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Abstract

The optical properties of Polystyrene in the region from (200-900 pum) were studied using
UV-VIS spectrophotometer by preparing composites with different organic materials. The optical
data analyzed and interpreted in term of the theory of phonon assisted indirect electronic transition.
It is observed that the energy gap of the samples, affected by the type of organic doping, and

increase the conductivity of the polystyrene.

Introduction

There has been growing interest in the
characterization of modified polymers. Great
attention has been focused on enhancing their
electrical conduction and improving their
optical properties. The optical characteristics
are extremely important not only for scientific
knowledge but also for modern technology
applications.

The plastics proved to be very useful, with
a wide range of applications stemming from
their toughness, plasticity, strength to weight
ratio, low cost and ease of fabrication. They
also had a very high electrical resistance.
Indeed, one of the main uses for these
materials was as insulators. Right up to the
1950s, the very notion of electrically
conducting  polymers  was  considered
laughable”. In 1958, polyacetylene was first
synthesized by Natta et al® as a black
powder. This was found to be a semi-
conductor with conductivity between 7 x 107!
to 7 x 10 Sm”, depending upon how the
polymer was processed and manipulated® .

The information about polystyrene
structure has been mostly accumulated from
the study of optical properties in a wide
wavelength range. The significance of
polystyrene is in its energy gap”. The best
definition of the energy gap is the minimum
energy difference between the lowest
minimum of conduction band and the highest
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maximum of the valance band®. Two types of
optical transitions are direct and indirect
transitions, both involve the interaction of an
electromagnetic wave with the electron in
valance band with may cross the forbidden gap
to the conduction band'®.

Indirect transition possible only by phonon
assisted transition. The value and shape of the
mobility gap in polystyrene depend on the
proportion conditions such as substrate
temperature, degree of impurity and defects of
the material. Any variation is such parameters
lead to a shift in the absorption edge towards
higher or lower energy”. The absorption
coefficient is defined be®, which can be
determined from the normal incidence
transmission through plane-parallel plate of
thickness (d) interference and multiple
reflection are neglected. The reflectance (R)
and transmittance (T) are related by the
equation (1)

T=B(1-R)? exp(-0d)......cvevreererrereeenn .. (1)
Where B is a constant. This equation can be
rewritten as in equation (2)

0d=2.303 A+ Ln[B(1-R)*]cceviveenne .. )
A 1s the optical absorbance, (A= - log T).

So the absorption coefficient a (®) in term of
absorbance become:-

o (©) =2.303 (A/d).cceeeeeieeiieeiee 3)

For direct band-to-band transition, the
energy dependence of absorption coefficient is
of the form:-



a = o,o(hv-Eg)" / hv

Where (hv) is the photon energy and (Eg)
is the energy gap, is constant depending on the
type of the electronic transitions. It takes the
value (1/2) for allowed direct transition and
(3/2) for forbidden direct transition and the
absorption coefficient (¢ >10* cm™).

The energy dependence absorption
coefficient is of the from:-
o = 0o(hv-Eg+Ep) /hv oo (5)

Where (Eg) is the minimum energy gap, (Ep)
is the phonon, (+) absorbed (-) emitted, (r) take
the value of It takes the value (2) for allowed
indirect transition and (3) for forbidden
indirect  transition and the absorption
coefficient (o <10* cm™) ©

By plotting (ahv)"” versus (hv) for fixed (r)
value, the extrapolation of the liner part could
be used to define Eg®”. On a viewpoint of
excited electrons, the valence band maximum
and conduction band minimum occur at the
zone center (Ak=0), in direct band gap
materials, where (k=2n/A). So upward
transition of electrons does not require a
change in momentum, or the involvement of a
phonon. In the direct band gap materials, an
electron raised to the conduction band, by
photon absorption, will settle there for a very
short time and the recombination again
with a valance band hole resulting in emission
of light with energy equal to the band gap.
Thus, the probability of radiactive
recombination is very high in direct band gap
semiconductors '*

On the contrary, in the indirect band gap
semiconductors, the valence band maximum
and conduction band minimum occur at
different zone center (Ak#0). Upward or
downward transition of electrons requires a
change in momentum or involvement of a
phonon. In consequence an unassisted
recombination between an electron and hole 1s
very unlikely. When an electron is mobile in a
semiconductor, it may encounter a defect and
become trapped or otherwise de-exited. This
process of non-radiactive recombination
quenches luminescence. Hence, indirect
semiconductor tend to both slow in response
(the carrier lifetime is long) and inefficient as
light emitter. Thus, an electron dwelling in the
conduction band minimum, at (Ak#0), cannot
recombine with a hole at (Ak=0) until a
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phonon with right energy and momentum is
available'”).

Polystyrene in general are transparent and
colorless. The existence of conductive additive
raising the transition wavelength into visible
region and the optioned lighter structure is
very useful in some specific advanced

technology, such as electrochromic displays™.

Optical switching and rechargeable
batteries'' .
Experimental

2-(sub.)-5-[3-(5-nitro-fur-2-yl)-propen-2-
yldiene]amino —1,3,4-thidiazoles [1-5]. were
prepared by the method described by Hameed
et al.1?"

Ly
OzNﬂ—CZC—CH:N [ q )—R
0

Where R = p-CH;0-ph [1]
p-C2H;0-ph [2]
p-C3H;0-ph [3]
p-C:H,y0-ph [4]

p-CsHy;0-ph [5]

Purification of Polystyrene”

Commercial ~ Polystyrene  (PS)  with
average number molecular weight (2x10°%)
determined by viscometric technique!'® was
freed from additives by re-precipitation twice
from chloroform solution in ethanol. The
purified polymer was dried under reduced
pressure at room temperature for 24 hours.

Films Preparation

0.5%  concentrations of polystyrene
solutions in chloroform was used to prepare 30
micrometer thickness of polymer films,
(measured by a micrometer type 2610 A,
Germany) with out and with 0.5% of the metal
complexes prepared. The films were prepared
by evaporation technique at room temperature
for 24 hours. To remove the possible residual
chloroform solvent, film samples were further
dried at room temperature for three hours
under reduced pressure. The optical
absorbance (A) of the sample were measured
as a function of wavelength (A) ranged from
200 to 900 nm by using Shimadzu UV-VIS
160A-Ultraviolet-spectrophotometer. The
instrument is computerized with a full
scale absorbance up to (2.5). The light sources
are halogen lamp and socket-deuterium
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lamp. The detector is Si-photodiode and all
measurements were performed at room
temperature. UV/VIS absorption spectroscopy
were made for prepared samples before and
after conjunction. The spectra were used to
carry out the energy gap by plotting (ahv)’
versus (hv) with (r) value (1/2). The linear
portion was best fitted with (r=1/2), which
indicates a transition of direct type. Energy
gap shift for all samples was plotted as a
function to conjunction type.

Results and Discussion

The relation between (ohv)” versus photon
energy for the Polystyrene samples are shown
in Fig.(1 to 6) for allowed transition.

For doped samples shown in Figs. (2 to 6),
the shift in the energy gap could be attributed
to the formation of polorans in the doped
films">'?. The evidence of Polaron formation
is made that the reaction in band to band
transition due to shifting the band density of
state toward the energy gap (see Fig. (8)). This
observation is not similar to the doping in
conventional semiconductors when the band to
band absorption strength are not affected
by the formation of dopant state in the energy

an
gap = .

The effect of the organic addition on the
values of phonon energies is also investigated
and the result are shown in Table (1).
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The results presented in Figs. (2 to 6)
indicate the existence of two polaron bands in
the energy gap. The first one represents the
transition from valance band to bonding
polaron band. The second band represents the
transition from valance band to anti-bonding
polaron band, which is in a good agreement
with results obtained by Bredas et al.'® and
with Pratt"®. Conductivity measurement®” of
PS with and without additive can obtained by
adopting the data of energy gap, (see Table (1)
and Figs. from (1 to 6)). The conductivity
measurements for PS in the presence of
additive increase in the following order.

B,5,4,3,2,1
ol

Table (1)
Indicate the energy band gap according to
the direct allowed transition.

|_Sample | Eg(eV)
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Fig.(1) : Allowed direct transition ( ahw)z Vs. Energy for the sample (B).
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Fig.(2) : Allowed direct transition ( othw)2 Vs. Energy for the sample (1).
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Fig.(3) : Allowed direct transition ( othw)2 Vs. Energy for the sample (2).
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Fig.(4) : Allowed direct transition ( othw)2 Vs. Energy for the sample (3).

33



Journal of Al-Nahrain University Vol.13 (3), September, 2010, pp.30-35 Science

30

N
a
L

N
o
L

—
o
I

(ozhl))2 E+07 (eV/cm)2
-—
T

a
I

o

Fig.(5) : Allowed direct transition ( othw)2 Vs. Energy for the sample (4).
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Fig.(6) : Allowed direct transition ( othw)2 Vs. Energy for the sample (5).
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Fig.(7) : Indicate the Energy gap according to the type of conjunction.
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Polaron

Fig.(8) : Indicate the Conduction band and the Valence band for the pure and
conjuncted polystyrene.
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