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ABSTRACT

Background: This work aims to study the impact of 532 nm laser irradiating on the optical
properties of the Polyvinyl alcohol/ Methyl Red (PVA/MR) solution before and after laser
irradiation 32mW with various times (0, 20, 30 and 40) minutes.

Materials and Methods:

The polymer (PVA) powder 500 mg was dissolved in 50 ml distilled water at temperature 80
°C and the methyl red (MR) 30 mg was dissolved in 10 ml at temperature 80 °C using
solution dilution formula C,V; = C,V, . A semiconductor laser with a wavelength of 532
nanometers was used to irradiate the solution.

Results:
The absorbance, reflectance, and transmittance spectrum of solution prior to and following
laser irradiation were recorded. Then, the optical constants and energy gap were calculated.

Conclusions:

The irradiation with the 532nm laser leads to a break of the bonds (From the absorbance
spectrum, it decreases as the irradiation time increases. This indicates the breaking of bonds.)
that results in an increase in the transmittance spectrum, and the energy gap.

Key words: PVA/MR; Optical properties; green laser irradiation; indirect energy gap.
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INTRODUCTION

Polymers have numerous benefits, including low cost, flexibility, high strength,
and excellent mechanical properties. Material suitability for optoelectronic and
photonic applications can be achieved with polymers [1]. A linear or semi-crystalline
synthetic polymer, polyvinyl alcohol is granular or pulverized, whitish, odorless,
tasteless, innocuous, biocompatible, and thermostable [2]. Application fields, such as
biomedical, sensors, and computation, have noticed a surge in its significance [3]. The
PVA chemical structural is illustrated in Figure 1.

Methyl Red is classified as an organic compound due to the carbon and hydrogen in
the atomic structure, supplemented by nitrogen and oxygen elements. In the study of
organic chemistry, these structural elements are commonly known as functional
groups. Two rings within the molecule contain double bonds; these rings are referred
to as aromatic or benzene rings [4]. The main application of the MR serves as an
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indicator of the benzenoid structure (yellow) in a base medium and the quinonoid E

structure (red) in acidic medium. As a pH indicator, methyl red can be applied to 2
radiochromic material [5]. The chemical formula of the Methyl Red is C;sH,5N30, as 2

illustrated in Figure 2. E
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The laser radiation is transmitted and reflected when it strikes a surface (the air-solid 3

contact). Some of the beams are reflected, some are absorbed, and some are g

transmitted. According to Beer Lambert's law, it is absorbed when it moves across a
new medium[8]:
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I = Ioe_at (1)

Where |, and | are the intensity of the incident and transmitted photons respectively, (
a) is the absorption coefficient and (t) is the thickness of sample.
The optical characteristics present an information regarding the interaction between
the electromagnetic radiation and materials. The energy gap Eg is equivalent to or
smaller than the photon energy.
The electron-hole pair is composed of the photon's maximal wavelength, denoted as A,
which is defined as [9]:

hc 1240

A(nm) = E,  E,(eV)

(2)
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The absorbance spectrum is used in calculating the absorption coefficient of the films:
[10]:

A
@ =2303 (3)

Where A is the absorbance, from which the extinction coefficient (k) is calculated
[11]:

_a/1
T 4m
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k (4)

The ratio of the speed of light in a substance to the speed of light in a vacuum results
the refractive index (n). It may also be computed utilizing the subsequent formula

T

Y >

[12]:

k

& _ [ 4R, 1tR -
L n= [a=ry 1—R )
P

For the calculation of reflectance, the following relationship is used [13]:

R=1-./Texp(A) (6)
Where T is the transmittance.
The real (e,) and imaginary (g;) part of the dielectric constant were obtained using
the equations [14]:

TSy S T T

g =n? —k? (7)

info(@journalotbabylon.com | jub(@itnet.uobabylon.edu.iq | www.journalotbabylon.com

g = 2nk (8)
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The materials' band gap energy is derived from Tauc equation of the following form

[9]:

ahv = B(hv — E;)" 9

The B constant is correlated with the structure of the sample and r represents the
empirical index that signifies the electronic transition.

The optical conductivity of a material are given by the following relation [15]:

Oop = ANCE = (10)
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Where c is the velocity of light and & : equal to (8.854x10712F/m) the electrical
permittivity of the space.

MATERIALS AND METHODS

The polyvinyl alcohol and Methyl Red powder were supplied by Sigma-Aldrich
Company, Where it is dissolved in 50 ml of distilled water, precisely 500 mg of PVA
and 30 mg of MR in 30 ml of water are weighed and diluted at 80 °C. The mixtures
were subsequently vigorously stirred with a magnetic stirrer for approximately 10
minutes at room temperature, or until the PVA and MR had completely dissolved.
The solution are irradiated using a laser with a 532 nanometers wavelength (Green)
and 32 mW laser power for various time intervals (0, 20, 30 and 40) minute. Using
the UV-Vis spectrophotometer (Shimadzu, UV-1900 I, JAPAN), the optical
properties were obtained before and after laser irradiation. An investigation is
conducted on the absorbance spectra and transmittance within the wavelength range
of (190—1100) nm. The crystal structure of PVA and MR was investigated by XRD.
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N
E RESULTS AND DISCUSSION
(.
I The purified PVA thick films exhibited significant crystalline reflections at
b approximately 20 = 19.92° and 42.74° in their X-ray diffraction (XRD) pattern. The
[ two peaks in the PVA X-ray pattern represent reflections from a monoclinic unit cell
- at (200) and (110).[ since the sample is solution so we can’t perform XRD]
i” 400 ide - | f
f e ;N g ‘ ~
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Fig. 3: (a) Polyvinyl alcohol and (b) Methyl Red X-ray diffraction patterns.
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The UV-Visible absorption spectrum of purified PVA/MR solution is measured both
prior to and after irradiation for durations of 0, 20, 30, and 40 minutes. the absorbance
spectrum in the rang (330_610) nm for PVA,MR, and PVA/MR At 460 nm, the
PVA/MR solution exhibits an absorption peak in the ultraviolet region. The absence
of absorption peaks is noted at longer wavelengths. The absorbance peaks shift red to
the visible wavelengths as a result of laser irradiation. In addition, as the irradiation
times increase, the absorption decreases due to the break of intermolecular bonds,
illustrated in Figure 2.
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Fig. 4:(a) The absorbance spectrum of PVA /MR solution for different irradiating times (0, 20, 30 §

and 40) min. (b)The absorbance vs. irradiating times at 460 nm wavelength. 2
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B Figure 5 shows the transmittance as a function of the wavelength. Transmittance 3
S decreases as the irradiation time increases, this phenomenon can be ascribed to the x
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Figure 6 shows the band gap for allowed indirect transitions (r =1/2). The energy gap

is determined by extrapolating the linear part of (ahv)/? towards the (hv) axis
leading to an estimated value that listed in Tables 3. It is found that the band gap
increases with increasing the irradiation time as a result of decreasing the absorption.
The result is In agreement with [16][9].
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Fig.6: (a) The (ahv)l/z of PVA/MR solution vs. of the photon energy for different irradiating
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times (0,20, 30 and 40) minutes. (b) The indirect band gap vs. irradiating times at 300 nm.
. Tablel: The optical parameters of PVA/MR composite at a wavelength of 300 nm.
> Irradiating a =10 . N . . E, (eV) 00 (s~1)
. time(minute) | (cm™) real ' 9 op
o 0 0.292 0.00133 | 2.477 6.136 5.306 2 0.173
[
! 20 0.258 0.00096 | 2.404 5.783 4.550 2.01 0.148
=
30 0.196 0.00085 | 2.205 4.863 3.169 2.02 0.103
40 0.128 0.00082 | 1.876 3.520 1.762 2.03 0.057
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CONCLUSION

Absorbance spectra were recorded for PVA/MR solution to be able to calculate the
optical parameters as a response of the laser effect. It was found that , K, n, &,., €;, and
oope decreased while E, increased by the increase of the irradiating time. the
irradiation time presents a great opportunity for bonds breakage, thus decreases the
thick films absorption, and then increase in the energy gap. It is concluded that the
laser irradiation can improve the films' structure, control the energy gap and the
optical parameter. Examining the optical properties of this combined material has an
important impact across various fields for instance pH sensing for food packaging.

designing optoelectronic devices, manufacturing the biological sensors to detect
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pollutants and toxins, besides crucial research to understand the light-matter

interaction.
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