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Abstract - The Films of PVA-PEG-Sn were prepared with various
particle size of Sn element (0, 10, 75 and 150 um) by casting
method technique with thickness of 800 nm. The effect of Sn
additive on structural (FT-IR, optical microscope) and optical
properties of polymeric blend has been studied. Optical microscope
images indicated the uniform distribution of the Sn particles in the
structure of PVA-PEG-Sn films. The optical properties of PVA-
PEG-Sn films were calculated from recording the absorbance
spectra by using spectrophotometer (UV/1800/ Shimadzu) in the
wavelength range (190-1100) nm. The optical constants that
calculated in this study were found out that all these constants
increases with the increase of the particle size of (Sn). The optical
band gap (Eg) decreased from 4.5 eV for PVA-PEG film to 4.25
eV as the 150 um Sn particle size in the PVA-PEG-Sn film.
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1. INTRODUCTION

Polyvinyl alcohol (PVA) that essentially made from
polyvinyl acetate through hydrolysis, is easily degradable by
biological organisms, this soluble in water [1]. The
biopolymer is also a suitable material for biomedical
applications, such as drug delivery make this polymer very
important in the bio applications [2]. Polyvinyl alcohol
(PVA) is a non-toxic, water-soluble, highly crystalline,
light weight, transmittance, and biocompatible polymer. It
has interesting physical and chemical properties and it can
prepare it as film ability due to the abundance of hydroxyl

groups [3,4].
The properties of the coated product are based on

different parameters which are divided into four groups,
namely: support properties, coating agent properties, coating
technology of machine and process parameters. The
interactions between these different groups of parameters
generate the complexity of the process [5]. Polyethylene
glycols (PEG), is liquid or solid polymers of the general
formula H(OCH,CH;)n-OH [6]. For not having enough
clasticity, it can added many polymers for this purpose.
When plasticizer is added, the molecular rigidity is relieved
by reducing the intermolecular forces along the polymer
chain. [7]. For this purpose, it can not use the PEG to
prepare films without plasticizer or added other polymer.
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Single advantage of nanoparticles, as polymer fillers appear
to have is that compared to conventional fillers, loading
necessities are rather low. Micro-sized particles or/and
nano-sized particles used as reinforcing agents dispersion
light, thus decreasing optical clarity and light transmittance.
Efficient nanoparticle scattering combined with excellent
polymer material particle interfacial adhesion eliminates
dispersion and allows the exciting possibility of rising
strong yet transparent films, coatings and films [8].

Optical properties of polymers are important aspects in
the study of electronic conversion and the possibility of their
application such as a cover in solar collection, optical filters,
and antireflection coatings [9]. Many researchers are studied
PVA-PEG blend [10-13], and no researcher studied the
PVA-PEG-Sn system. It is found that the PEG content up to
60% can provide the best compatibility of the PVA/PEG
blend [14]. The present work deals with preparation of
(PVA-PEG-Sn) films with good plasticity and good
morphology of surface, and study their structural and optical
properties for piezoelectric and sensors applications.

2. THEORETICAL PART
The absorption coefficient (o) that depends on the

energy of the incident photon and the type of the carrier (p
or n) of a semiconductor. It can be calculate from the
following equation [14]:
a=2303 (A/t) cccoerennnn..
where A: is the absorbance and t: is thickness.
For amorphous semiconductors, the transitions model is
[15]:
ahv =B (hv Eg)™

where B is a constant, hv is the photon energy, h is
Planck’s constant, E, is the optical energy band gap
(calculated from the extrapolation line acting the x-axis).
The values of m = 2 for allowed indirect transition and m =
3 for forbidden indirect transition.
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The refractive index (n) of (PVA-PEG-Sn) composites
calculated by using following equation [16] :
n=(14R1/2) / (1-R1/2) 3)
The extinction coefficient (ko,) is given by using the
equation [16]:

“

The real and imaginary parts of dielectric constant (real
part € and imaginary part €) for (PVA-PEG-Sn)
composites can be calculated by using equations [17]:

— 2. 12
g =n"- k

3. EXPERIMENTAL PART

The (PVA-PEG-Sn) films were prepared with various
particle size of Sn via casting solution method. The films
were prepared from dissolving 1 g of polymers (80 wt.%
PVA, 20 wt.% PEG) in 50 ml of distilled water. Magnetic
stirrer was used to solve the PVA in the distilled with
temperature 50°C, and then the PEG was added. The Sn
particles (0.02 wt.%) was added to the PVA-PEG polymeric
blend with various particle size (0, 10, 75 and 150 pm). The
homogeneity will achieved because the magnetic stirrer that
examined from the optical microscope. FT-IR device was
used to determine the nature of the structure and the
function group of PVA-PEG blend. The optical properties of
PVA-PEG-Sn films were measured by using UV/1800/
Shimadzu in the wavelength range of 190-1100 nm.

4. RESULTS AND DISCUSSION

Fig.1 represents the FT-IR examination of PVA-PEG-
Sn films with various particle size of Sn. The activation
groups can determine using FT-IR. From the figure, some
changes in the transmittance spectra especially in the region
of finger print (wave number = 1500-500 cm!), refer to the
affect of the PVA-PEG blend in the additive of Sn, as seen
in the Fig.1 (parts a, b, c, d).
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Fig.1: The FT-IR spectra of PVA-PEG blend with various particle size

content of a. bare, b. 10 um, ¢. 75 um, and d. 150 pm Sn.

Optical ~ microscope  images of PVA-PEG-
Sn films with different particle size of Sn are
shown in Fig2. From optical microscope can
study the surface morphology and the
arrangement  and  distribution of Sn  particles
insidle the PVA-PEG blend. Optical microscope
image for (PVA-PEG-Sn) films show that the
Sn particles are aggregated with good
distribution as a clusters at smaller particle size

(10 pm and 75 pm, Fig.l parts b and c). At
bigger particle size of Sn (150 pm, Fig.l part d)
the Sn particles form a paths network inside the
prepared films.
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Fig.2: The optical microscope images of PVA-PEG blend at 100X with
various particle size content of a. bare, b. 10 um, ¢. 75 um, and d. 150 pm
Sn.

In Fig.3 the relation between the absorbance and the
wavelength is presented. It is well known that PVA-PEG
blend absorbs the radiation strongly in the wavelength
region 200-400 nm. Fig.3 signifies the shift in the
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absorption bands and the band edges towards the lower
energies with different absorption interfaces for different
particle size of Sn in the PVA-PEG blend. This can be more
explained by using Beer’s law. The shift that appear in the
absorption edge of the PVA-PEG-Sn films are essentially
due to the variation in crystalline parameters and the
variations in the particle size of Sn, leads to changes the
energy band gap.
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Fig.3: The absorbance spectra of PVA-PEG-Sn films.

Fig.4 signifies the shift in both transmittance bands and
the band edges towards the higher wavelengths with
different absorption intentsites for different concentrations
of doped PVA-PEG blend samples. The transmittance
decreasing with the increasing of Sn particle size, leads to a
decrease in light scattering losses.
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Fig.4: The transmittance spectra of PVA-PEG-Sn films.

The values of energy band gap for indirect transition
calculated for different Sn particle size of the composites
samples are presented in Fig.5. It is clear from Fig.5 that as
the Sn particle size increases the band gap value decreases.
The energy gap decreased from 4.5 eV for the PVA-PEG
film to 4.25 for the film PVA-PEG-Sn with 150 pm particle
size of Sn. The decrease in the optical energy gap (Eg)
values are due to the forming the network inside the
polymeric blend (PVA-PEG) make the prepared films less
resistance to the electrical and optical conductivity.
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25 ths are shown in Figs. (8 and 9). As shown in figures, the
— 75 real and imaginary parts of dielectric constant are changed
il — | Hm Sn - . . :
. ——PVA-PEG 75 um Sn / with Sn particle size and wavelength. The values of the real
= -PVA-PEG 150 ym Sn / . . . . .
E / dielectric constant (PVA-PEG-Sn) composites are high with
3 respect to the imaginary dielectric constant [19,20].
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Fig.5: The values of energy band gap for allowed indirect transition il ‘
calculated for different Sn particle size of the PVA-PEG-Sn. ] |
Fig.6: shows the refractive index versus wavelength of 0! ; ; ‘ ;
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Sn films increases with increasing of Sn particle size. It has
been concluded that when the incident light interacts with a
material has a large amount of particles, the refraction will
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Fig. 6: the refractive index of (PVA-PEG-Sn) composites with wavelength.

The variation of extinction coefficient (k) with
wavelength for PVA-PEG-Sn films are shown in Fig.7. The
extinction coefficient increases with increasing of Sn

particle size. This behavior of extinction coefficient can be 3 ——PVAPEG
K R K K L. ——PVA-PEG 10 pm Sn
- —PVA-PEG 75 S
explained as a high absorption coefficient. The extinction 2.5 —— PYAPEG D1 o

coefficient is high at the longest wavelength.
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Fig.8: The variation of real part of dielectric constant of (PVA-PEG-Sn)
films with wavelength.

Fig. 9: The variation of imaginary part of dielectric constant (PVA-PEG-
Sn) films with wavelength.

The optical absorption coefficient a behavior for PVA-
PEG blend is given in Fig.10, it resembles the absorption
spectra. From the figure, the absorption coefficient increases
by the increase of Sn particle size, this may be attributed to
increase the absorbance [21].
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Fig.10:The variation of the absorption coefficient with wavelength for

°‘°°g 1 (PVA-PEG-Sn) films.
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Fig.7: The variation of extlncgg)g_céc;le)fgif:t with wavelength for (PVA- prepared via solution casting method with
The variation of real (e) and imaginary (e2) parts of  vArious particle size of Sn. The additives of Sn
. . . affected on the structure from the changes the

dielectric constant of (PVA-PEG-Sn) films with waveleng- o e

activation groups. The good distribution of Sn
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in the PVA-PEG films can concluded from the
optical microscope images. The optical
properties are studied in the wavelength range
190-1100 nm. The absorbance was increased
with the increasing of particle size of Sn,
whereas the transmittance decreased. The
optical constants that studied are increased with
the increasing of Sn particle size. The optical
energy gap was decreased from 4.5 eV for the
PVA-PEG film to 4.25 for the film PVA-PEG-

Sn with 150 um particle size of Sn. The uniform
distribution of Sn and good optical properties of
the PVA-PEG-Sn  system and suitable energy
gap can candidate it in solar cell application.
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