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The current study is focused on the enhancement of the optical character-
istics of polyethylene-oxide and polyvinyl-alcohol blend with different
weight percentages of iron-oxide nanoparticles (0, 1.5%, 3%, 4.5%, and
6% wt.) created by casting technique. Optical examinations show that the
absorbance of PEO/PVA/Fe,O; nanocomposites increases with increase of
iron-oxide nanoparticles’ content, while the energy gap of
PEO/PVA/Fe,0O; nanocomposites is dropped from 3.79 eV to 3.38 eV and
from 2.79 eV to 2.18 eV for allowed and forbidden indirect transitions,
respectively, when the addition of iron-oxide nanoparticles reaches 6
wt.% . This feature can play a vital role in enabling PEO/PVA/Fe,O,
nanocomposites for future optoelectronics applications. The refractive in-
dex, extinction coefficient, dielectric constant and optical conductivity
increase with increasing the concentration of iron-oxide nanoparticles.
The antibacterial properties of the PEO/PVA/Fe,O; nanocomposites are
investigated against E. coli bacteria. Experimental results show that the
inhibition zone diameter increases with increase of iron-oxide nanoparti-
cles’ concentration. Finally, PEO/PVA/Fe,0O; nanocomposites have a good
antibacterial activity.

IToTouHe HOCHiMKeHHS 30CepPeKeHO0 Ha IMOJINIIeHHI ONTUYHUX XapaKTepu-
ctuk cywmimri moaiokcueruneny (IIOE) ra moxisininmoBoro cmupty (IIBC) 3
Pi3HMM BaroBuM BiJICOTKOM HaHOYACTUHOK oxcuny Pepymy (0, 1,5%, 3%,
4,5% i 6% wmac.), cTBOpeHUX MeTOAOM JUTTA. ONTHUYHI ZOCTiIKeHHS IToKa-
3yI0Th, [0 noramHaHHa HaHorkommnosutie ITOE/IIBC/Fe,O; spocrae 3i 36i-
JBIIEHHAM BMiCTy HaHOYACTHMHOK OKcuay Pepymy, TOAi AK eHepreTuyHa
urinuaa HaHokommnodutiB IIOE/IIBC/Fe,0; 3menmyerbes 3 3,79 eB no 3,38
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eB rta 3 2,79 eB mo 2,18 eB nmna mos3BoJsieHOTO Ta 3a00POHEHOT'0 HEIIPAMUX
nmepexojiB BiAMOBiTHO, KOJIM HOAABAHHSA HAHOUACTHUHOK OKcuny dPepymy I0-
carae 6 mac.% . Ila ocobauBicTs MOKe BimirpaBaTu sKUTTEBO BAXKJIUBY POJIb
y crBopeHHi HanokommnosutiB IIOE/IIBC/Fe,O; nis maiibyTHiIX 3acTOCyBaHb
B omToeJIeKTPOoHiIi. IlokasHUK 3aj0MJyIeHHA, KoedillieHT eKCTUHKILI, miere-
KTPpUYHA NPOHUKHICTL i ONTHMUYHA NMPOBiAHIiCTL 36iJbIIYIOTHCA 3i 30iabIIEeH-
HAM KOHIIEHTpAaIlil HaHouacTHHOK okcuny Pepymy. HocrimxeHo amTHOAK-
TepianbHi Biaactuocti Hanokomnosuris IIOE/IIBC/Fe,0,; mono 6akTepiii E.
coli. EkcnepuMeHTaJIbHI pes3yJbTaTH IMOKAa3yIOTh, IO AiAMeTep 30HU iHTiOy-
BaHHA 30iJbIIyeThCA 31 30iJMbIIEHHAM KOHIIEHTPAI[il HAHOYACTUHOK OKCHUIY
®depymy. Hapemuri, sanoxkomnosutu IIOE/IIBC/Fe,O; MaioTs rapHy aHTH-
OaKTepisIbHY aKTUBHICTD.

Key words: bionanocomposites, iron-oxide nanoparticles, optical proper-
ties, antibacterial activity.
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1. INTRODUCTION

Nanocomposites (NCs) consist of two or more materials where one
of these materials has nanoscale. The addition of inorganic nanopar-
ticles (NPs) into a polymer matrix will change both properties from
inorganic nanoparticles and polymer to be enhanced and hence ad-
vanced new functions can be generated to the nanocomposites [1, 2].
The nanocomposites’ applications are quite promising in the fields
of microelectronic packaging, medicine, automobiles, optical inte-
grated circuits, drug delivery, injection moulded products, sensors,
membranes, aerospace, packaging materials, coatings, fire retard-
ants, adhesives, consumer goods, etc. [3].

Poly(ethylene oxide) (PEO) is most often regarded as a major
problem in real working systems, since the ionic conduction has
been shown to take place mainly in the amorphous phase. The sup-
pression of crystallinity of polymer chains improves the polymer
chain mobility, which, in turn, leads to better ionic conduction.
Polymer blending is one of the effective methods to reduce the crys-
talline content and enhance the amorphous content. Polymer blends
often exhibit properties, which are superior to the individual com-
ponent polymers [4, 5].

Poly(ethylene oxide) has attracted attention in recent years due
to their solubility in water, biodegradability, non-toxicity, and bio-
compatibility. It has numerous applications, such as agricultural
films, paper coating, textile fibres, and electronic devices [6].
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Poly(vinyl alcohol) (PVA) is a biodegradable synthetic polymer,
which is a kind of thin film material with excellent performance
and wide application. In addition, the research results on the com-
posite film of polyvinyl alcohol (PVA) with a variety of materials,
including essential oils, modified nanomaterials, etc., proved its
good packaging performance, and the existence of film pores and
the size of the loading affect the number of antimicrobial agents,
thus affecting the antibacterial properties of the film [7, 8].

Polyvinyl alcohol offers a combination of excellent film forming
and binder characteristics, along with insolubility in cold water and
organic solvents. This combination of characteristics is useful in a
variety of applications. Moreover, it contains a carbon backbone
with hydroxyl groups attached to methane carbons. These hydroxyl
groups can be a source of hydrogen bonding, hence the assistance in
the formation of polymer blends. PVA is harmless and has excellent
thermal stability, creation it a hopeful candidate to be used in bio-
technology and biomedicine fields [9, 10].

The iron oxide (Fe,O;), the most common oxide of iron, has the
important magnetic properties too. From the viewpoint of the basic
research, iron(III) oxide is a convenient compound for the general
study of polymorphism and the magnetic and structural phase tran-
sitions of nanoparticles. The existence of amorphous Fe,O; and four
polymorphs (alpha, beta, gamma and epsilon) is well-established
[11]. The most frequent polymorphs structure ‘alpha’ (hematite)
having a rhombohedral-hexagonal, prototype corundum structures
and cubic spinel structure ‘gamma’ (maghemite) have been found in
nature. At a temperature of 650°C, hematite turns into Fe;O, with a
high energy loss [12]. Hematite has strongly antiferromagnetic
properties. Gamma-Fe,0O; (maghemite) is the ferrimagnetic cubic
form of Fe(IIl) oxide, and it differs from the inverse spinel struc-
ture of magnetite through vacancies on the cation sublattice. In
time, at room temperature, the maghemite turns into hematite
crystalline structure. Maghemite has the same crystalline structure
like Fe;O, (magnetite) [13].

This paper deals with synthesis and characteristics of PEO-PVA-
Fe,0O; nanocomposites for use in optoelectronics and biomedical
fields.

2. EXPERIMENTAL PART

Films of nanocomposites were made from polyvinyl alcohol—
polyethylene oxide and iron-oxide nanoparticles using the casting
method, which involved dissolving pure PEO and PVA (50/50) in 40
ml of distilled water for 40 minutes with a magnetic stirrer at tem-
perature of 70°C to produce a more uniform solution. Iron-oxide
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nanoparticles were added to the polymer blend at concentrations of
0%, 1.5%, 3%, 4.5%, and 6% wt. When the solution was dried
during 4 days at room temperature, polymer nanocomposites were
formed. The optical properties of PEO/PVA/Fe,O; nanocomposites
in the wavelength range 200-100 nm were measured by UV/1800/
Shimadzu spectrophotometer. The agar well diffusion method was
used to test the antimicrobial activity of the nanocomposite films
against Escherichia coli bacteria.
The absorbance is calculated from equation [14]

A=1,/I, (1)

where I, represents the light intensity absorbed by the medium, and
I, represents the incident light intensity.

The following equation is used to determine the transmittance (7)
[15]:

A=log(1/7), (2)
Absorption coefficient (o) is calculated by the equation [16]
o=2.303(A/1), 3

where A is the absorbance, ¢ is the thickness of sample.
For indirect transition model, following Ref. [17],

ahv = B(hv — E,)* 4)

can be computed; here, B is a constant, Av is the photon energy, E,
is the optical energy band gap; x = 3 for the forbidden indirect tran-
sition and x = 2 for allowed indirect transition.

Refractive index (n) is determined by following equation [18]:

2
no [R=E R+l &)
(R-1 R-1

where R is a reflection coefficient.
The extinction coefficient (k) is determined by the following
equation [19]:

k= ah/(4m), (6)

where A is the wavelength of incident light.

The dielectric constant is classified in two parts: real (g;) and im-
aginary (g,) ones. It can be computed each of the real and imaginary
parts of dielectric constant (g, and ¢,,) by the following equations
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[20, 21]:

g =n’—Fk, )
€, = 2nk. (8)

The optical conductivity has been determined by [22]

o oanc/(4n), 9)

where c is light velocity.

3. RESULTS AND DISCUSSION
3.1. Absorbance and Transmittance

Figure 1 displays the variation of optical absorbance with wave-
length for PEO/PVA/Fe,O; nanocomposites. This figure notes that
the spectra reveal that all these films show more absorbance in ul-
traviolet region. All nanocomposites show that low absorbance in the
visible region. This behaviour can be explained as to interact with
atoms, thus, the photon will be transmitted [23, 24]. If the wave-
length decreases, the interaction between incident photon and mate-
rial will occur, and the photon will be absorbed; the absorbance in-
creases with increasing of weight percentages of the nanomaterials.
This is due to absorption of the incident light by free electrons [25].

Figure 2 shows the transmittance of PEO/PVA/Fe,O; nanocompo-
sites with wavelength of photon. As shown in this figure, the

Absorbance

0 T . . , T )
200 300 400 500 600 700 800

Wavelength, nm

Fig. 1. Variation absorbance spectra of PEO/PVA/Fe,O; nanocomposites
with wavelength.
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Fig. 2. Variation transmittance of PEO/PVA/Fe,0; nanocomposites with
wavelength.
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Fig. 3. Variation of absorption coefficient (o) of PEO/PVA/Fe,O; nano-
composites with photon energy.

transmittance decreases with the increase in Fe,O; nanoparticles;
this is caused by the added Fe,0; nanoparticles [26].

3.2. Absorption Coefficient (o) and Energy Gaps of the Allowed and
Forbidden Transitions

The absorption coefficient (a) is calculated by using Eq. (3). Figure
3 shows that the absorption coefficient (o) as a function of the pho-
ton energy for the PVA/PEO blend with different concentration of
Fe,O; nanoparticles. It can be noted that absorption is low at low
energy. This means that the possibility of electron transition is low
because the energy of the incident photon is not sufficient to move
the electron from the valence band to the conduction band (kv < E,).
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At high energies, absorption is greater; this shows that there is
great possibility for electron transitions; consequently, the energy
of incident photon is enough to move the electron from the valence
band to the conduction band; this means that the energy of the in-
cident photon is greater than the forbidden energy gap [27-29].
This one shows that the absorption coefficient assists in figuring
out the nature of electron transition; when the values of the absorp-
tion coefficient is high o> 10* cm™ at high energies, it is expected
that direct transition of electron occurs; the energy and moment are
maintained by the electrons and photons, on the other hand, when
the values of the absorption coefficient is low o < 10* cm™ [30].

The allowed and forbidden indirect transition energy gaps have
been calculated by using Eq. (4). Figures 4 and 5 show the relation-

70+
607
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301

(ahv)'/2, (cm™-eV)/2

Eph, eV

Fig. 4. Variation of (ahv)”? of PEO/PVA/Fe,0, nanocomposites with pho-
ton energy.

(ahv)/3, (em™-eV)'/3

Fig. 5. Variation of (ahv)’® of PEO/PVA/Fe,0, nanocomposites with pho-
ton energy.
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ship between (ahv)'?, (ohv)”®> and the photon energy of
PEO/PVA/Fe,O; NCs. The values of the energy gap decrease as the
percentage of Fe,O; nanoparticles increases. The creation of local-
ized levels inside the forbidden energy gap is responsible for this
occurrence [31-33].

3.3. Extinction Coefficient and Refractive Index

Figure 6 shows the extinction coefficient (k) of PEO/PVA/Fe,0O,4
nanocomposites as a function of wavelength. It can be noted that &
has low values at low values of concentration, but it increases with
the increasing of the concentration of Fe,O; nanoparticles. This is
attributed to increased absorption coefficient with the increase of

=

1-1074 -
200 300 400 500 600 700 800

Wavelength, nm

Fig. 6. Variation of extinction coefficient of PEO/PVA/Fe,0O; nanocompo-
site with wavelength.

——Pure
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——3.0 wt.%
——4.5 wt.%
6.0 wt.%

200 300 400 500 600 700 800
Wavelength, nm

Fig. 7. Variation of refractive index of PEO/PVA/Fe,O; nanocomposites
with wavelength.
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weight percentages of Fe,O; nanoparticles [34, 35]. The extinction
coefficient has high values at UV region; this behaviour is attribut-
ed to high absorbance of all samples of nanocomposites [36]. Also,
extinction coefficient of nanocomposites increases with the increas-
ing of the wavelength at visible and near-infrared regions that is
attributed to the absorption coefficient of nanocomposites, which is
approximately constant at visible and near-infrared region; hence,
the extinction coefficient increases with increasing of the wave-
length [36—38].

The refractive index of PEO/PVA/Fe,O; nanocomposites as a
function of wavelength is shown in Fig. 7. It can be seen that the
refractive index increases with increasing the weight percentages of
the concentration of Fe,O; nanoparticles. In addition, it is decreased
with the increase of the wavelength. This behaviour is attributed to
the increase of the density of nanocomposites. When the incident
light interacts with a sample, refractivity at UV region is high;
hence, the values of refractive index will be increased [39, 40].

3.4. Real and Imaginary Parts of Dielectric Constant

Figure 8 shows the change of ¢, as a function of the wavelength for
PEO/PVA/Fe,0O; nanocomposites. It can be seen that g, depends con-
siderably on n? due to low value of k% so, the real dielectric con-
stant is increased with the increase of the concentration of Fe,O,
nanoparticles.

Figure 9 shows the change of ¢, as a function of the wavelength.
It can be seen that g, is dependent on k values, which is changed
with changing the absorption coefficient due to the relation between

—— Pure
—a—1.5 wt.%
—— 3.0 wt.%
——4.5 wt.%
—— 6.0 wt.%

200 300 400 500 600 700 800

Wavelength, nm

Fig. 8. Variation of real part of dielectric constant for the PEO/PVA /Fe,0,
nanocomposites with wavelength.
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Fig. 9. Variation of imaginary part of dielectric constant for the
PEO/PVA /Fe,O; nanocomposites with wavelength.
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Fig. 10. Variation of optical conductivity for the PEO-PVA-Fe,O; nano-
composites with wavelength.

o and k. This behaviour is consistent with the results of Refs. [41,
42].

3.5. Optical Conductivity of PEQO/PVA /Fe,0; Nanocomposites

Figure 10 shows that the relationship between optical conductivity
of PEO/PVA/Fe,0O; nanocomposites and wavelength. The optical
conductivity for all samples of nanocomposites is decreased with the
increasing the wavelength; this behaviour is attributed to the opti-
cal-conductivity dependence on the wavelength of the radiation in-
cident on the samples of nanocomposites; the increase of optical
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conductivity at a low wavelength of photon is due to high absorb-
ance of all samples of nanocomposites in this region and, hence, in-
crease of the charge-transfer excitations [43]. In addition, the opti-
cal conductivity of nanocomposites is increased with the increase of
Fe,0; nanoparticles’ concentration that is related to the increase of
the absorption coefficient and, consequently, increasing the optical
conductivity of PEO/PVA/Fe,O; nanocomposites [44].

3.6. Application of PEO/PVA/FE,0; Nanocomposites for Antibac-
terial Activity

Figure 11 shows the variation of inhibition zone diameter with
Fe,O; nanoparticles’ concentration against Escherichia coli for the
PEO/PVA/Fe,0O; nanocomposites. In this figure, the inhibition zone
increases with increasing concentration of Fe,O; nanoparticles. The
reason for the antibacterial activity of PEO/PVA/Fe,O; nanocompo-
sites may be due to the presence of reactive oxygen species (ROS)
produced with different concentrations of Fe,O; nanoparticles.

The reason for the nanocomposites’ antibacterial activity could be
the chemical interaction between hydrogen peroxide and membrane
[45, 46].

The produced hydrogen peroxide enters and kills the cell mem-
brane of bacteria. The other possible mechanism of action is that
the Fe,0; nanoparticles in nanocomposites carry the positive charg-
es, and the microbes have the negative charges, which create the
electromagnetic attraction between the nanoparticles and the mi-
crobes. When the attraction is created, the microbes become oxi-
dized, and they die instantly [47].

Inhition zone diametr, mm
S = N W R Y N 20

0 1 2 3 4 5 6

Con. of Fe,O, nanoparticles, wt.%

Fig. 11. Variation of inhibition zone diameter with Fe,O; nanoparticles’
concentration against Escherichia coli for the PEO/PVA /Fe,0; NCs.
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4. CONCLUSIONS

PEO/PVA as the host polymer-blend matrix was doped with iron-
oxide nanoparticles using a casting technique to make new and low-
end optoelectronic nanocomposites. By increasing iron-oxide nano-
particles’ concentration, PEO/PVA/Fe,0O; nanocomposites absorb
more light. The absorbance of PEO/PVA/Fe,0; NCs increases with
increasing of concentration of Fe,O; nanoparticles, while transmit-
tance decreases. The energy gap of PEO/PVA blend was drop from
3.79 eV to 3.38 eV and from 2.79 eV to 2.18 eV for allowed and
forbidden indirect transitions, respectively, when the ratio of iron-
oxide nanoparticles reached 6 wt.% . With increasing concentration
of Fe,O; nanoparticles, the extinction coefficient, absorption coeffi-
cient, refractive index, imaginary and real parts of dielectric con-
stant and optical conductivity are increasing. With increasing fre-
quency, the dielectric loss and dielectric constant drop, while the
alternating-current electrical conductivity rises. The experimental
results on antibacterial activity show that the inhibition zone diam-
eter of nanocomposites increases with increasing of Fe,O; nanopar-
ticles’ concentration. These results confirm the potential employee
of these materials in optoelectronics fields such as light filters,
transistors, sensors, diodes, lasers, electronics gates and in food
packaging industries.
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