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Abstract:

In this paper, pure PVA and phenol red/PVA films with several doping
ratio of phenol red (5, 10, 15, 20 and 25) ml have been obtained by solution
casting method. The optical properties were measured in range of
wavelength (200-650) nm. The experimental results show that the
absorbance of phenol red /PVA films was increased with increasing the
doping ratio of phenol red. The values of energy gap were decreased with
increasing the doping ratio of phenol red from (5.00 to 4.40) eV.
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1- Introduction:

PolyVinyl Alcohol (PVA) is one of the earliest and best known polymers,
it was seen to use in a variety of applications and is currently used
extensively in semiconductors applications. The transmission for visible
light is very high. Polymeric composites of (PVA) are known for their
importance in technical applications [1]. PVA has been applied in the
industrial, commercial, medical, and food sectors and has been used to
produce many end products, such as lacquers, resins, surgical threads, and
food packaging materials that are often in contact with food [2]. PolyVinyl
Alcohol for food use is an odorless and tasteless, translucent, white or
cream colored granular powder. It is most important soluble in water [3].
The general chemical structure of PolyVinyl Alcohol (PVA) is shown in
Figure (1) [4].
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Fig. (1): Chemical structure of PVA polymer [4].

Unlike most organic compounds, dyes possess color because they:
absorb light in the visible spectrum (400-700 nm), have at least one
chromophore (color-bearing group), have a conjugated system, i.e. a
structure with alternating double and single bonds, exhibit resonance of
electrons, which is a stabilizing force in organic compounds [5]. Phenol red
(also known as phenolsulfonphthalein or PSP) is a pH indicator frequently
used in cell biology laboratories. Phenol red was used in the
phenolsulfonphthalein test to estimate the overall blood flow through the
kidney and is now obsolete. Also use as Indicator for cell cultures,
Estrogen mimic, in swimming pool test kits [6]. The general chemical
structure of Phenol Red is illustrated in Figure (2) [6].
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Fig. (2): Chemical structure of Phenol Red Dye [6].

Liu Z. et al (2005) [7], developed novel method to immobilize phenol
red into poly (vinyl alcohol) (PVA) membrane for an optical pH sensor
with two determination ranges and long-term stability. Phenol red was first
reacted with the formaldehyde to produce hydroxymethyl groups, and then
attached to PVA membrane via the hydroxymethyl groups. The dynamic
response ranges of the sensor membrane became somewhat wider than
those of free forms, from pH 0-3 and pH 6.5-9.5 to 5M [H*]-pH 3.0 and
pH 6.5-10.5, respectively. Sreedhar S. et al (2016) [8] demonstrated that
blending an organic dye (guest/filler), with a vinyl polymer (host template),
IS an inexpensive and simple approach for the fabrication of
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multifunctional photonic materials which could display an enhancement in
the desirable properties of the constituent materials and, at the same time
provide novel synergistic properties for the guest-host system. A new
guest-host nanocomposite system comprising Phenol Red dye and poly
(vinyl alcohol) as guest and host template, respectively, which exhibits
tunable optical characteristics and saturable absorption behavior, is
introduced. The dependence of local electronic environment provided by
the polymer template and the interactions of the polymer molecules with
the encapsulated guest molecules on the observed optical/nonlinear
absorption behavior is discussed. Ganesh V. et al (2018)[9] Study the
growth of dyed Bis thiourea Zinc acetate single crystals of size ~30 mm x
7 mm x 5 mm is achieved by solution technique. X-ray diffraction and
FTIR spectroscopy are used to verify crystal structure and functional
groups. Intensity of diffraction peaks confirms good crystalline nature of
dyed Bis thiourea Zinc acetate crystals than pure. Two absorption bands at
~387 and 558 nm were observed in diffused reflectance spectra of dyed
crystals. The energy gap was calculated for both crystals and establishes to
be ~4.87 eV for pure and ~4.93 eV for dye crystals. Photoluminescence
spectra were recorded and a green emission band was observed in dyed Bis
thiourea Zinc acetate crystal at ~513 nm was observed in dyed crystal. The
aim of this work is studying the optical properties of PolyVinyl Alcohol/
Phenol red dye films.

2- Experimental Part:

Phenol red dye (C19H1405S) is pH indicator (pH= 6.4 — 8.2) yellow to red
with molecular weight (354.38 g/mole) equality product of (Qualikems fine
Chem Pvt. Ltd.) the amount was chose (0.3549 g). The phenol red dye
solutions in distilled water with concentration (0.5x10) mol/liter were
prepared according to the following equation (1) [10]:

m= C V MW (1)

Where.

m: The amount of the dye needed to obtain the desired concentration in (g)
C: the concentration needed to prepare in mol /liter.

V: the volume of solvent in liter needed to add to the dye.

M.: molecular weight of the dye used in g/mol.

PVA ([-CH,CH (OH)-],) is a granular powder with molecular weight
(Mw=70,000 g/mole)obtained from (Sigma-Aldrich); Certain amount (0.5
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g) of polymer was dissolved in constant volume of distilled water (10 ml).
The casting method was chosen to prepare dye doped polymer film [10,
11]. Different doping ratio from phenol red solution in distilled water
(0.5x10*) mol/liter was chosen: (5, 10, 15, 20 and 25) ml to add to polymer
solution. The mixture shake very well then poured into glass Petri- dish
with (8 cm) diameter, and left for (7 days) at room temperature which
approximately (30° C) to have homogenous films, with thickness about
(0.0097- 0.0146) mm, respectively.

The Transmittance and absorbance spectra for all samples were
measured by using UV-Visible spectrophotometer type (T80- series UV-
Visible spectrometer.

3- Theoretical Part

The absorption coefficient (o) is characterized as the ability of a material
to absorb the light of a given wavelength [12]:
o =2.303 2)
Where:
(A) is the absorbance of the material.
(t) is the thickness of the sample in (cm), To calculate optical energy gap
from eq. (2) [13]:
(ahv) = B (hv—Eg)" (3)
Where:

hv: photon energy, E,; : Optical energy gap, B: constant depends on the type

of transition, r =2 for allowed indirect transition and r = 3 for forbidden
indirect transition.

The extinction coefficient indicates how much light absorbs at a certain
wavelength. It is useful to have an estimation of this coefficient for
following which spectrophotometer when purifying it, [14, 15]. The
extinction coefficient (k) was calculated using the following:

al
K= (4)
The Refractive index (n), the index refraction of a material is the ratio of

the velocity of the light in vacuum to that of the specimen [14, 16].
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The reflectivity can be calculated from the refractive index and the
incidence angle with the Fresnel equations, which for normal incidence
reduces to [16]:

_ (n-1)?

T (n+1)2 (5)
_ (1+RY/%)
= "1"girz (6)

The complex dielectric function of material, denoted as [14]

€ =g +ig, (7)

Describes a materials response to an applied electric field, €; determines
the degree to which the material polarize in response to an applied field, the
following equation [14, 17].

£, = n? — k? (8)

Real part

While &, controls the relative phase of this response with respect to the
applied field in the following equation [14, 17]:

&y = 2nk
(9) Imaginary part

4- Results and Discussions:

The wavelength scans of the phenol red solutions showed three
absorbance maxima at (256 nm), (430-435) nm and (555-560) nm at
intensity (0.215), (0.401) and (0.092), respectively. As shown in figure (3)
matched with Surre J. et al [18].
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Fig. (3): Absorbance spectra of pure Phenol red solution.

The UV-VIS spectrum of absorption for pure PVA and Phenol red/ PVA
with different ratio of phenol red dye solution (5, 10, 15, 20 and 25) ml is
illustrated in figure (4) with range wavelength (200-650) nm. The
maximum wavelength of absorption spectrum for PolyVinyl Alcohol
(PVA) polymer at (275-280) nm with intensity (0.140). The result is
matched with the result obtained by researcher [10].

The absorption spectra at (275-280) nm of pure (PVA) film may be
attributed to n-n* transition of the hydroxyl group in the polymeric
macromolecule [10]. The maximum intensity absorption wavelength for
Phenol red / PVA films increased by increase the ratio of phenol red dye.

The conclusion from this figure is that: firstly; the absorption intensity
is continuously increased with the increasing of the ratio of phenol red dye.
Secondly; the absorption wavelength of phenol red in the two peak is
increased toward longer wavelength about (10 nm) as shown in table (1).
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Table (1): The maximum wavelength and absorbance of PVA and Phenol
red dye solution with different volume ratio

Sample Peak A max (NM) Amax
Phenol Red 1 265 0.215
2 435 0.401

430 0.401

3 560 0.092

565 0.092

PVA 1 280 0.41

275 014

PVA + phenol 1 275 0.478
Red +(5ml) 2 435-440 0.392
3 570 0.377

PVA + phenol 1 275 0.379
Red +(10ml) 2 435 0.376
3 570-575 0.272

PVA + phenol 1 275 0.48
Red +(15ml) 2 570 0.344
3 435 0.517

PVA + phenol 1 275 0.541
3 570 0.366

PVA + phenol 1 275 0.507
Red +(25ml) 2 435 0.601
3 570 0.383

It is clear that the transmittance for pure PVA much larger than phenol
red/PVA films in UV region, the transmittance spectra is inverse the
absorption spectra matched with Surre J. et al [18].
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Fig. (4): Absorbance spectra of pure PVA and Phenol red/ PVA films with
several donina ratio of Phenol red solution.

The eq. (2) is used to calculate the value of absorption coefficient, the
absorption coefficient is used to indicate the nature of electronic transitions.
It's obvious from Fig. (6), the values of absorption coefficient is less than
(o < 10* cm) so that indirect electronic transition is clearly investigated.
The value of energy gap can be determined for allowed transition
calculated by using eqg. (3) as shown in Fig. (7) and table (2) shown the
energy band gap for indirect allowed is decreased with increased the
doping ratio of phenol red , this behavior attributed to creation of new
levels in the band gap, lead to facilitate the crossing of electrons from the
valence band to these local levels to the conduction band [19].
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Fig. (5): Absorption coefficient of pure PVA and Phenol red/ PVA films with several

doping ratio of Phenol red solution.
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Fig. (6): The allowed indirect transition of pure PVA and Phenol red/ PVA films with
several doping ratio of Phenol red solution.

Table (2) Optical properties of pure PVA and Phenol red/ PVA films with
several doping ratio of Phenol red solution

PV A+ phenol red
Parameters Pure PVA | Phenol red Doping ratio of phenol red
5 10 15 20 25
AM(nm) 275-280 275 275 275 275 275 275
intensity 0.14 0.401 0.392 | 0.376 | 0.517 | 0.620 | 0.601
Allowed energy (eV) 5.00 5.40 4.80 4.80 4.80 4.55 4.40

Reflection spectrum calculated from eq. (5) and shown in Fig. (7)
Reflection for pure PVA is little at wavelength (280) nm and maximum
reflection obtained for ratio (25 ml) at wavelength (275 nm) is (0.181). The
reflection spectra is increased with increasing the volume ratio. Refractive
indices have been calculated from eq. (6) and illustrated in Fig. (8). The
maximum refractive obtained for ratio (25 ml) at wavelength (275 nm) is
(2.48) from refractive spectrum.
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Fig. (7): Reflection spectrum of pure PVA and Phenol red/ PVA films with several
doping ratio of Phenol red solution.
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Fig. (8): Refractive index of pure PVA and Phenol red/ PVA films with several
doping ratio of Phenol red solution.

The extinction coefficient that calculated from eq. (4) shown in fig.(9).
Maximum extinction coefficient at wavelength (275 nm) is (0.00021) for
ratio (20 ml) and decrease to be (0.00017) for ratio (25 ml) at the same
wavelength.
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Fig. (9): Extinction coefficient of pure PVA and Phenol red/ PVA films with
several doping ratio of Phenol red solution.

The real and imaginary dielectric constants determined from egs. (8)
and (9), respectively were determined and plotted as in Figs. (9) to (11),
respectively. The maximum real dielectric constant obtained for ratio (25
ml) at wavelength (275 nm), imaginary dielectric constant obtained for

ratio (20 ml) is (0.00103) and decrease to be (0.00086) for ratio (275 nm) at
the same wavelength.
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Fig. (10): Real dielectric constant of pure PVA and Phenol red/ PVA films
with several doping ratio of Phenol red solution.
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Fig. (11): Imaginary dielectric constant of pure PVA and Phenol red/ PVA films
with several doping ratio of Phenol red solution.

Conclusion:

The absorption intensity is continuously increased with the increasing
of the ratio of phenol red dye. Secondly; the absorption wavelength is
increased toward longer wavelength about (10 nm). The energy band gap
for indirect allowed is decreased with increased the doping ratio of phenol
red , this behavior attributed to creation of new levels in the band gap, lead
to facilitate the crossing of electrons from the valence band to these local
levels to the conduction band.
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