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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-Y,0; 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-Y,0; nanocomposites may be used as high-activity antibacterial ma-
terials.

HocaigskeHo BUIOTOBJIEHHA HAHOKOMIIO3UTIB  IOJIiBiHIJIOBUUI  CcIIUPT—
nmoJyieTuNIeHTIiKoNb—oKcu g ITpito Ta ixHiI cTpyKTypy i YP-xapakTepucTUKU
I aHTHOaKTepisnabHUX 3acrocyBaHb. Haunorkommnosutu PVA-PEG-Y,0,
TOTYIOThCS 3 PiBHMME KOHIIEHTPAIliAMMU HAHOYACTHHOK OKCHAY iTpito Ta mo-
JimepiB. PesyabTaTy mOKas3ylOTh, IO OINTHUYHI mapaMeTpu CYMIiIi 30iabIry-
I0ThCA, B TOM Yac AK eHepreTWYHa IMiJIMHA 3MEHIIYEThbCA 3i 306iabITeHHAM
BMicTy okKcupy irpiro. PesysbraTu onTuuHOi xapaKTepusallii cBiguaTh IIpo
Te, mo HaHokoMmo3utu PVA-PEG-Y,0; MOXYyTh BUKOPHCTOBYBATHUCA K
aHTHOAKTePiAJbHI MaTepiaAan BUCOKOI aKTUBHOCTH.

Key words: nanocomposites, blends, yttrium oxide, optical parameters,
antibacterial activity.

KarouoBi croBa: HaHOKOMIIO3UTH, CYMiIlli, OKCHJ iTpit0, ONTUYHI mapaMmeT-
pu, auTubaKTepisabHA aKTUBHICTD.
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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 H,0,. 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—-Y,0; nanocompo-
sites are investigated for biological applications.

2. THEORETICAL PART
Absorption coefficient a of nanocomposites is given using [20]:

o=2.3034/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]:

ahv = B(hv-E,)", (2)

where B is constant, Ahv—photon energy, E,.—energy gap, for al-
lowed transition (r = 2) or forbidden indirect (r = 38) transition.
Extinction coefficient k of nanocomposites is given as follows [22]:

k=oaA/(4m). 3)
Refractive index n is given using the relationship [23]:
n=0+R"")/1A-R". 4)

The real (g;) and imaginary (g,) parts of dielectric constant are
given by [24]:

812 nz_ kz, 82 = an. (5)
The optical conductivity is given using the equation [25]:

c=anc/(4n). (6)

3. EXPERIMENTAL PART

Films of PVA-PEG—-Y,0; 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
Y,0; added to the PVA/PEG with ratios are 2, 4 and 6 wt.% . Opti-
cal characterizations of PVA-PEG-Y,0; 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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Fig. 1. The absorbance with wavelength for nanocomposites.
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Fig. 2. Energy gap of PVA-PEG-Y,0; nanocomposites for allowed indirect
transition.

sults [31-35].

The energy gaps of PVA-PEG-Y,0; nanocomposites are shown in
Fig. 2 for allowed indirect transition. The energy gap decreases
with the increase in Y,0; percentages due to the levels formation in
the energy gap [36, 37].

The electronic conduction depends on Y,O; concentrations and
increases with increase in Y,0; percentages [38] shown in Fig. 3.

The refractive index with wavelength is shown in Fig. 4. The refrac-
tive index increases with increasing of Y,0; concentrations that at-
tributed to increase of the density of nanocomposites [39—43].

Figure 5 shows the dielectric constant with wavelength. The real
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Fig. 3. Microscope images (x10): (a) pure blend; (b) 2 wt.% Y,0;; (c) 4
Wt.% Y203; (d) 6 Wt.(yo Y203-
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Fig. 4. Refractive index as a function of wavelength.

part generally depends on n? because the k* values are small [44,
45].

Figure 6 shows the optical conductivity variation with wavelength.
The conductivity increases with increase of Y,0; concentrations.
The increase of optical conductivity related to the new levels for-
mation in the band gap [46-50].



678 Ammar YAHYA, Hind AHMED, Ahmed HASHIM et al.

7
] —+—Pure
I\ —=—2wi%
g4\ —— 4%

B6wi%
B
g,
54\ T
Ean e
iy M‘—“‘—'\q—f—q\_& .
.1"> il T S Y

U
l]ll—.-.l_.]JH'l.'

I e e e L e e e e L e e A e LA S e |
220 320 420 520 620 720 820

Wavelenght, nm
Fig. 5. Real part of dielectric constant with wavelength.

2.0E+12 7

—+— Fure

—a—2wi%

—a—4wt%
&wt.%

16E+12 4

12412

8.0E+11

Bp, A
=B r~ =y
Bt ﬂ«&ﬁ-g—ﬁﬂﬂﬁ—&-ﬁﬂ-ﬁﬁ i
Ly =1
i+ B -
o] -III'I-II—II“'.“"‘.

0.0E+00
220

Optical Conductivity, S7?

320 420 520 620 720 820

Wavelength, nm

Fig. 6. Optical conductivity variation with wavelength.

5. CONCLUSION

The optical absorbance of PVA/PEG blends changes with an increase of
Y,0; concentration. The energy gap of polymer blend decreases with an
increase of weight percentages of Y,0; nanoparticles. The optical pa-
rameters change as Y,0; nanoparticles’ concentrations increase.
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