Hawnocucmemu, HaHomamepiaiu, HAHOMEXHOL02IT © 2022 IM® (IacturyT MeTanodisuKm
Nanosistemi, Nanomateriali, Nanotehnologii im. I. B. Kypaiomosa HAH Vkpainu)
2022, 1. 20, Ne 3, cc. 821-827 HanpykoBazo B YkpaiHi.

PACS numbers: 68.37.Hk, 81.07.Pr, 82.35.Np, 87.19.xb, 87.85.Rs

Fabrication of NiO—In,0,;-Nanoparticles-Doped Organic Polymer
Films for Antibacterial Applications

Huda Bukheet Hassan', Ahmed Hashim', and Hayder M. Abduljalil®

!College of Education for Pure Sciences,
Department of Physics,

University of Babylon,

Hillah, Iraq

2College of Sciences,

Department of Physics,

University of Babylon,

Hillah, Iraq

Nanocomposites of PEO, namely, PEO/NiO and PEO/NiO-In,0; nanostruc-
tures, are fabricated by using casting technique as antibacterial films for
biomedical applications. The films of PEO/NiO-In,0; nanocomposites are
tested for gram-positive organisms (Bacillus cereus) and gram-negative
organisms (Salmonella). The experimental results indicate that PEO/NiO—
In,0, nanocomposites have highest antibacterial activity for gram-positive
organisms and gram-negative ones.

Hanoxommosutu Ha ocHOBiI mosietmaenoxkcuny (IIEO), a came, HaHOCTPYK-
typu ITEO/NiO ta ITEO/NiO-In,0;, BUTOTOBIAIOTHCA METOAOM JIUTTA K
aHTHOaKTepiliHI HmIiBKu aad OioMegMUHMX 3acTocyBaHb. IIIiBKM HAHOKOM-
nmosutie ITEO/NiO-In,0; TecTyoThcA Ha TI'DPAMIO3SUTHBHI OpraHismMm
(Bacillus cereus) Tma rpamueratuBHi opramismu (Salmonella). Pesyabratu
eKCIEePUMEHTY BKasyloTh Ha Te, 1o HaHoKommosutu ITEO/NiO-In,0; ma-
I0Th HAWUBUINY aHTUOAKTEPiliHY aKTUBHICTH I/ I'PAMIO3UTHUBHUX OpTraHis-
MiB i rpaMHeraTUBHUX.
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1. INTRODUCTION

Polymer composite films are gaining importance in recent research,
especially in fabrication of polymer nanocomposites due to their
high elasticity, high aspect ratio and specific surface area [1].

Polymer nanocomposites attained great interest that nominates
them to be used in several technological and industrial applications
such as flexible screens, radio frequency interference shielding for ca-
bles and medical applications. Combining organic polymers with inor-
ganic nanomaterials opens new applications for the host polymer [2].

Polymer nanocomposite materials have attracted increasing at-
tention recently because of their unique physical and chemical prop-
erties resulting from the combination of organic and inorganic ma-
terials in single compounds.

Polymer nanocomposites are defined as materials, in which inor-
ganic nanomaterials are embedded into an organic polymer matrix.
Therefore, polymer nanocomposite technology has been developed to
reinforce and provide new characteristic materials. This technology
has been applied to a wide range of polymers using many different
nanoscale fillers. Incorporation of the nanoparticles into the poly-
mer matrix affects the properties of polymers, where the addition
of even a small amount of nanoparticles into the polymeric matrix
can strongly change the optical, mechanical, thermal and other
properties of a material [3].

Polymer nanocomposites are a promising type of polymeric material
that can be used instead of conventional polymers and other materials.
It has been discovered in recent decades that adding small amounts of
nanofillers to polymers can increase their thermal, mechanical, barri-
er, and flammable properties compared to conventional polymers, and
it is one of the low-cost and easy methods to modify the structure of
polymers. When compared to pure polymers or conventional compo-
sites, filler-dispersed nanocomposites have much better properties due
to their nanoscale diameters. Mixing organic materials with inorganic
nanoparticles is a rapidly growing research field to meet new challeng-
es and requirements to enhance the performance properties of the re-
sulting materials that enable current and future development and pro-
gress of society. Nanoscale systems have a small length scale that di-
rectly affects the energy band structure, which can lead to changes in
the associated atomic structure [4].

With advancements in all areas of industry and technology, peo-
ple’s attention has been attracted to nanoscale materials due to
their outstanding physical and chemical properties. Today, many
kinds of nanocrystalline metallic oxides have been studied exten-
sively, such as ZnO, SnO, TiO,, NiO and In,O,. Indium oxide is one
of the most commonly used n-type semiconducting material with a
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band gap of 3.6 eV. It has received considerable attention among
the semiconducting oxides because of its distinctive electrical, opti-
cal and chemical properties. Body centred cubic (b.c.c.) In,O; is very
common, and it can be used in field emission devices, flat panel
displays, biosensing, catalysis, sensors, transparent electrodes in
solar cells, optics and data storage, etc. [5].

Antibacterial materials can be broadly divided into the following
two categories based on their chemical properties: (1) organic antibac-
terial materials, which are characterized by their high performance
and rapid action; (2) inorganic antibacterial materials, which provide
safe and long-lasting action. Although organic antibacterial materials
offer the advantage of superior performance, their short duration of
action and high toxicity lead to environmental pollution and adverse
effects on human health. In contrast, inorganic antibacterial materials
possess good chemical and physical properties, produce less environ-
mental pollution, and affect human health to a smaller extent. Cur-
rently, most studies have focused on combining nanomaterial science
techniques with the inherent antibacterial activity of inorganic metal
oxides, to develop metal oxide nanoparticles for use as novel antibacte-
rial materials. The application of metal oxides is a suitable alternative
to the current antibacterial methods, as most metal oxides provide
sterilizing effects [6]. This work deals with fabrication of PEO/NiO—
In,O; nanostructures for biomedical applications.

2. MATERIALS AND METHODS

The nanocomposite films of PEO, PEO/NiO and PEO/NiO—-In,0O; are
fabricated by dissolving 1 gm of PEO in 40 ml of distilled water,
then added the NiO with ratio 1.8 wt.% to PEO and the indium ox-
ide (In,05) were added to the PEO/NiO with ratios are 1.8, 3.6, and
5.4 wt.% . The components of PEO, PEO/NiO and PEO/NiO—-In,0,
are mixed using a magnetic stirrer for 1 h to obtain homogeneous
solution. The casting method is used to fabricate the films of
PEO/NiO-In,0; nanocomposites in the template (Petri dish has di-
ameter of 10 cm). The PEO/NiO—In,0; nanocomposite films are pre-
pared with thickness of 140 um. Antibacterial activity of PEO/NiO—
In,O; nanocomposites is tested using a disc diffusion method. The
antibacterial activities were done by using gram-positive organisms
(Bacillus cereus) and gram-negative organisms (Salmonella).

3. RESULTS AND DISCUSSION

Figures 1, 2 show the microscopic and SEM images of PEO/NiO-
In,0O; nanocomposites.
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Fig. 1. Microscope images of PEO/NiO-In,0; nanocomposites: a—PEO; b—
1.8 NiO NPs; c—1.8 In,O; NPs; d—3.6 In,0; NPs; e—5.4 In,0; NPs (in wt.%).

Fig. 2. SEM images of PEO/NiO-In,0; nanocomposites: a—PEO; b—1.8 NiO
NPs; c—1.8 In,05 NPs; d—38.6 In,0; NPs; e—5.4 In,0; NPs (in wt.%).
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These figures represent the NiO-In,O; nanoparticles’ arrange-
ments in the polymer matrix (PEO). At low concentrations, the na-
noparticles is aggregated as a clusters while it form a paths net-
work inside the polymer matrix at high concentrations [7—12].

Figures 3, 4 show the antibacterial activity of PEO/NiO-In,O,
nanocomposites against gram-positive organisms (Bacillus cereus)
and gram-negative organisms (Salmonella). From these figures, the
inhibition zone increases with increase of the concentration of NiO—
In,0; nanoparticles. This behaviour attributed to the metal oxides
carrying the positive charge while the microorganisms carry nega-
tive charges; this causes electromagnetic attraction between micro-
organisms and the metal oxides that leads to oxidization and, final-
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Fig. 3. Antibacterial activity of PEO/NiO-In,0; nanocomposites against
gram-positive organisms (Bacillus cereus).
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Fig. 4. Antibacterial activity of PEO/NiO-In,0; nanocomposites against
gram-negative organisms (Salmonella).
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ly, to death of microorganisms. Nanomaterials also could deactivate
the cellular enzymes and DNA by co-ordinating to electron-donating
groups, such as: thiols, carbohydrates, amides, indoles, hydroxyls,
ete. [13-17].

4. CONCLUSIONS

The present work includes a preparation of PEO, PEO/NiO and
PEO/NiO-In,0; nanocomposites by using casting technique to em-
ploy for antibacterial applications. The PEO/NiO—In,O; nanocompo-
sites films were tested for gram-positive organisms (Bacillus cereus)
and gram-negative organisms (Salmonella). The results showed that
the PEO/NiO—-In,0; nanocomposite films have high antibacterial ac-
tivity against gram-positive organisms and gram-negative ones.
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