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Synthesis of PVA-Fe,03-TiO, hybrid structure for biomedical application
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This work investigates the structure, morphology, and optical properties of TiO2
nanoparticles embedded in a Fe203-PVA composite matrix. The samples were examined
using a variety of techniques, including field-emission scanning electron microscopy
(FESEM), X-ray diffraction (XRD), absorption and transmission spectra, and Fourier
transformation infrared (FTIR). Crystallography information revealed the presence of
TiO2 doesn’t effect in the crystal structure of PVA-Fe203. The manufactured composites
demonstration strong absorption in the range of 440-570 nm. It is important that the
highest absorption of these composites gradually shifted to the shorter wavelength region
with presence of TiO2. PVA-Fe203 is highly transparent with transmittance of around 85
% in range 600-800 nm. After addition of 2.5 % by weight of TiO2 nanoparticles, the
transmittance of nanocomposite drops to 75% in the same range of wavelength . Further
addition of nanoparticles reduced the percentage transmittance to 68%. The results specify
that as the TiO2 ratio increases, the band gap be wider.
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1. Introduction

Magnetic nanoparticles (MNPs) are a type of nanoparticle that can be manipulated by
applying a magnetic field to them. MNPs are often made up of magnetic elements including iron,
nickel, and cobalt, as well as their oxides. Magnetic resonance imaging (MRI), targeted medication
and gene delivery, tissue engineering, cell tracking, and bioseparation have all benefited from
MNPs' unique capacity to be steered by an external magnetic field [1]. Thus, magnetic
Nanoparticles has several remarkable magnetic properties, including being superparamagnetic and
having a high coercivity and poor Curie temperature and high magnetic susceptibility, etc. A wide
range of areas, such as magnetic fluids, data storage, catalysis, and biotechnology are all
demonstrating an increased interest in magnetic nanoparticles [2-6].

Polymer based composite nanomaterials are of tremendous scientific and technological
interest because of their unique optical, electrical, and mechanical capabilities. A wide variety of
uses exist for these materials, including optoelectronic components and magneto-optic data
storages [7-9]. Many efforts have been made to enhance the optical properties of polymer
nanobased composites by reinforcing polymers with metal, semiconductor, carbon nanotubes, and
magnetic nanoparticles [10-16].

The non-toxic role of Fe203 nanoparticles in biological systems makes them appealing in
biomedical applications. Fe203 nanoparticles are magnetic and semiconductor, allowing for
multiple biological uses [17]. Fe203 nanoparticle has a band gap equal 2.1-2.2 ev [18]. The
effect of eco-friendly iron oxide nanoparticles on biological systems can be studied. Many
researchers have attempted various biological uses. [19].
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Because of its exceptional features, such as super paramagnetism and size, iron oxide
nanoparticles (IONPs) have greatly benefited from their use in medical and biotechnological
advancements, such as magnetic resonance imaging, cell separation and detection and tissue
restoration. In-progress studies aim to decrease drug concentrations, toxicity, and side effects
while boosting the efficacy of treatments based on IONPs [20].

PVA-Fe203 and PVA-Fe203-TiO2 nanocomposites were synthesized using chemical
technique in this study. Each of the nanocomposites was studied in terms of morphological
structure, particle size distribution and band gap energies

2. Experimental part

2.1. Chemicals

Polyvinyl alcohol ((C2H40)x), Iron(l1l) chloride (FeCl3), Sodium hydroxide (NaOH) and
Titanium dioxide (TiO2).

2.2. Preparation of PVA-Fe,O3; Nanocomposite

The preparation of Fe203 capped with PVA has been carried out according our work in
ref [10].

2.3. Preparation of PVA-Fe,03-TiO2 Nanocomposite
Nanocomposite materials made by using blending two mass ratio of TiO2 with PVA-Fe203
F pure is the PVA-Fe203, F1 is PVA-Fe203 with 2.5% TiO2 NPs and F2 is PVA-Fe203 with 5% TiO2
NPs.

3. Results and discussions

The surface morphologies of the prepared samples were studied using Scanning Electron
Microscope All the nanoparticles are spherical in shape. According to Fig. 1(a—c), which shows
FESEM images of produced composites, the sample has porous and aggregated morphology,
which is thought to improve the sample's properties. The photos also revealed particles of about
identical size in both large and tiny sizes. When the ratio of TiO2 increase in the hybrid matrix
noticeable agglomeration appeared and that shown in figure 1c which represent the PVA-Fe203
with 5% TiO2 NPs. which is possess a compact morphology of cauliflower type similar to what
get in ref. [21].
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Fig. 1. FESEM images of (a) PVA-Fe203 (b) PVA-Fe203 with 2.5% TiO2 (c) PVA-Fe203
with 5 % TiO2.

The formation of nanoparticles was further confirmed by FT-IR spectroscopy. (Fig. 2a)
shows FT-IR spectra of PVA-Fe203. the strong absorption peaks at 577 cm-1 can be attributed to
the Fe-O band vibrations [22]. FTIR spectra of synthesized nanocomposite PVA-Fe203 and
PVA-Fe203-TiO2, recorded in the range of 400-4000cm—1 are shown in the Fig.2 b,c. The peak
patterns of PVA-Fe203 appeared in the regions of 577cm—1 , 1640 cm—1 and 3247cm—1
corresponds to Fe-O, PVA with Fe . in the case of PVA-Fe203-TiO2 there are shifting in the
wavenumber in reduction in the intensity of peaks [23]. The reduction in the intensity of all the
peaks was observed in case of composites after the incorporation of TiO2.
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Fig. 2. FTIR spectra of (a) PVA-Fe203 (b) PVA-Fe203 with 2.5% TiO2 (c) PVA-Fe203 with 5 % TiO2.

Figure 3. shows the XRD Curve of PVA-Fe203 and PVA-TiO2. The XRD pattern shows

that the as-fabricated products belong to the crystal phase of hematite Fe203 (JCPDS No. 1-1053)
[24]. the diffraction peaks corresponding to Fe203 can be seen clearly. the two diffraction peaks
position of Fe203 at 20 = 33.50- and at 2 6 = 38.0° are confirm the formation of Fe203 [25-27].
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Fig. 3. XRD Curve of PVA-Fe203 and PVA-TiO2.

As seen in the Fig.4, PVA-Fe203 is highly transparent with transmittance of around 85 %
in range 600-800 nm. After addition of 2.5 % by weight of TiO2 nanoparticles, the transmittance
of nanocomposite drops to 75% in the same range of wavelength . Further addition of
nanoparticles reduced the percentage transmittance to 68%.
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Fig. 4.UV-Visble transmision spectra of PVA-Fe203 PVA-Fe203-TiO2 composites.

The optical absorption spectra of the PVA-Fe203 and PVA-Fe203-TiO2 are presented in
Fig. 5. The produced hybrids display strong absorption in the range of 440-570 nm. . It is
important to note that the absorption peaks of the materials gradually move to shorter wavelengths
with the addition of TiO2.
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Fig. 5.UV-Visble absorption spectrums of PVA-Fe203 PVA-Fe203-TiO2 composites.

The band gap value of the synthesized iron oxide nanoparticles is 2.2 which is higher than
that of bulk Fe203 [28] for which Eg value is 2.1 eV. Band gap widening is a striking effect of
guantum confinement that has been observed in numerous other semiconductor materials
possessing delocalized electronic states close to the Fermi level [29]. For structure contain TiO2
there are increase in the values of two ratio where it equal to 2.26 For 2.5 % and 2.4 eV. for 5 %
content as shown if figure 6 [30].

Figure 7 shows the relationship between the TiO2 content in the composite with the
energy band gaps. From figure can be found there are increasing in the value of energy gaps for
with increasing of TiO2 ratio and this result has good agreement with references [30].
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Fig. 6. Optical band gap of PVA-Fe203 PVA-Fe203-TiO2 composites.
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Fig. 7. The relationship between the TiO2 content in the composite with the energy band gaps.

4. Conclusions

In the present work, PVA and Fe203 nanoparticles were prepared by chemical method.
The effect of addition of TiO2 with two ratios on optical, structural and morphological properties
have been tested by FTIR,UV-VIS,XRD and FESEM. FTIR spectra analyses confirmed the
incorporation of NP in polymer matrix. With the addition of 2.5 % TiO2 nanoparticles, the
transmittance of nanocomposite decreased by 10 % whereas after further addition in steps of 5%
NP the transmittance decreased by 18 %. One of the remarkable properties of PVA/ Fe203
nanocomposites was the change in the optical band gap with addition of NP. The optical band gap
of nanocomposite increased with the increase of nanoparticles concentration.
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