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Abstract

An oxidative polymerization approach was used to create
polyaniline (PANI) and Fe>Os /PANI nanoparticle combination.
Various characterization approaches were used to investigate the
structural, morphological, and Fe.Oz /PANI nanoparticle structures.
The findings support the synthesis of polycrystalline nanoparticle
PANI and Fe2Os /PANI spherical nanoparticle composites. Gram-
positive bacteria are tested for antibacterial activity. Various quantities
of Nanoparticles of PANI and Fe>Os /PANI nanoparticle composites
were used to test Staph-aureus and gram-negative bacteria, E-coli, and
candida species. PANI has antibacterial properties against all
microorganisms tested. Fe2Os /PANI nanoparticle composites, on the
other hand, have higher antibacterial activity, as evidenced by the zone
of inhibition. Bacterial inhibition zones are in S. aureus (positive), and
E. coli are in good functioning order. With increasing concentrations
of Fe.O3 /PANI nanoparticle composites, the inhibition zones of all
bacteria are larger. Finally, the antimicrobial activity of Fe;Os /PANI
nanoparticle composite is characterized using a simplified mechanism
based on electrostatic attraction. In this paper, a conductive polymer
doped with iron nanoparticles was fabricated for the aim of testing it
in the field of bacterial resistance.
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PANI Polymer synthesis and characterization have been one of the most
important study subjects in polymer and materials science during the last two decades
[1]. Because of their environmental resistance [2], tunable electrical conductivity, and
intriguing redox properties connected to chain nitrogen, the century-old aniline
polymers have attracted attention among electroactive polymers. The general formula
for aniline polymers is [(-B-NH-B-NH) y(B-N=Q=N)1-y], where B represents a
benzenoid ring and Q represents a quinonoid ring. The polymer's intrinsic oxidation
state can be varied from wholly reduced leucoemeraldine (LM, y = 1) to 50 percent
intrinsically oxidized emeraldine (EM, y = 0.5) to fully oxidized per nigraniline (PNA,
y = 0). Crystallinity is also seen in aniline polymers [3].
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Polymers have seen significant growth in their utilization in biological
applications during the last few decades. Electrical stimulation of cellular processes
such as cell proliferation [4] and cell migration has also been proven to tune cellular
functions with conductive polymers (CPs). Conducting polymers and them
derivatives for tissue engineering applications have sparked a lot of interest. Metals and
inorganic semiconductors exhibit electrical and optical properties that are similar to
CPs. They do, however, share many of the same appealing qualities as ordinary
polymers, such as the convenience of use. In comparison to metals, it has a good
synthesis and processing ability. Moreover, Polyaniline (PANI) is one of the most
promising biologically active compounds. Due to their one-of-a-kind and
distinguishing traits. Numerous investigations on this polymer have been conducted.
PANI is one of the most well-characterized conducting polymers; it exhibits a wide
variety of structural shapes, excellent environmental stability, and a high capacity for
charge transport [5].

Infectious disorders caused by pathogenic bacteria have become a severe public
health concern, accounting for about a third of all fatalities worldwide. Antibiotics are
the most antibiotics that are frequently given treatment for bacterial infections. On the
other hand, antibiotic overuse has resulted in the emergence of multidrug-resistant
bacteria such as vancomycin-resistant enterococcus (VRE), vancomycin-resistant
Staphylococcus aureus (VRSA), and methicillin-resistant Staphylococcus aureus
(MRSA), all of which pose a significant threat to human health [6]. As a result,
alternative bactericidal treatment techniques that are less likely to acquire resistance in
microorganisms are urgently needed. Heat at temperatures above 50°C can kill bacteria
by denaturing proteins and enzymes or damaging cell membranes. As a result, PANI
with oxide ferric has been hailed as one of the most promising new bactericidal
therapeutic techniques for fighting E. coli, S. aureus, and candida bacteria due to its low
potential for resistance and toxicity. As a result, this section highlights new study
findings on PANI-based materials for bacterial infection eradication [7].

2. Experimental work

2.1. Polyaniline-Fe,O3 synthesis and modification

From aniline monomer and ammonium persulfate, hydrophobic PANI was
produced by oxidative chemical polymerization (APS) as an oxidant, followed by
doping with an Fe2Os in situ polymerization. The hydrophobic emeraldine base polymer
was coated with L-cysteine utilizing the nano emulsion process to achieve the required
water solubility. In biological media, PANI NPs displayed colloidal stability and NIR
absorption that was pH and oxidative environment-dependent. The added ratios are
obtained by in-situ polymerization of aniline onto Fe;O3 (Iron (111) oxide and aniline
solution with continuous stirring for half an hour with a magnetic stirrer, the added
ratios are obtained by in-situ polymerization of aniline onto Fe;Oz (Iron (I11) oxide and
aniline solution with continuous stirring for half an hour with a magnetic stirrer (0.02
and 0.05 g). were dissolved in a 1M aniline aqueous solution. Ammonium persulfate
(APS) (2.5 M) was used as an oxidant to start the polymerization. They were allowed
to react for 30 minutes to 2 hours in a 5 °C ice bath. Using a nucleophilic addition
procedure, they were functionalized. At room temperature, the powder was submerged
in a stirred aqueous solution of 1 M L-cysteine for 24 hours. They were then rinsed with
deionized water (DI).
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2.2. Characterization of chemical structure

The near-IR spectrum (400 cm™), the mid-IR spectrum (400-4000)cm™, and the
near-IR spectrum (400-4000)cm™ are the IR spectrum's three wavenumber divisions
(4000-13000)cm™. While the mid-IR scope is the most frequently used for sample
analysis, the far- and near-IR bands also provide information about the samples. The
purpose of this research was to examine FTIR in the mid-IR spectrum.

To transform infrared spectrophotometer, Fourier calculated the chemical
structures of all samples (FTIR). The spectra of the polymer were acquired in
transmission mode in air and modified polymer-supported onto PE a Nicolet Impact
410 spectrometer. A total of 200 scans with a resolution of 4 cm™ were averaged. A
Shimadzu UV-2401PC spectrometer was used to record UV-visible spectra in the
wavelength range of (250 — 1000) nm.

3. Result and discussion

The FTIR spectra of PANI-Fe>O3-Cys at two different concentrations (0.02 and
0.05) g are shown in Fig.1. Fe2O3PANI-Cys (0.02g) (black line) and Fe2OsPANI-Cys
(0.05g) (red line) FTIR spectra are shown in Fig.1. When comparing the FTIR spectra
for L-Cysteine in Figs. 1 and 2, it can be noticed that the intensity has decreased. All of
the polyaniline absorption bands were visible in the PANI spectrum: 1577-1579 cm™
and 1502 (given to C=C-C Aromatic ring stretching) and 1452-1413 cm™ (C-H Methy!I
asym) [8]. The band at 1305 cm™ corresponding to the stretching vibration of C N, and
the band at 1147 cm* corresponding to the ring stretching N-Q-N, where Q represents
the quinoid ring [9], can also be. The electronic transition in the polymer's free carriers
was assigned to a broad conduction band ranging from 1045 cm™ to 821 cm™ [10, 11].
Additional absorption bands at 596 -690 cm™ in the FTIR spectra of modified PANI-
Fe>O3 -Cys might be linked to the Alcohol O-H of plane bent. In addition, additional
bands at 972 cm™* and 825 cm™ correspond to the stretching of cysteine's C-O and C-
O groups [12]. PANI-Cys showed new functional properties in the infrared band.
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Figure 1: The Fe;OsPANI-Cys FTIR spectral areas.
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Figure 2: The FTIR spectrums for PANI- Fe;O3 -Cys with L-Cysteine.

Fig.3(a) shows the FE-SEM morphology of pure PANI. Fig.3(b, ¢) shows the
FE-SEM images picture of ferric Polyaniline (PANI-Fe2Os-Cys) powder at
concentrations of 0.02 gm and 0.05 gm which demonstrates that the composite is highly
microporous and can increase the liquid-solid interfacial area. An FE-SEM analysis
[13] corroborated the material's highly porous structure and clumped spherical form.
Because of the polymer, the hybrid biomaterial had an uneven surface with particle
sizes ranging from 22.9 nm to 46.09 nm for 0.02 gm and 0.05 gm percent. Fe2O3
microspheres with a mean diameter of 26 nm worked as a scaffold, enabling numerous
micro- or nanopores to be formed where the polymer nanoparticles can fill according
to an analysis of SEM images [10, 11].

Many peaks corresponding to carbon (C), sulfur (S), and oxygen (O) are seen in
the elemental analysis of PANI-Cys powder, as illustrated in Fig.4, from feature
materials of the composite powder of PANI and L-Cystine the ratio of weight % and
the atomic percentage was calculated and listed in table 1. Three linear patterns were
identified in the components of iron (I11) oxide. Thus, it can be observed that the carbon
ratio (44.19 percent) has a high proportion (due to its presence in all components) our
result agrees with [14, 15].
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Figure 4: EDX analysis for Polyaniline with iron 11 dioxide-Cyst powder.
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Table 1: The proportions for chemical elements.
Elt | Line Int Error K Kr W% A% ZAF
Ka 178.4 15.75 0.439 0.189 | 44.19 | 58.39 0.42
Ka 13.8 15.75 0.046 0.019 | 13.53 15.33 0.14
Ka 77.2 15.75 0.094 0.040 | 19.54 | 19.38 0.20
Ka 73.7 1.10 0.0425 0.018 2.14 1.06 0.85
Ka 177.4 0.98 0.377 0.163 20.6 5.85 0.79

dnozo

S. aureus, E. coli, and candida were employed in the current investigation. Fig.5(a
and b) shows the antibacterial activity of hybrid nanomaterials. The bactericidal activity
of Fe203 PANI-Cyst (0.02 and 0.05) at 10 pg/mL, with the following results: the value
of inhibition zone is listed in Table 2.

Table 2: The value of inhibition zone (gram-negative and positive).

Doping Type of bacteria 1000% 750% 500% 250%
E-coli (gram negative) 24mm 26mm 12mm 10mm

Ol.:(()eéron3g S. aureus (gram positive) 25mm 20mm 4mm 2mm
Candida 20mm 14mm 10mm 4mm

Fe,0 E-coli (gram negative) 20mm 14mm 12mm 10mm
0.02mg | s, aureus (gram positive) 30mm 10mm Zero Zero

Compared to a previous study the effect of one of the aniline compounds (PANI)

(with concentrations of 250 and 500 pg/mL) on (with concentrations of 250 and 500
pg/mL) on the same types of bacteria displayed moderate activity against both bacterial
strains that the inhibition zone diameter reached (12 mm) on E. coli and (10 mm) on
candida while no inhibition S. aureus [16, 17].
Due to a multitude of variables, including electrostatic adsorption between Fe2O3/PANI
nanocomposites molecules and bacterium cells [17], the Fe2O3/PANI composite
exhibits antibacterial action against all species of bacteria. As a result of the composite's
impact and the presence of silver nanoparticles, it is known as the best antibacterial
agent. Nanoparticles interact with bacteria's cell walls and cytoplasmic membranes,
causing the bacteria's cell wall to burst and the bacteria to die. In general, the spherical
morphology of Fe>Os/PANI nano composites may be critical for the antibacterial
activity of the composite.
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Figure 5(a): The statistics of the inhibition zone.
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Clearly, the spherical nano porous particles can enter cells via membrane pores. Other
types of structured nanoparticles may have difficulty entering cells. The nano
composite may interact with the surface of the cell membrane, impairing its power
functions (permeability and respiration), or it may degrade within the cell, reacting with
sulfur and phosphorous-containing DNA and proteins [17, 18].

The accumulation of Fe>Os3-PANI-Cys on the bacteria's surface damaged the
integrity of the cell membrane and altered its shape. The hybrid biomaterial may release
ions that interact with sulfur-related membrane proteins and alter the cell membrane's
permeability. Due to the direct interaction of the released ions with the membrane
proteins, the released ions may improve cell membrane permeability by perforating and
hole-forming bacterium membranes [19].

Molecular architecture can be used to change PANI's features., making it a good
option for making antibacterial medications. PANI's electrochemical switching
property aids in the transport of dopant ions through cell membranes. PANI's unique
redox characteristics also allow for regulated ionic transport through the polymer
membrane to the cells, resulting in improved antibacterial effects [20].

Figure 5(b): The bacterial activity (Agar Well Diffusion Method) for Fe,O; PANI-Cyst.

4. Conclusions

Chemical polymerization is one of the simplest and most cost-effective ways to
produce conductive polymers. The FTIR data revealed that the bonds are well-bonded,
and the essential polymer bonds could be identified. The polymer has pores, and its
granular size is (22.9- 46.09), according to FESEM analysis. Examining the conductive
polymer (PANI) efficacy and its effect on reducing the inhibition zone it is concluded
that the polymer can effectively kill bacteria.
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