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ABSTRACT

In this study, effect of incorporation different percentages of methyl orange (MO) (0%,10% and 20%) with
polystyrene (PS)substance were investigated. The optical characteristics of the prepared specimens were
studied in term of absorbance spectrum for wave lengths of (300-1100 nm) before and after doping process,
using UV-Visible Spectrophotometer device. The study results included calculations of the following
properties: absorbance and extinction coefficient, refractive index, real and imaginary parts of dielectric
constant and optical gap energy coefficients of allowed and forbidden indirect transition. Further, results
show that each of absorbance property, refraction property, absorbance coefficient, extinction property, and
real and imaginary insulation constant increasing proportionally with increasing of (MO) concentration.
While the values of Transmittance and optical gap energy of allowed and forbidden indirect transition
properties have an inverse relationship, where the values of these properties were decreased with increasing
of (MO) concentration.
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1. Introduction

It is necessary to study the optical properties of polymers since they are involved in various applications
nowadays, especially in manufacturing of filters, solar cells ... etc. polymers can be classified based on their
thermal behavior into two types are, thermoplastics and thermosets. Thermoplastics polymers are those
polymers that their shapes are changing by heating and pressure processes which result in modifications on
their physical properties. Such polymer is polystyrene one, which shall have been considered in this study.
The second type of polymers are thermosets polymers, which their characteristics doesn’t change or affected
by heating process [1,2]. Polystyrene is characterized by its insolubility in acids and bases substances, but it
dissolves in gasoline. It is also characterized by its high transparency. Further, the solid and pure state of
polystyrene polymer has colorless property which with such property enabled it to be utilized in various
manufacturing process such as: cups, smoke detectors in buildings, in laser cases, packaging materials,
insulation and other applications. It worth to be mentioned that The Glass transition temperature and melting
point (T4 and Ty,) of such polymers are about (100 °C) and (240 °C), respectively [3] . In the other side,
Methyl orange which has an International Non Proprietary Name (INN) of (Methyl Thioninium Chloride), is
an organic compound whose chemical formula is (C14 His N3 Na O3 S). It considers as a toxic organic dye. It
can be used as a guide in the calibration of acids and bases substances. In addition, it is an orange powder that
can dissolve in water but cannot be dissolved in alcohol [4].

2. Experimental method

In this study, polystyrene polymer has been used in powder form, which was supplied from Dent aurum, the
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German Company, in addition to the methyl orange substance. The experimental work was achieved by
addition of two different percentages of methyl orange substance (10% and 20%) to 1.5 gram of polystyrene
polymer in thermal press which consists of a mold like a cylinder shape of 3 cm diameter. The specimens
were conditioned under 145 °C temperature and 100 bar pressure for 10 min. finally, the prepared conditioned
mixture was left to cool down to obtain specimens with 3 cm diameter, and 0.15 cm thickness. The optical
characteristics of the prepared specimens were investigated by recording the obtained results of absorbance
spectrums, transmissivity, and reflection properties at wave lengths range (300-1100 nm) , using a device UV-
Visible spectrophotometer and factory by company (Shimadzu) Japanese All measurements were recorded at
room temperature.

3. Results and discussion

Figure (1) illustrates the relation between absorbance property and wavelength for specimens, before and after
addition of methyl orange, and for dosing ratios of (0%, 10%, and 20%). It can be observed from the figure
that absorbance property increases proportionally with blending ratio because of high absorbance property of
methyl orange particles. such material is non-transparent in term of the mentioned wavelengths, and this agree
with some research results [5].
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Figure 1. Relation between the absorption and wave length of PS before and after doping with MO at different
concentration

Figure (2) represents behavior of transmissivity curve with the polymer wavelength before and after doping
process. It can be observed that transmissivity values decrease with higher doping ratios, which go with the
results of reference [6].
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Figure 2. Relation between transmition property and wavelength of PS before and after doping with MO at
different concentration
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Figure (3) clarifies the behavior of reflection property curve with wavelength for the treated and untreated
polymers specimens. Form the pervious figure, it can be noticed that reflection property has the same behavior
of absorbance property curve, and this agree with the results of reference [7]. It worth to be mentioned that the
reflection property values was calculated utilizing from Lambert Law as follows [8]:

RAEAFT =1 oo (1)
Where:
R : is the reflection property;
A: is the absorbance property.
T: is the transitivity.
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Figure 3. Relation between Reflectance property and wave length of PS before and after doping with MO at
different concentration

Figure (4) illustrates the relation between absorbance property coefficients and Photon energy for the
polymers specimens before and after doping process. it should be noted that absorption coefficient values can
be utilized to understand the behavior of electronic transitions. when the absorption coefficient values are high
(o> 10* cm™), the electronic transitions are of the direct type, but if the values of absorption coefficient are
low (a < 10* cm™) transitions are Indirect type. Hence, From Figure (4) it has observed that the values of the
absorption coefficient were less than (10* cm™), which means that the electronic transitions of the samples
under the study are indirect. Also, it can be seen that the values of the absorption coefficient increases
proportionally with increasing doping ratios, and this is consistent with the results of reference [9]. Where the

values of Absorption Coefficient were calculated from the following relationship [10]:
A

@=2303 o )
Where X is the thickness of the tested specimens.
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Figure 4. The relation between the absorbance coefficient and photon energy of PS before and after doping
with MO at different concentration
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Figure (5) shows the relationship between the extinction coefficient values and the wavelength of the
tested samples before and after doping process and for different doping ratios. It can be observed from the
figure that the values of extinction coefficient after doping process are higher than their values before the
process, and the compatible with the results of reference [11]. Where values of extinction coefficient were

calculated using the following formula [12]:
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Figure 5. Relation between the extinction coefficient and wave length of PS before and after doping with MO
at different concentration

Figure (6) illustrates the relationship between the refraction coefficient values (n) and the wavelength of
the tested samples before and after doping process for different doping ratios. It can be observed from the
figure that the values of refraction coefficient after doping process were lower than their values before the
process, and the compatible with reference [13]. Where values of (n) were calculated using the following
formula [14]:
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Figure 6. The relation between Refractive Index and photon energy of PS before and after doping with MO
at different concentration

Figures (7) and (8) illustrate the relationship between the real and imaginary isolation constant with the
photon energy of the tested samples before and after doping process. where it has noticed from these figures
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that the behavior of values of (g,) coefficient are similar to extinction coefficient (K) curve behavior, and this
go with the results of reference [15] . Both re and i were calculated from the following equations [16] :

E= € =& vt &)

g = n2— K2 (6)
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Figure 7. The relation between the Real dielectric constant (er) and photon energy of PS before and after
doping with MO at different concentration
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Figure 8. The relation between imaginary dielectric constant (i) and photon energy of PS before and after
doping with MO at different concentration

The optical energy gap for the allowed and prohibited indirect transmission was calculated from the following
relationship:

ohv =B (ahv— Eg)" ... (8)
Where:
B : is a constant
hv :is the absorbed photon energy,
E, :is the optical energy gap
r :is an exponential coefficient depending on the type of transition.
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Figure (9) shows the relationship between (ohv)? and the photon energy of the tested samples before and

after doping process. it can be observed form the figure that value of (ahv)"? of the pure polymer was about
(0.98 eV), while this value was equal to (1.7 eV) and (2 eV) after doping process with doping ratio of 10%
and 20% respectively.
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Figure 9. The relation between the (ahv) *? and photon energy of PS before and after doping with MO at
different concentration

Figure (10) illustrates the relationship between (ahv)* and the photon energy of the tested samples before and
after doping process. it can be observed form the figure that value of (ahv)"” of the pure polymer was about (1
eV), while this value was equal to (1.48 eV) and (1.8 eV) after doping process with dosing ratio of 10% and
20% respectively, and this agree with the findings of reference [18].
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Figure 10. The relation between the (ahv) * and photon energy of PS before and after doping with MO at
different concentration

4. Conclusions

From the previous results, it can be concluded that doping polystyrene polymer with methyl orange resulted in
some positive modifications such as, increasing values of absorbance and reflective properties, increasing
absorbance coefficients, extinction, and refraction properties, in addition to real and imaginary parts of
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dielectric constant. From the other side, it has found that the values of the optical energy gap of the allowed
and forbidden indirect transmission as well as the transmissivity has decreased due to the optical impedance
caused by the doped material. The doped material contributed to rising absorption values within a range of
(300-420 nm) as noticed in Figure (1). Such process shifts the absorbance property curves of the tested
specimens to the range of short wavelengths. Further, due to the logarithmic relation between the absorbance
and transmissivity properties, it was observed a noticeable reduction in transmissivity property at the same
range of wavelengths, in addition to its clear effect on the other coefficients that depended mathematically on
the absorbance and transmissivity properties. From the relationship between the extinction coefficient with the
wavelength as shown in Figure (5), it has been noticed a slide shifting of the curve towards the short
wavelengths (high energies of the fallen photon), which with such modification the conclusion has been
drawn as the possibility of using the prepared specimens in the anti-reflection materials within short ray
wavelengths.
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