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Abstract

The application and development of natural antibacterial (ANB) nanocomposites (NCs) films have always been the concern of
biomedical studies. In the current study, three different amounts of antimony trioxide nanoparticles (Sb,O3NPs) were incorporated
with (60:40)wt.% of polyvinyl alcohol (PVA) and poly(N-vinyl pyrrolidone) (PVP) polymer matrix (PM) via casting method. The
samples were labeled as N1, N2, and N3 depending on the PM to Sh,O3NPs ratio. The NCs films were investigated by light
microscope (LM), Fourier transformation infrared (FTIR) and UV/visible spectrum. The NPs were perfectly diffused on the
homogeneous surface of PM without aggregations. The sharpness of FTIR peaks increased with the increasing of Sh,O3sNPs. The
UV/visible properties were measured with wavelength between 190 to 1100 nm. The optical coefficients improved after loading
except the transmittance (T%) and indirect energy gap (Eg). The nanocomposite (NC) films absorbed about 97% from the UV ray
in the A=220 nm. The absorption edges decreased with the increase of energy from 4.0 eV to 3.85 eV. The indirect Eq4 values
decreased from 4.0 eV to 3.8 eV. Each type of gram negative pathogenic bacteria was affected by the addition of Sb,O3NPs. The
inhibition zones were increased with the increasing of NPs contents from (0-9.5) mm for E-coli and from (0-14.4) mm for Proteus
mirabilis bacteria.
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1. Introduction

Nanomaterials and nanotechnology are of much interest for the development of new ANB approaches, based on either novel
biomaterials or on enhancing the biological features of the existing ones [1]. Currently, in a sustainable and eco-friendly driven
approach, many studies are directed to design both clinically and environmentally safe nanomaterials for ANB applications. Hybrid
polymer NCs are a novel type of material with unique physical and chemical properties. These NCs have recently attracted serious
research attention due to their tangible potential for a wide range of applications in environmental solutions and the resolution of
many environmental aspects [1]. The dynamic interface between NPs and polymer basis is the most challenging aspect of NCs [2].
Hybrid polymer NCs bring a novelty of several type of materials with unique physical and chemical properties [1,2]. These NPs
have nano dimensions, large specific area and energy sites in the surfaces are formed that underline the importance of polymer-
nanoparticles interactions. The physical properties of NCs change and improve could be achieved with using these nano materials,
Therefore, imperative to study the incorporation process between nanoparticles and polymer based [1,3]. Polyvinyl alcohol (PVA)
is a water-soluble polymer (WSP) with a chemical structure of CHsCHOH (CH2-CHOH) . It is derived from vinyl acetate [4]. It
has various grades of viscosity [4,5]. PVA is well known for its use in the manufacture of fabrics, including wide and several
applications [6,7]. PVP has a number of vinyl polymers with stable at different temperatures, hygroscopic and water soluble polymer
[8-10]. In conjunction with halogenated materials, the main use of Sb,0s is as a flame retardant synergist [11]. For polymers to have
a retardant of flame action, the halides combination and antimony is critical, as it aids in the shaping of less flammable chars [11,36-
48]. The optical properties of nanoparticles of Sb,O3 are strongly conditioned on the diameters of the nanoparticle. The smaller
diameter of Sb,O3 almost absorbs light and has peaks around 400 nm, whereas the larger domain has increase dispersion and peaks
that extend and transfer to longer wavelengths of red-shifting. Sb,O3 is a cheap and commercial raw nano partial that is considered
a good semiconducting material [12]. The main aim of this research is to study the effect of adding Sb,O3NPs on morphological,
optical properties, and pathogenic bacteria of PVA/PVP polymer blend.
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2. Experimental study

2.1 Materials

PVA (18000 Mw and 99.9% of purity) was equipped by (DIDACTIC), PVP (40000 Mw and 99.9% of purity) was supplied by
(Central Drug House, CDH) and Sh>O3NPs was purchased from (Sigma Aldrich Co.) with (20-30) nm average grain size and (99.5%)
purity.
2.2 Synthesis of NCs

The (60:40) wt.% of PVA and PVP was separately dissolved in (50 mL) distilled water as an MB. The mixture was thereafter
stirred for 3 hrs. Using a magnetic stirrer for 45 °C. The MB solution was cast and left to dry for a week via Petri dish by casting
method. In the doping process 0, 0.02 and 0.04 Sh,O3NPs wt.% were added to the MB solution in steps of 40 mL, as shown in Table
1. To homogenize these NCs, stirring was made for 30 min. The thicknesses of NCs films were calculated to be between 0.070 and
0.080 cm.

Table 1. The purification methods of N1, N2 and N3 samples.

Ratio of wt.% Drying Method
Sample ID PVA Sh,03NPs Total Mixing Time h
PVP
Freeze drier
N1 0.600 0.400 0.00 3 50+5C°
under air
N2 0.588 0.392 0.02 4
N3 0.576 0.384 0.04 4

2.3 Characterizations

The LM images were investigated via Nikon: Olympus model. The samples were chemically characterized in the wavenumber
range between (4000-400) cm* using (Vertex 701, Bruker FTIR). A double-beam spectrophotometer (UV/1800) was used to study
the UV/Visible properties. The ANB properties were computed using the disk diffusion method.

3. Results and discussions

3.1 The LM images

Figure 1. represents the optical microscopy images of PVA/PVP blends without and with Sb,OsNPs contents at (100X)
magnification power. Figure (1-A) shows that the polymer blend was correctly and uniformly dissolved in the solvent. The diffusion
of Sh,O3NPs in the blend was represented in the (B and C) parts of the same Figure. Part (C) explains the nature of physical
interaction between Sh,OsNPs and PM due to the high ratio of NPs content. In these photomicrographs, the nature of surface of
PVA/PVP blend were enhanced after loading. It may be due to the NPs proper association with the matrix. Sh,O3NPs contributed
to changes in the composition of the surface, and uniformly distributed. The growth mechanism was enhanced after incorporations,
this is because the Sh,OsNPs were good diffused in the PM [13].

Figure 1. Photomicrographs (100X) of A) N1, B) N2, C) N3 samples.
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3.2 The chemical properties

The chemical properties of N1, N2 and N3 samples were experimentally investigated by FTIR spectrums as shown in Figure
2. The FTIR spectrums were calculated in the optical range between (500-4000) cm™. The spectrums also refer to the excellent
compatibility of P\VA and PVP when blended together with each other. The OH groups and the (C=0) groups shaped miscible mixes
via H bonding [13]. This creates a strong incentive for NPs to be incorporated into the PVA/PVP blend's foundation [14,15]. There
is many physical interactions happened between the matrix polymer blend and Sb,OsNPs. The intensity of FTIR peaks increased

after incorporation.
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Figure 2. FTIR spectrum of A) N1, B) N2, C) N3 samples.

3.3 The UV/Visible properties

The UV/Visible properties of PVA/PVP PM and its additives with (0.02 and 0.04)wt.% Sb,O3NPs in the A between (190 to
1100) nm were investigated. The absorption spectrums of PM and NCs films were presented in the Figure 3. The NCs films were
absorbed about 97% from UV ray in the (A=220) nm. In the visible and near IR region, this absorbance spectrum of prepared films
has low values, since the incident photons do not have enough energy to interact and thus transmit with atoms at high wavelengths.
The interaction between the incident photon and the films will occur when the wavelength decreases, thus increasing the absorbance
[16]. Furthermore, the addition of Sh,OsNPs to the blend clearly improved the optical absorption spectrum and this is linked to the
best diffusion and homogeneity of NPs in the films, suggesting an effect of the amount of NPs on the polymer feature [17].
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Figure 3. A) Absorbance vs. wavelength, B) Transmittance vs. wavelength, C) Reflectance vs. wavelength.

T T T T T T 1
200 400 600 800 1000 1200

As shown in the Figure (3C), the reflectance spectrum of pure PVA/PVP and its additives was also studied as a function of
wavelength. It states that the reflectance of NCs films was directly proportional with the percentage weight of the Sh,O3NPs, but
inversely proportional to the wavelength. Therefore, this activity has a high reflectance in the UV region due to the increasing of
NCs density. The refractive index (RI) has the same reflectance behavior Figure 4 since, as in equation (1), below depends on R.
[18].

n=[(1 +VRY(1 —VR)] ..ccoeveiiiiiinnn. (1)
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The absorption coefficient (o) decreased as the wavelength of prepared films increased, because it relied on absorbance. The
(o) of the NCs were determined by [19]:

a=2303 A/t . icoeiiiiiii 2
The NCs extinction coefficient (k) has been calculated by [19]:

In general, k values increased with the increasing of Sh,O3NPs for prepared films. Figure 4 shows that the relationship between
n or k values and the wavelength for MP and NCs films . It can be observed that with the increasing of Sb,O3NPs and energy (hf),
the absorption coefficient increase as shown in Figure 5. These values are lower than (10* cm™), which allows the likelihood of
indirect transitions to increase.

—=—Pure
2wt —=—Pure
) 0.00025 - 2wt
i A
140 4w —A— 4wt

1204 0.00020 -

100

0.00015 4
80

Real RI

60 4 0.00010 4

40
0.00005 -
20

04 0.00000 4 _

T T T T 1 T T T T T T T -/
200 400 600 800 A 1200 200 400 600 800 B 1200
Wavelength (nm) Wavelength (nm)

Figure 4. The refractive index vs. wavelength of (PVA/PVP)/Sb,O3 NCs, A) Real part, B) Imaginary part.
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Figure 5. The absorption coefficient vs. wavelength of (PVA/PVP)/Sh,O3 NCs.
The optical energy gaps of (PVA-PVP)/Sh,OsNPs films were calculated using the Tauc model [19]:
ahv~Bho—Eg)" ..o 4)

(n) is a transformation parameter and (B) is constant. The plot of (ahv)¥? with energy refers to the indirect electron
transformations. The straight line of photon energy extrapolation at zero (ahv)*? represents Eq as shown in Figure 6. The increasing
of Sb,03NPs leads to decreasing the energy gap values. These NCs films are semiconductors. Such observations were shown in the
Table 2.
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Figure 6. A plots of (ahv)Y? vs. photon energy of (PVA/PVP)/Sh,03 NCs.

Table 2. Optical energy gap of N1, N2 and N3 samples.

Sample ID Optical energy gap (eV)
N1 4.00
N2 3.90

N3 3.80

3.4 Anti- pathogenic bacteria application

In present study the NCs antibacterial properties were investigated using the disk diffusion method. The Nutrient agar plates
were used as a culture media for pathogenic bacterial growth. Sterilized paper dishes containing NCs were putted in each plate. The
pathogenic bacteria was growing up in the Petri dish at (45°C) for (25 hrs.). The clear zones uniform width across each disk in all
directions demonstrates that the NPs diffuse uniformly in the polymer matrix. Calculating the diameter of disk in addition of the
surrounding area is the typical method for measuring the inhibition regions [1]. The co-culture method was used for calculating the
ANT effect of NCs. The bacterial culture of two pathogenic bacteria was grown in nutritious medium with NCs at the ratio of 0.5/0.5
(vol./vol.). The nutrient broth was used as a control medium. After the incubation 0.5 mL of each cultures were diluted for each one
respectively. The 0.05 mL of dilution specimens was taken and spread on agar plates. The plates were incubated at 45 °C for 25 h.
The colonies were calculated and the effects of inhibition were assessed and computed the reducing of bacterial growth by [20]:

R = ((A-B)A) X100% ......ooveeveveen, )

where R is the reducing factor of bacterial growth, A is the no. of controls bacterial colonies, B is the no. of treatments bacterial
colonies. Table 3. Shows that the effects of the inhibition zones formed in the vicinity disks, which were counted and tallied. With
the addition of Sh,O3NPs, the inhibition zone and bactericidal properties increased, as shown in Figures 7 and 8. The Proteus
mirabilis pathogenic bacteria was found to be more resistant to (PVA/PVP)-Sh,03; NCs film than E. coli bacteria. Many researchers
were studied the effect of NPs, metal and metal oxide on the inhibition of various pathogenic bacteria as reported in [21-30]. The
variations in cell structure, morphology, metabolism and degree of contact of organisms with NPs could explain the variance in
resistance of gram negative bacteria diffusions. For example, gram-negative Proteus mirabilis has a higher amine abundance and
carboxyl groups on its cell surface, as well as a higher affinity of copper for these groups. Proteus mirabilis has higher responded to
Sh,03NPs [29,30]. The study of ANB efficiency of this NCs films is a comparative study with [24,31-35]. The previous studies and
the current study concluded that the PVA/PVP polymer blend don’t effects on any pathogenic type of bacteria. As reported in these
studies the adding of NPs enhanced the ability of this polymer blend to inhibits the various type of pathogenic bacteria. The cause
for the ANB efficiency of NCs may be because the existence of species of reactive oxygen (ROS) created by various NPs. The
chemical reaction between hydrogen peroxide and the proteins of membrane or between the chemical generated in the existence of
NCs and the outer bilayer of bacteria could be the cause for the ANB efficiency of NCs. The hydrogen peroxide created enters the
bacteria cell membrane and inhibits them. The NCs continue to be in reaction with defunct bacteria once the peroxide of hydrogen
is created. Therefore, foiling moreover bacterial influence and continue to product and emission the peroxide of hydrogen to the
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medium. The reasonable mechanism action is which the NPs in NCs are creating the (—ve) charges that produce the electromagnetic
attraction between the NPs and the microbes. The microbes get oxidized and die instantly after the attraction. The major mechanism
which reasoned the ANB of NCs via the NPs might be through stress of oxidative reasoned by ROS. The ROS involves radicals
such as (072 ), (-OH), ( H202) and (*O2) could be the cause damaging the DNA and proteins in the bacteria. ROS could have been
created via the current metal oxide leaded to the inhibition of most bacteria.

Table 3. The average inhibition zones of N1, N2 and N3 samples.

Inhibition Zone (mm)

Sample ID _ —
E. coli Proteus mirabilis

N1 0 0
N2 8.1 8.8
N3 9.5 144
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Figure 7. The average of inhibition zones of (PVA/PVP)/NCs vs. the ratio of NPs.
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Figure 8. ANB efficiency of the NCs films against E. coli and Proteus mirabilis bacteria.
4.  Conclusion

The PM and NCs films were successfully prepared by the dry casting method. The LM images show that the materials were
correctly and uniformly dissolved in the solvent, the Sh,OsNPs good diffused in the PM and the growth mechanism enhanced after
incorporations. The FTIR spectrum refers to the excellent compatibility of PVA, PVP and NPs when mixing together with each
other. The NCs films blocked about 97% from the UV ray in the A=220 nm. The absorption coefficients decreased with the increase
of energy from 4.0 eV to 3.85 eV. The indirect Eg values decreased from 4.0 eV to 3.8 eV. The Sb,OsNPs clearly affect gram-
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negative pathogenic bacteria. The inhibition zones increased with the increasing of Sh,O3NPs contents from (0-8.2) mm for E-coli
and from (0-8.9) mm for Proteus mirabilis bacteria.
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