition was observed against S. typhi
culture. This suggests that these nano-composites do not
possess any growth inhibitory effect against S. typhi, as
shown in Fig. 4a).

— No zone for 1 and 2 % suspension on E. coli.
— 0.5 cm diameter of zone of inhibition for 3% on

E. coli.

— 0.6 cm diameter of zone of inhibition for 4% on

E. coli.

— 0.9 cm diameter of zone of inhibition for 5% on

E. coli.

It was noticed that 5% was the optimum
concentration of Ni NPs that inhibited the growth of
E. coli (Fig. 4b). Ni NPs were found to be valuable
antibacterial agent for gram negative bacteria (E. coli).

The huge surface area of NPs, in comparison to
bulky particles, that is free for interactions increases
their bactericidal effect, so NPs are more cytotoxic

Zone of Inhibition
o = N w B [9,] [e)]

to the microorganisms. Although the method of NP
penetration into bacteria is not known absolutely,
studies have proposed that the treatment of bacterial
culture with NPs causes changes in the membrane
morphology of membrane, causing a considerable
rise in its permeability, which in turn disturbs
suitable transport through the plasma membrane.
The bacterial cells have become unable to accurately
regulate the transport through the plasma membrane,
leading to cell death [31-40]. Fig. 5 shows the
inhibition zone of POMA/Ni nanocomposites at various
concentrations.

It is supposed that because of their small size, Ni
NPs entered the bacterial cell membrane and attached to
functional groups of proteins, causing their denaturation
[41-47]. They are also thought to cause damage to the
bacterial cell by reacting with compounds having
phosphorous- and sulphur-like DNAT1, resulting in the
death of bacterial cells. The total bacterial inhibition
is directly related to the concentrations of Ni NPs

[Eny
N

Conc. of NPs

—— Average formed inhibition zone (cm) formed by E.coli

=fli—Average formed inhibition zone (cm) formed by S. typhii

~/=Nanocomposite concentrations (%age)

Fig. 5. Plot of inhibition zone versus various POMA/Ni nanocomposites at various concentrations of Ni NPs.
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and on the number of bacterial cells. This reveals that
Ni NPs have considerable bactericidal effect in
decreasing growth of bacteria for useful purposes
[47-49]. Under the current scenario of environmental
pollution [50-59], there is a need to develop
photocatalysts for the remediation of pollutants, and
NPs could possibly be used for this purpose.

Conclusions

A significant increase in the antibacterial activity
of nanocomposites was observed with the increase
in concentration of Ni NPs. Exceptional antibacterial
activity was detected with nanocomposites having
5% Ni NPs. Thus, the in situ chemical oxidative
polymerization technique can be easily and successfully
applied for the preparation of many nanocomposites
useful for antibacterial activities.
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