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Fabrication of polyvinyl alcohol–polyethylene glycol–yttrium oxide nano-
composites and their structure and UV-characterizations for antibacterial 
applications are investigated. The PVA–PEG–Y2O3 nanocomposites are 
prepared with different concentrations of yttrium oxide nanoparticles and 
polymers. The results show that the optical parameters of blend are in-
creasing while energy-gap decreases with an increase of yttrium oxide 
content. The results of optical characterization indicate that the PVA–
PEG–Y2O3 nanocomposites may be used as high-activity antibacterial ma-
terials. 

Досліджено виготовлення нанокомпозитів полівініловий спирт–
поліетиленгліколь–оксид Ітрію та їхні структуру і УФ-характеристики 
для антибактеріяльних застосувань. Нанокомпозити PVA–PEG–Y2O3 
готуються з різними концентраціями наночастинок оксиду ітрію та по-
лімерів. Результати показують, що оптичні параметри суміші збільшу-
ються, в той час як енергетична щілина зменшується зі збільшенням 
вмісту оксиду ітрію. Результати оптичної характеризації свідчать про 
те, що нанокомпозити PVA–PEG–Y2O3 можуть використовуватися як 
антибактеріяльні матеріяли високої активности. 
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1. INTRODUCTION 

Nanotechnology is promising as a fast growing area with its technolog-
ical application for the reason of developed new substance in nanosize. 
It can be proved a boon, because it has a large possibility to get benefits 

in fields as information and communication technology, drug im-
provement, water decontamination. Nanomaterials’ canister is also 

used for particular medical applications such as fabrication of new 

drug delivery, improving the presentation of biomedical instruments 

or fabrication of the analytical imaging substances. The antimicrobial 
indicate to a matter that death or control the growth of bacteria. Metal 
oxide nanoparticles are acknowledged to their strong antibacterial 
properties [1]. Polymers have to an increasing extent developed into 

attractive because of their broad of applications, viz., optoelectronics, 
biotechnology and photonics. Polyvinyl alcohol (PVA) is water soluble 

with excellent mechanical and thermal characterizations. PVA has 

wide uses in fields such as building, electronics, medicine and other 

industries [2]. The properties of polymer–semiconductor nanocompo-
sites dependent on size compose these materials especially attractive in 

conditions of their potential application in a variety of fields of tech-
nical such as single electron transistors, optical switch, solar cells, 
non-linear optics, and optoelectronics devices [3]. Yttrium oxide is 

promising for optoelectronic devices and for chemical catalysis. It is 

used for biological imaging applications [4]. Many papers investigated 

the potential of nanoparticle, permeation inside the bacterial as a po-
tential toxicity method. Usually, three paths for nanoparticles’ entree 

into cells occur: channel implication, endocytosis and diffusion. When 

come in the cell, nanoparticles may be possibly generating H2O2. This is 

the purpose of a particular mechanism occurring to void the existence 

of hydrogen peroxide for detoxifying the cell [5]. The addition of mi-
cro- and nanoparticles to the polymers deals with enhancement the 

properties of polymers such as electrical properties [6–9], dielectric 

properties [10–16], optical properties [17–19], etc. In this paper, fab-
rication and some physical properties of PVA–PEG–Y2O3 nanocompo-
sites are investigated for biological applications. 

2. THEORETICAL PART 

Absorption coefficient  of nanocomposites is given using [20]: 

 2.303A/t, (1) 
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where A is absorbance and t is thickness. The indirect transition 
type for amorphous materials calculated using the equation [21]: 

     ( )
r

gh B h E , (2) 

where B is constant, h—photon energy, Egg—energy gap, for al-
lowed transition (r2) or forbidden indirect (r3) transition. 
 Extinction coefficient k of nanocomposites is given as follows [22]: 

 k/(4). (3) 

 Refractive index n is given using the relationship [23]: 

   1/2 1/2
(1 ) / (1 )n R R . (4) 

 The real (1) and imaginary (2) parts of dielectric constant are 
given by [24]: 

 1n
2k2, 22nk. (5) 

 The optical conductivity is given using the equation [25]: 

    / (4 )nc . (6) 

3. EXPERIMENTAL PART 

Films of PVA–PEG–Y2O3 nanocomposites were fabricated from (poly-
vinyl alcohol-polyethylene glycol) as matrix and yttrium oxide nano-
particles as additive by using of the casting method. The 1 gm of 78 

wt.% PVA/22 wt.% PEG was dissolved in 20 ml of distilled water. 
 The magnetic stirrer used to mix the materials for 1 hour. The 
Y2O3 added to the PVA/PEG with ratios are 2, 4 and 6 wt.%. Opti-
cal characterizations of PVA–PEG–Y2O3 nanocomposites test by us-
ing spectrophotometer (Shimadzu, UV-1800A) at wavelength of 
photons 200–800 nm. 

4. RESULTS AND DISCUSSION 

Figure 1 represents of absorbance variation with wavelength. From 
this figure, the optical absorbance spectra increase with increase 
the concentration of additive. In addition, the figure shows that the 
absorption spectra increase at UV that related to the electrons ex-
citement at UV energies, so the optical absorption spectra of nano-
composites have low values at visible and near infrared areas [26–
30]. The behaviour of absorbance spectra is consistent with the re-
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sults [31–35]. 
 The energy gaps of PVA–PEG–Y2O3 nanocomposites are shown in 
Fig. 2 for allowed indirect transition. The energy gap decreases 
with the increase in Y2O3 percentages due to the levels formation in 
the energy gap [36, 37]. 
 The electronic conduction depends on Y2O3 concentrations and 
increases with increase in Y2O3 percentages [38] shown in Fig. 3. 
 The refractive index with wavelength is shown in Fig. 4. The refrac-
tive index increases with increasing of Y2O3 concentrations that at-
tributed to increase of the density of nanocomposites [39–43]. 
 Figure 5 shows the dielectric constant with wavelength. The real 

 

Fig. 1. The absorbance with wavelength for nanocomposites. 

 

Fig. 2. Energy gap of PVA–PEG–Y2O3 nanocomposites for allowed indirect 
transition. 
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part generally depends on n2 because the k2 values are small [44, 
45]. 
 Figure 6 shows the optical conductivity variation with wavelength. 
The conductivity increases with increase of Y2O3 concentrations. 
The increase of optical conductivity related to the new levels for-
mation in the band gap [46–50]. 

 

Fig. 3. Microscope images (10): (a) pure blend; (b) 2 wt.% Y2O3; (c) 4 
wt.% Y2O3; (d) 6 wt.% Y2O3. 

 

Fig. 4. Refractive index as a function of wavelength. 
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5. CONCLUSION 

The optical absorbance of PVA/PEG blends changes with an increase of 

Y2O3 concentration. The energy gap of polymer blend decreases with an 

increase of weight percentages of Y2O3 nanoparticles. The optical pa-
rameters change as Y2O3 nanoparticles’ concentrations increase. 
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