Research Journal of Applied Sciences 9 (3): 169-173, 2014
ISSN: 1815-932X
© Medwell Journals, 2014

Determine the Optimum Concentration of 2-Thiopheneacetyl
Chloride to Synthesize the Conducting Polythiophene by
Using the Direct Irradiation Method

'Aiman Moftah A. Dandi and *Elias Saion
'Tajoura Nuclear Research Center, 30878 Tajoura, Libya
"Department of Physics, Faculty of Science, University Putra Malaysia,
43400 UPM Serdang, Selangor, Malaysia

Abstract: The monomer (2-thiopheneacety! chloride) with different concentrations of 9.1, 16.7, 23.1, 28.6 and
33.3 wt.% were blended with Polyvinyl Alcohol (PVA) to synthesize conducting Polythiophene (PTh) by the
gamma irradiation method. The absorbed dose of 30 kGy was applied on PTh/PVA film samples at ambient
conditions. On gamma trradiation, the monomer polymerized into conducting PTh by means of losing H” ions
and composing polarons, the electrical conducting agent. The morphology of PTh/PVA was studied by using
SEM. The SEM unage indicated well distributed PTh particles spread almost urnformly in the PVA matrix which
are more or less spherical and the average particle size was found to be 0.7 um in diameter. The optical
characteristics of PTh particles were measured by the UV-visible spectrometer. The absorption peak was found
to be at about 400 nm with the band gap energy (E,) which decreased from 3.19eV at 9.1 wt.% to 2.15 eV at
28.6 wt.%. The electrical conductivity was measured by using the impedance analyzer and was found that the
direct current (dc) conductivity increased from 2.6x107° Sm™" for 9.1 wt.% to 9.8x107" § m™ for 28.6 wt.%.

Key words: Conducting polymer, polythiophene, polyvinyl alcohol, y-ray irradiation method, energy

INTRODUCTION

One of the most common conducting polymers is
Polythiophene (PTh) attributed to its simplicity of doping,
flexibility, electrical stability and unique thermal stability.
PTh 13 one of the most commonly used conducting
polymers for the study of charge transport and a
nondegenerate ground state; in addition, its structural
flexibility with the very high environmental stability for
undoped and doped states have led to several
developments intended for applications in Organic
Light-Emitting Diode (OLED), plastic photovoltaic, smart
windows or electrochromic, antistatic coatings, batteries,
sensors, optical devices and nanoelectronic (Jachne ef al.,
2001; McCullough, 1998; Roncali, 1992). PTh and its
composites have succeeded in several applications like
that mentioned previously and less remarkably in others.
New PTh development strategies and creative designs
have led to better performances in certain systems and
mnteresting new materials. Generally, there are two major
methods to prepare conducting PTh, i.e., chemical and
electrochemical methods. Lately, gamma radiation has
been widely used to produce new micro and
nano-particles of polymeric materials accompamed with
special characteristics since it can help form particles
under ambient conditions. Also, it produces pure

materials since it does not need any metallic catalyst,
oxidizing or reducing agent, adaptable and easy to control
(Nie et al., 1999, Zhang et al., 2004; Seguchi et al., 2002;
Milojkovic et al., 1997). The synthesis of PTW/PVA by the
direct y-irradiation polymerization method is presented in
the present study.

MATERIALS AND METHODS

The materials used in the present study are:
polyvinyl alcohol PVA (Mw = 31,000-30,000 g mol™,
98-99% hydrolyzed) (SIGMA) as a binder, 2-
thiopheneacetyl chloride (98%) (ALDRICH) as a
precursor, distilled water as a solvent. In addition,
y-radiation was used as an effective oxidizing agent for
the polymerization process.

The PV A stock solution was prepared by dissolving
30.00 g of PVA powder in 600 mL of distilled water
at 90°C in the water bath and stirred continuously for 3 h.
The solution was left to cool at room temperature.
Different concentration of 2-thiopheneacetyl chloride, i.e.
(0.51.0,1520and25g)or (9.1, 16,7, 231, 28.6 and
33.3 wt.%) was dissolved in 100 mL PVA solution. The
mixture was thoroughly stirred for 10 h in nitrogen
atmosphere; the PVA/2-thiopheneacetyl chloride blended
solution was poured into petri-dishes, 13 cm in diameter.
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Then, it was left to dry in dark place and room
temperature for 1 week. The film was then peeled off and
cut into small samples of 3.2 em in diameter and 0.195 mm
i thickness. Each sample was put into a plastic bag,
sealed, labeled and exposed to y-radiation.

The wradiation facility, model (Gamma cell) which 1s
using “Co as y-ray source was used to irradiate all
samples with a dose of 30 kGy. The Scanning Electron
Microscope (SEM) Model (LEOQ 1455VP) was used to
study the morphology structure of PTh composite
particles. UV-vis Spectrometer Model (UV-1650PC) was
used to study the optical characteristics in the
wavelength range of 300-900 nm. The impedance analyzer,
model (HP 4284A) was used to determine the electrical
characteristics by means of measuring the electrical
conductivity in the frequency range of 20 Hz to 1 MHz.
Al the
temperature.

measurements were conducted at room

RESULTS AND DISCUSSION

In order to study the morphology structure of the
electrically conducting PTh, SEM was used. Figure 1
shows the SEM image of the conducting PTh which
polymerized by using gamma radiation with 28.6 wt.% of
the monomer and a dose of 30 kGy. The image was taken
at 10 kV of the operating voltage and magmfication of
10,000 times. Tt exposes that PTh particles have uniformly
distribution and assumed cauliflower-like shape. The
result showed that the conducting PTh has a good
polymerization. The PTh particles have spherical shapes

Mag = 5.00 kX
EHT =1000kV WD =7mm

an average diameter of 0.7 pum. This result agrees with
some previous studies conducted on PTh composites
(Yang et af., 2007, Karim et al., 2007).

Figure 2 illustrates the absorption spectra of the
conducting PTh with different monomer concentrations,
1e.(91,167,23.1, 28 6 and 33.3 wt.%) and at a dose of
30 kGy. The spectra revealed one absorption peak at
approximately 390 nm due to - ©* transition. The peak 1s
a little bit red-shifted by the increased of monomer
concentrations to reach 400 nm at 28.6 wt.% which was
attributable to its extended conjugation (Takahashi ef af.,
2012; Subramanyam and Blumsteinn, 1992). This peak
corresponds with the absorption peaks of other PTh
composites as evaluated by other researches (Ngamna,
2006; Karim ef al., 2006; Cihaner and Onal, 2003).

The band gap wavelength can be determined by
using the direct extrapolation method (Cihaner and Onal,
2005; Park et al., 2010, Martinez-Castanon et al., 2005;
Boldish and White, 1998) as shown in Fig. 2. In order to
find the band gap energies B, Eq. 1 was used:

he
B,
Where:
h = Planck’s constant (6.626x107" Jsec)
¢ = The speed of light (2.998x10° m sec™)
A = The wavelength of light

The results of the band gap energies E, were found
to be decreasing when the monomer concentration

Signd A = SE1 Date: 18 Jan. 2011
Photo No. =2260 Time: 11:59:37

Fig. 1: SEM micrographs of PTh particles polymerized by 30 kGy for 28.6 wt.% monomer
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Fig. 2: The UV-visible absorption spectrta of PTh
dispersed in the PVA matrix for different
concentration of the menomer and dose of 30 kGy
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Fig. 3: The band gap energies B, for the different
concentration of the monomer at an absorbed dose
of 30 kGy

increases. For instance, I, decreased from 3.19 eV for
9.1 wt% to 2.15 eV for 28.6 wt.% at a fixed absorption
dose of 30 kGy as shown in Fig. 3.

Figure 3 exhibits the changing of E, with monomer
concentration. Firstly, an E, decreases with the increase
in monomer concentration until it reaches 2.15 eV at
28.6 wt.% which means more polarans were formed.
Then, it mcereases when the monomer concentration is
=286 wt.%. The reasons behind this phenomenon will be
discussed later. Equation 2 can be used to calculate the
conductivity (Jonscher and Frost, 1976):

5(6) = 6, (00, (@) @)
Where:
0.,(0) = The dc conductivity
0.(w) = The ac conductivity

Figure 4 exhibits the conductivity of pure PVA
and PTh polymerized with different concentrations of
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Fig. 4: Conductivity of different monomer concentration

at a dose of 30 kGy

2-thiopheneacetyl chloride, i.e. (9.1, 16,7, 23.1, 28.6 and
33.3 wt.%) at a dose of 30 kGy. The conductivity mitially
increases with the increase of monomer concentration
until it reaches 28.6 wt.%. This concentration gives the
highest conductivity. Then, the conductivity decreases
with the concentration of 33.3 wt.%.

This behaviour, either due te the increase of
crystallinity (Omer, 2007) or high viscosity in which can
cause resistance or impedance to mobility of oppose ions
m the polymer composites (Guo ef al., 2004; Bidstrup and
Simpson, 1995). This explanation can be applied for all
similar behaviours.

The Cole-Cole plots of the complex electrical
impedances were used n order to calculate the de
conductivity as expressed in the following equation:

7 () =26 )-iZ" () (3)
Where:
Z(w) = The real component
Z'(w) = The imaginary component of the complex
electrical impedance

These compenents can be given by the followimng
relations:

o G(e)
2) Gy e a) W
oy Cplo)o
26) = G ) e ] ®

Where:
G = The conductance
C = The capacitance of the sample
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Fig. 5. Cole-Cole plots of PTh at different monomer
concentrations wrradiated at a dose of 30 kGy

Figure 5 shows the Cole-Cole plot of the complex
electrical impedances, Z'(w) versus Z"(w) with different
monomer concentrations and a dose of 30 kGy. The plots
produced semicircle curves of standard behaviors that
represent the Cole-Cole plot as shown m Fig. 5. In order
to calculate the dc conductivity, Eq 6 was used
(Jonscher and Frost, 1976). To obtain the impedance 7,
from the Cole-Cole plot, the curves were extrapolated to
zero frequency on the axis Z':

(6)

Gd:

4
a’ZD

Where:

d = The thickness of the sample

a = The electrode area

Also, Fig. 5 exhibits that the radius of the semicircle
curves decrease with increased monomer concentrations
till the concentration reach 28.6 wt.%. Then, it increases
at higher concentration, attributable to the same reasons
that mentioned before. The semicircle curves have
straight-line spikes as shown 1 Fig. 5. This phenomenon
has been explained as: it 13 due to the mterstitial effect of
the electrodes (Omer, 2007).

Also, it was attributable to the characteristics of the
parallel combination of bulk resistance and capacitance
phase element of the samples (Mariappan and Govindaraj,
2002). In addition, it was caused by the capacitive
characteristics of conducting polymer film (Chen et al.,
2003). Furthermore, 1t was due to the capacitance interface
between the dielectric and the electrode as well as to
the non secured verticality of electrode
(Lewandowski ef al., 2000).

The dec conductivities are 2.1x107" 8 m ™" with O wt.%
and 9.8x107* S m™' with 28.6 wt.% which are the lowest
and the highest dec conductivities, respectively as shown
in Fig. 6.

spikes
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Fig. 6: The dc conductivity at different monomer
concentrations at a dose of 30 kGy
CONCLUSION
This study established that the direct irradiation
method can be used to form the conducting
Ploythiophene (PTh) wvia uradiating the films of

PV A/2-thiopheneacetyl chloride with y-rays at a dose of
30 kGy under ambient conditions.

As a result of the oxidation process of gamma
radiation, the monomer (2-thiopheneacetyl chloride) was
polymerized into conducting PTh by losing H ions and
forming the polarons. The PTh particles were studied by
SEM and showed that they have spherical shapes
approximately of 0.7 pm in diameter. The PTh particles
spread almost unmformly in the PV A matrix and exhibited
stability. The optical
characteristics of PTh were exammed and found that the
absorption peak was more or less 400 nm. Also, this peak
was attributed to m-m* transition.

The monomer concentration of 28.6 wt.% was found
to be the optimal value that gave the best amount of
optical and electrical characteristics. The band gap energy
E, for 28.6 wt.% was 2.15 eV. The PTh conductivity is
normally attributable to the formation of polarons m its
sttucture. The dc conductivity for 28.6 wt% was
9.8x107° Sm~". All the measurements were conducting at
a dose of 30 kGy under ambient conditions.

an excellent environmental

ACKNOWLEDGEMENT

Researchers would like to thank everyone who
helped me to complete this research successfully.

REFERENCES

Bidstrup, S.A. and J.O. Simpson, 1995, The effect of
stoichiometry on chain segment and 1on mobility in
partially polymerized epoxy systems. J. Polymer Sci.
Part B: Polymer Phys., 33: 43-54.



Res. J. Applied Sci., 9 (3): 169-173, 2014

Boldish, S.T. and W.B. White, 1998. Optical band gaps of
selected ternary sulfide minerals. Am. Mineral.,
83: 865-871.

Chen, W.C., T.C. Wen and H. Teng, 2003. Polyaniline-
deposited  porous cartbon  electrode for
supercapacitor. Electrochimica Acta, 48: 641-649.

Cihaner, A. and M.A. Onal, 2005. Electrochemical
copolymerization of 2-substituted thuophene
denivative linked by polyether bridge with thnophene.
I. Electroanalytical Chem., 583: 104-108.

Guo, Z., J. Warner, P. Christy, D. Kranbuehl, G. Boiteux
and G. Seytre, 2004. Ion mobility time-of-flight
measurements: Isolating the mobility of charge
carriers during an epoxy-amine reaction. Polymer,
45: 8825-8835.

JTachne, E., D. Ferse, HIP. Adler, K. Ramya and
I. Varma et al., 2001. Adhesion promoters for
polythiophene. Proceedings of the Macromolecular
Symposia, February 2001, Wiley.

Jonscher, AK. and M.S. Frost, 1976, Weakly
frequency-dependent electrical conductivity m a
chalcogemde glass. Thin Solid Films, 37: 267-273.

Karim, MR, C.J. Lee and M.S. Lee, 2006. Synthesis and
characterization of conducting polythiophene/carbon
nanotubes composites. J. Polym. Sci. Part A: Polymer
Chem., 44: 5283-5290.

Karim, MR., CJ. Lee, H]. Kim, M.T.I. Bhuiyan and
M.S. Lee, 2007. Preparation of buckyball-shaped
conducting  polythiophene by the gamma
radiation-induced polymerization methaod.
Macromolecular Symposia, 249-250: 234-240.

Lewandowska, A., K. Skorupska and J. Malinska, 2000.
Novel poly(vinyl alcohol)-KOH-H,O alkaline polymer
electrolyte. Solid State Tonics, 133: 265-271.

Mariappan, C. and G. Govindaraj, 2002. Ac conductivity,
dielectric studies and conductivity scaling of
NASICON materials. Mater. Sci. Eng. B, 94: 82-88.

Martinez-Castanon, G.A., M.G. Sanchez-Loredo,
H.J. Dorantes, J.R. Martinez-Mendoza, G. Ortega-
Zarzosa and F. Ruiz, 2005. Characterization of silver
sulfide nanoparticles synthesized by a simnple
precipitation method. Mater. Lett., 59: 529-534.

McCullough, R.D., 1998. The chemistry of conducting
polythiophenes. Adv. Mat., 10: 93-116.

173

Milojkovic, 8.5, D. Kostoski, IJ. Comor and
IM. Nedeljkovie, 1997. Radiation induced
synthesis of molecularly imprinted polymers.

Polymer, 38: 2853-2855.

Ngamna, ., 2006. Synthesis,
application of inherently conducting polymer
nanoparticles. Ph.D.  Thesis, University of
Wollongong, Wollongong, New South Wales,
Australia.

Omer, MA., 2007. Radiation synthesis
characterization of conducting polyaniline/silver
nanoparticels. Ph.D. Thesis, Universiti Putra
Malaysia, Serdang, Selangor, Malaysia.

Park, 3.7, Y.C. Kang, I.Y. Park, E A Evans, R.D. Ramsier
and G.G. Chase, 2010. Physical characteristics of
titama nanofibers synthesized by sol-gel and
electrospinning techniques. I. Eng. Fibers Fabrics,
5:50-56.

Roncali, T, 1992. Conjugated poly (thiophenes):
Synthesis, functionalization and applications. Chem.
Rev., 52: 711-738.

Seguchi, T., T. Yagi, S. Islukawa and Y. Sano, 2002. New
material synthesis by radiation processing at high
temperature-polymer modification with improved
irradiation technology. Radiat. Phys. Chem., 63: 35-40.

Subramanyam, 3. and A. Blumstein, 1992. Comugated
lonic polyacetylenes spontaneous polymerization
of 2-Ethynyl pyridine n a strong acid: Report.
Government Research Amnouncements and Index,
USA., pp: 33.

Takahashi, A., C.I. Lin, K. Ohshimizu, T. Higashihara,
W.C. Chen and M. Ueda, 2012. Synthesis and
characterization of novel polythiophenes with
graphene-like structures via intramolecular oxidative
coupling. Polym. Chem., 3. 479-485.

Xie, Y., 7. Qiao, M. Chen, X. Liu and Y. Qian, 1999.
y-Trradiation route  to  semiconductor/polymer
nanocable fabrication. Adv. Mat., 11: 1512-1515.

Yang, 7., X. Kou, W. Ny, Z. Sur, L. L1 and J. Wang, 2007.
Fluorescent mesostructured  polythiophene-silica
composite particles synthesized by in  situ
polymerization of structure-directing monomers.
Chem. Mater., 19: 6222-6229.

Zhang, X, M. Wang, T. Wu, 3. liang and 7. Wang, 2004.
In sifu gamma ray-imtiated polymerization to stabilize
surface micelles. J. Am. Chem. Soc., 126: 6572-6573.

characterisation and

and



	169-173_Page_1
	169-173_Page_2
	169-173_Page_3
	169-173_Page_4
	169-173_Page_5

