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In the present work, we studied the surface plasmon resonance in one pot chemically synthesized conducting
polythiophene (PTh) using oxidant anhydrous FeCls. The surface morphology of prepared samples were analyzed
through FE-SEM, which shows irregular structure and spongy amorphous morphology.The optical transmission
spectra of chemically synthesized PTh samples were recorded by using UV-Vis spectroscopy. The surface plasmon
resonance of PTh samples was studied in 200-1100 nm using UV-Vis analysis.
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Abstract

1. Introduction

Among the conducting polymers, polythiophene
(PTh) is one of the most highly researched
polymeric materials because of its extraordinarily
electronic optical properties, good processability,
environmental stability and ease of synthesis [1-
4]. It is in fact also the most frequently used
conducting polymer incorporated with various
carbon materials [5, 6]. The conjugated
conducting polymers are well known for their
excellent electrical conductivities in oxidized
(doped) state. The recent development in
processable conducting polymers has opened the
way for large-scale industrial applications.

In recent years, a lot of advancement has taken
place in the development of intrinsically
conducting polymers such as polyaniline (PANI),
polythiophene (PTh), polypyrrole (PPy) and their
derivatives due to their interesting electrical,
chemical and physical properties [7]. In addition
the conductivity of these materals can be
controlled from conducting to insulating range by
using different routes of polymerization as well as
its surface charge characteristics can easily be
modified by changing the dopant species in the
material during synthesis [8,9]. Usually,
polymerization can be carried out by
electrochemical or chemical processes, which
provide films with different morphologies and
consequently slightly different chemical and
physical properties [10]. Now days, these
conducting polymers have been widely used as
effective materials for the detection of toxic,
hazardous and flammable gases due to their ease
of synthesis and low cost [11]. The most
important advantage of these conducting
polymer-based sensors is their room te mperature
operation and high sensitivity. Among these
intrinsically conducting polymers, PTh and its
derivatives have attracted considerable attention

due to their good environmental and thermal
stability, easy polymerization process and high
electrical conductivity [12, 13]. PTh can be
produced in bulk powder as well as in thin film
form [14] and it found wide applications in
various fields such as supercapacitors [15], field
effect transistors [16], light emitting diodes [17],
photoconductive and photovoltaic devices and
optical modulator devices [18]. PThs have also
found applications in gas sensor field [7]. Soluble
PTh derivatives can provide high sensitivity to
certain gases, such as NOz2at small concentration
[19] as well as it has been reported that, PTh film
showed gas response to ammonia,
trime thylamine, acetone, alcohol and toluene at
room temperature [7].

In the present study, samples were synthesized
by wusing chemical oxidative polymerization
method with anhydrous ferric chloride as an
oxidant in deionised water. During
polymerization, different concentration of FeCls
was taken. Prepared samples were characterized
through FE-SEM and UV-Vis spectroscopy.

2. Experimental

Thiophene monomers, anhydrous iron (III)
chloride (FeCls) from SD Fine Chemicals (AR-
grade) were used in the present study. The
thiophene monomer was used as received for
synthesis of PTh. The sample was synthesized at
room temperature (303 K) by mixing thiophene
with FeCls in deionised water. H2O2 was used to
enhance the rate of reaction and also yield. After
the rigorous stirring, drop-by- drop monomers
was added into the solution. The preliminary
polymerization process was identified by the
colour change (brown) of the reaction mixture.
The polymerization process was allowed to
constant stirring for 8 hrs with a magnetic stirrer
at 30 °C. The resulting precipitate was collected
by vacuum filtration using cellulose nitrate filter
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papers. The precipitate was washed with copious
amounts of triply distilled water untl the
washings were clear and then kept for overnight
at room temperature. Subsequent to this samples
were sintered at60 °C for 30 min. In this way, two
samples of PTh were synthesized with different
stoichiometric ratios of thiophene and FeCls as
(90:10) and (80:20) Wt. % [20].

3. Results and Discussion

3.1 FE-SEM

The morphology and structural features of the
material report from FE-SEM (JEOL JSM-6360).
The surface morphology of PTh powder samples
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Fig. 1. FE-SEM micrograph of PTh with stoichiometric ratio of thiophene and FeCls as (90:10) and

(80:20) Wt. %.

3.2 UV-Vis Spectra

UV-Vis absorption spectrophotometer is
frequently used to investigate the surface
plasmon resonance phenomenon. Figure 2
(a-b) shows the UV-Vis spectra of PTh
samples  synthesized with different
stoichiometric ratios of thiophene and
FeCls as (90:10) and (80:20) Wt. %. In this
case, the transmission observed in the
range 200-1100 nm. The transmission
peaks of PTh samples are listed in table 1.
The collective oscillation frequency of
conduction electron is termed as plasmon’s
frequency. The characteristic frequency of
plasmon’s is given by equation (1) [21].

with stoichiometric ratio of thiophene and FeCls
as (90:10) and (80:20) Wt. % were analyzed by FE-
SEM and the micrograph is displayed in figure
1(a-b). The FE-SEM micrograph represents the
non-porous and non-uniform structure
containing macro-granular structure formed by
the aggregation of small globular structures. The
nature of particles has irregular in structure
which reflects definite amorphous morphology.

The micrograph depicts the presence of

aggregation up to some extent as well as an
agglomeration of particles.

.....
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@p = (Ne2/me)V2 (1)

where, op is the plasma frequency, N is the
conduction electron density, e is the charge on
electron, me is the electron effective mass and is
the vacuum dielectric permittivity.

In the present work, plasmon fre quency found to
be increased with decrease in transmission
wavelength. Also, the conduction electron density
increases transmission
wavelength. According to the Fermi liquid model,
plasmon can be satisfactorily described as a
negative charged electron cloud displaced from its
equilibrium position around the lattice made of
positively charged ions, in analogy to factual
plasma.

with decrease in

Tablel. Values of Transmission wavele ngth, plasmon frequency and conduction electron de nsity.

Sample Transmission Plasmon frequency (®p) Conduction electron
(Wt. %) Wavelength (nm) (MHz) density (N) (m-3)

S1 276 0.1089 2.0137x1034

S 274 0.1094 2.0174x103
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Fig. 2. UV-Vis spectra of PTh with stoichiometric ratio of thiophene and FeCl as (a) (90:10) and (b)

(80:20) Wt. %.

4. CONCLUSIONS

In the summary of present work, the samples
were synthesized by using chemical oxidative
polymerization method with anhydrous FeCls as
an oxidant in aqueous medium at room
temperature. The amorphous nature of as-
synthesized material confirmed through FE-SEM
analysis. The UV-Vis is a very simple technique to
study the surface plasmon resonance. The
characteristic frequencies of plasmon resonance
in PTh were found to be increase with decrease in
transmission wavelength. The conduction
electron density is easily computed from this
method.

Acknowledgement

Authors are thankful to Head, Department of
Physics Sant Gadge Baba Amravati University,
Amravati for providing necessary facilities.
References
[1] C. Zhan, G. Yu, Y. Lu, L. Wang, E. Wujcik, S.
Wei, Conductive Polymer Nanocomposites: A
Critical Review of Mode m Advanced Devices.
J. Mater. Chem. C, 5 (2017) 1569-1585.
[2] H. S. Nalwa, Handbook of Organic Conductive
Molecules and Polymer (John Wiley &
Sons, New York, 1997).
[3] N.S. Wadatkar, S.A. Waghuley, Studies on
properties of as-synthesized conducting
polythiophene through aqueous chemical route.
J. Mat. Sci.: Mat. Elect., 27 (10), 10573-10581.
[4] R.S. Bobade, S.V. Pakade (Yawale), S.P.
Yawale, Ele ctrical investigation of polythiophene—
poly(vinyl acetate) composite films via VTF and
impedance spectroscopy. J. Non-Cryst. Solids,
355 (2009) 2410-2414.
[S3] V.C. Gongalves, M. Ferreira, C.A. Olivati, M.R.
Cardoso, C.R. Mendong¢a, D.T. Balogh, Optical,
electrical, and thermochromic properties of
polyazothiophene Langmuir-Blodge tt
Colloid. Polym. Sci., 286 (2008) 1395-1401.

films.

[7] X. Ma, G. Li, H. Xu, M. Wang, H. Chen,
Preparation of polythiophene composite film by in
situ polymerization at room temperature and its
gas response studies, Thin Solid Films, 515
(2006) 2700-2704.

[8]H. Yan, L. Zhang, J. Shen, Z. Chen, G. Shi, B.
Zhang, Synthesis, property and field emission
behaviour of amorphous polypyrrole nano wires.
Nanotech.,17(2006) 3446-3450.

[9] H.K. Jun, Y.S. Hoh, B.S. Lee, S.T. Lee, J.O.
Lim, D.D. Lee, J.S. Huh, Electrical properties of
polypyrrole gas sensors fabricated under various
pre-treatment conditions, Sens. Actuators B, 96
(2003) 576-581.

[10] B. Adhikari, S. Majumdar, Polymers in
sensor applications, Prog. Polym. Sci., 29 (2004)
699-766.

[11] K. Potje-Kamloth, Chemical gas sensors
based on organic semiconductor polypyrrole, Crit.
Rev. Anal. Chem., 32 (2) (2002) 121-140.

[12] M.J. Marsella, P.J. Carroll, T.M. Swager,
Design of chemoresistive sensory materials:
polythiophene-based pseudo polyrotaxanes, J.
Am. Chem. Soc., 117 (1995) 9832-9841.

[13] M. Mastragostino, C. Arbizzani, F. Sovai,
Polymer based supercapacitor, J. Power Sourc.,
97 (2001) 812-815.

[14]J.Zhang,S. Wang, Y. Wang, Y. Wang, B. Zhu,
H. Xia, X. Guo, S. Zhang, W. Huang, S.Wu, NO2
sensing performance of SnO:z hollow-sphere
sensor, Sens. Actuators, B 135 (2009) 610-617.
[15] A. Laforgue, P. Simon, C. Sarrazin, J.F.
Fauvarque, Polythiophene based  super-
capacitors, J. Power Sourc., 80 (1999) 142-148.
[16] D.H. Kim, Y.D. Park, Y. Jang, H. Yang, Y.H.
Kim, K. Cho, Enhancement of field e ffect mobility
due to surface mediated molecular ordering in
regioregular polythiophene thin film transistors,
Adv. Funct. Mater., 15 (2005) 77-82.

[17] N.S. Sariciftci, D. Braun, C. Zhang, I.V.
Srdanov, A.J. Heeger, G. Stucky, F. Wudl],

SHRISHIVAJISCIENCE COLLEGE, NAGPUR

390 ICRTS-2017



IJRBAT, Special Issue (2), Vol-V, July 2017

ISSN No. 2347-517X (Online)

Se miconducting polymer buck minster fullerene
heterojunctions: diodes, photodiodes and
photovoltaic cells, Appl. Phys. Lett., 62 (1993)
585-587.

[18] F. Bloisi, A. Cassinese, R. Papa, L. Vicari, V.
Califano, Matrix-assisted pulsed lase revaporation
of polythiophene films, Thin Solid Films 516
(2008) 1594-1598.

[19] S.T. Navale, A.T. Mane, G.D. Khuspe, M.A.
Chougule, V.B. Patil, Room temperature NOa2

sensing properties of polythiophene films. Synth.
Met., 195 (2014) 228-233.[20] N.S. Wadatkar,
S.A. waghuley, Optical study of chemically
synthesized conducting polythiophene using UV-
Vis spectroscopy, Macromol. Symp., 362 (2016)
129-131.

[21] C. Kittle, Introduction to Solid State Physics,
(John Wiley & Sons, New York, 1996).

O % o% o°
0‘0 0’0 0'0 0‘0

SHRISHIVAJISCIENCE COLLEGE, NAGPUR

391 ICRTS-2017



