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Abstract Gamma ray effect has been worked out on
PMMA/PS blends at different concentrations. The optical
constants such as the absorption coefficient, refractive
index are calculated, and optical energy gap (direct/indi-
rect) has been studied before and after irradiation. Trans-
mittance, absorbance, and reflectance spectra of pure and
blends polymers are investigated.
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Introduction

The effect of radiation on polymeric materials is of great
importance as it allows modifying and improving the physical
properties of polymers. Irradiation of polymeric materials
with gamma rays, X-rays, accelerated electrons, and ion
beams, for example, leads to the formation of reactive inter-
mediates and free radicals which then lead to important
reactions such as degradation or cross linking. These inter-
actions have been controlled by the given amount of radiation
dose [1]. Different polymers have different reactions affected
by the dose of radiation, which are intrinsically related to the
chemical structures of the polymers. Therefore, the properties
of polymer such as the optical, electrical, mechanical, and
chemical become modified [2].

Polymer blends can be broadly divided into three forms:
(1) immiscible polymer blends; (2) compatible polymer
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blends; and (3) miscible polymer blends. Our research
includes blends from the first kind that is a heterogeneous
polymer blends, this is so far the most populous group, and
if the blend is made of two polymers, two glass transition
temperatures will be observed [3].

Polymer blends are widely used materials in the new
polymer industry because of their wider range of properties as
compared to the individual polymers [4]. Where the materials
mixed chemically and physically with each other to produce a
new functional properties, as a result, polymer blend finds
application in numerous fields such as adhesion, glutinous
stability, design of composite, and compatible vital materials.

Optical properties of blends of PMMA compared with
other polymers have been measured by many researches [5, 6].
PMMA and PS are known polymers and their mechanical,
chemical, and other properties have been investigated [7]. The
PMMA have a good compatible nature with the other poly-
mers; therefore, this study done to show the effect of various
ratios from PMMA with PS polymer as a thin-film blends and
its effect on some important optical parameters such as
absorbance, refractive index, reflectivity, absorbance coeffi-
cient, dielectric constant, and calculate energy gap. In addi-
tion, the main goal of this project is to study the effect of
gamma irradiation on these properties.

Experimental work

Polystyrene (PS) which is the form of granules and poly-
methyl methacrylate (PMMA) is manufactured by the
company (ICI). The preparation method is casting method
[8]. The polymers separately dissolved in tetrahydrofuran
(THF) with 99.998% purity. Different percentages (0/100,
20/80, 50/50, 80/20, and 100/0%) from the two polymers
are mixed very well at magnetic stirrer and poured into the
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clean glass Petri dish and left for 24 h to obtain homoge-
nous films.

The measurements of absorbance and transmittance
spectra in the wavelength range (200-1100) nm were car-
ried out using a UV-VIS (T70/T80 Spectrophotometer).

Cs-137 served as the gamma irradiation source, the film
samples were placed simultaneously at the centre of the
chamber surrounded for radiation equilibrium purposes,
and samples were irradiated with (200 rad) dose, for 48 h
at room temperature.

Film thicknesses were calculated from digital microm-
eter type (Tesha) (0.001) mm that are (0.11-0.5) mm for
samples.

The theory

The absorption coefficients (o) have been estimated by [9]:
(2.303 x A) ()

t
where (7) is the thin-film thickness and (A) is the absor-
bance. The Tauc relation for dependence of absorbance on
photon energy applies [10]
B(hv — E)
=—. 2

a(v) = = @)

The refractive index (n) that is the ratio of the velocity
of the light in vacuum to that of the specimen calculated
by:

1+RV?
1R ®)
1—R

The extinction coefficient (K) is the extinction occurring
to the electromagnetic wave inside the material:

n

ez

=z, 4
47 ( )
------ PS Pure
16 o= e PNMMA Pure
' — . 20%PS & 80%PMMA
1.4 = - *50%PS & 50%PMMA
1247, — — = 80%PS & 20%PMMA
2 1 °
= o
< 08 \\ .
2 IRCIPR Y
<= 0.6 TR e ¢ o
< S e T
0.4 =
0.2 A
0 Gl Clnd e © G 0cEnd Gub ¢ @mo CmEn® Gm® © wom
200 400 600 800
A(nm)

(@

Fig. 1 a Absorbance as a function of wavelength before irradiation.
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Absorbance

The dielectric constant of compound (¢) is divided into
two parts real (¢;) and imaginary (g;) that are calculated by
this Eq. [11]:

& =n> — k* (5)

& = 2nk. (6)
The dielectric constant (&) can be calculated by

&= g +ig. (7)

The relation for dependence of absorbance on photon
energy applies [12]
B(hv — E®PY*
g
= 8
(v P (8)

where o is the absorption coefficient, Egp‘ represents the
optical energy gap, & is the plank’s constant, v is the fre-
quency, and x is the parameter that gives the type of
electron transition, and it was observed that two distinct
linear relations were found for x = Y2 (direct transition)
and x = 2 (indirect transition), corresponding to different
interband absorption processes [13, 14] and factor B de-
pends on the transition probability and can be assumed to
be constant within the optical frequency range.

Results and discussion

Figure la, b reveals a high absorption probability below
250 and 290 nm for PMMA and PS, respectively, and there
is sudden decrease in the absorption values. The irradiated
samples responded to the doses exposed by an increase in
the absorbance with different concentrations of the blend,
and the maximum absorbance was at wavelength 300 nm
before irradiation and 350 nm after irradiation. The 50%
PMMA/50% PS blend showed the higher absorption values
in comparison with other concentrations.
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Fig. 2 a Reflection as a function of wavelength before irradiation. b Reflection as a function of wavelength after irradiation
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Fig. 3 a Refractive index as a function of wavelength before irradiation. b Refractive index as a function of wavelength after irradiation

A sudden decrease in the absorption values in the visible
region, the best absorption, was for the 20% PMMA and
80% PS. This may be attributed to the decrease in the
levels at the energy band by increasing the PS contrition,
and these results are in good agreement with other
researchers [15, 16].

Figure 2a shows that the reflection (R) against wave-
length (1) of PMMA/PS thin films before and after irra-
diation, and it shows the increase in the reflectance with
increase PMMA concentration before and after irradiation
of gamma ray. The reflectance spectra will be used in the
determination of refractive index and dielectric constant.

The reflective index (n) spectra, before and after irra-
diation for homopolymer (PMMA, PS), and the blends in
different concentrations are illustrated in Fig. 3a, b, the
refractive index increased with increasing the wavelength
value towards higher values of wavelengths (200—-800) nm,

and reached a nearly constant value, and the effect of
irradiation clearly be seen in figures. The refractive index
for pure PS and PMMA before irradiation was 1.8 in
200 nm and after irradiation became 1.9 for PMMA pure
and 2.2 for PS pure.

Figure 4a, b shows the effect of the irradiation on the
extinction coefficient (K), the best effect was for 80%
PMMA and 20% PS for both before and after irradiation,
and polymer blends do not always reflect similar infor-
mation to that of individual. Thus, behavior was attributed
to immiscibility.

The absorption coefficient calculated from Eq. (1) is
illustrated in Fig. 5a, b for all samples before and after
gamma irradiation. Their values do not exceed 1000 and
300 cm ™! before and after irradiation, respectively.

The real and imaginary parts of dielectric constant
are calculated from Egs. (4) and (5), respectively. They
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Fig. 5 a Absorption coefficient as a function of wavelength before irradiation. b Absorption coefficient as a function of wavelength after

irradiation
7 L~ - = = PMMA
.- Prure
6 . /;.,/" -
5 /.,/ --------- PS Pure
4 /' — - = 80%PS
..1\/ &20%PMMA
35 Ve, =
w 3 P e i memoen — — = 50%PMMA
2 | &50%PS
r — - = 20%PS
1 &80%PMMA

200 300 400 500 600 700 800

A(nm)
(a)

......... PS Pure
7 s
,,.}.v"'/ — — — PMMA Pure
6 . o g
: . s
. - : — . = 20%PS &
4 s ./ 80%PMMA
5 : ° A/ . /
N / = -+ = 80%PS &
W@ \ F A T O 20%PMMA
4 .
\ s ./ — — — 50%PS &
7‘,\' 50%PMMA
3 7 _
2 T T T T T 1

200 300 400 500 600 700 800

A(nm)
(b)

Fig. 6 a Real part of dielectric constant as a function of wavelength before irradiation. b Real part of dielectric constant as a function of
wavelength after irradiation

have the same behavior curves, but the values of real
part are higher than those of the imaginary part, and
Figs. 6a, b and 7a, b show the real and imaginary parts

* @ Springer

of the dielectric constant increased with increasing
wavelength, its agreement with other research [17, 18],

respectively.
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Figures 8a, b and 9a, b show the energy gap direct
and indirect before and after irradiation and the position
of the absorption edge for homopolymer and binary
blends at different concentrations from the cutoff on the
energy axis concludes that the linear part of the curves
to zero absorption value gives the direct and indirect
bandgaps. The linear part was best fitted with (r = 1/2,
r=12), it is found that (Egpt) is compositional depen-
dence, the direct and indirect bandgaps are influenced by
irradiation of gamma ray, where the values are increased
after irradiation with change in the rates of blending, and
Figs. 10 and 11 show the changing before and after
irradiation.
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The various optical properties obtained for different
samples before and after irradiation are listed in Tables 1
and 2, and it shows the values of optical constants changing
after exposure to radiation of gamma ray with the different
ratio percentages of the blends.

Conclusion
UV-VIS spectrophotometric studies optical properties for
irradiated PMMA/PS blend films with different concen-

tration ratios, the indirect bandgap is greater than the direct
bandgap, the decrease in the energy bandgaps after
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Table 1 Parameters of optical Polymer system Jowt (nm) B K N &

properties of polymer system

before irradiation PMMA pure% 290 1.8 0.005 3.87 0.00048
PS pure% 300 1.7 0.0056 3.99 0.0005
20% PS and 80% PMMA 350 2.1 0.00047 4.53 0.0016
50% PS and 50% PMMA 400 2.3 0.00052 5.75 0.0029
80% PS and 20% PMMA 600 25 0.00068 6.78 0.0036

5. Deshmukh, S.H., Burghate, D.K., Shilaskar, S.N., Chaudhari,

Table 2 Parameters of optical properties of polymer system after
irradiation

Polymer system A(nm) n K & &
PMMA% 290 1.85 0.00012 3.92 0.00049
PS% 300 2.1 0.00015 4.91 0.0005
20% PMMA and 80% PS 350 2.2 0.00052 4.68 0.0025
50% PMMA and 50% PS 400 2.4 0.00065 5.93 0.003
80% PMMA and 20% PS 600 2.6 0.0007 6.88 0.004

irradiation with gamma ray may be attributed to an
increase in rearranging in the molecules of the polymer
blends when it is exposed to radiation, and the optical
constants also affected by gamma ray as shown in tables,
and each optical constants have changed value after
irradiation.
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