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Abstract

Polythiophene (PTh) is very interesting in various applications due to its
unique electrical, mechanical and structural properties. In this work, PTh was
synthesized using the oxidation method by employing ferric chloride (FeCl3) as an
oxidizing agent, Then the nanocomposite polythiophene: Multi-walled carbon
nanotubes: Tin (IV) oxide (PTh/MWCNT/SnO,) was prepared by adding constant
weight ratio of MWCNT (0.7g) and different weight ratios of SnO, (0.1, and 0.59)
using the oxidation method. The FE-SEM images of the pure PTh and the
nanocomposite showed an apparent change in the morphological composition of
the surface. The X-ray diffraction (XRD) pattern of PTh/ MWCNT/SnO,
nanocomposites shows clear peaks for SnO,, while there are broad peaks for
MWCNT. As for the polymer, its behaviour is random. The morphology of these
nanocomposites shows that the nanotubes were not well aligned and were
randomly entangled. The Fourier transformer infrared (FT-IR) spectra of the pure
and nanocomposite samples prepared by chemical method in the range of 450-4000
cm™wave number are recognized as the chemical pledges (bonds) and functional
groups in the compound. The band gap energy decreased from 3.53 to 2.78 and
2.97 when SnO, was added. The sensitivity of the two nanocomposites shows a
good enhancement of 14.6% and 62% at the temperature 150°C as gas sensor.
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1. Introduction

Conducting polymers are electrically and ionic conducting polymers [1]. lonic
conducting polymers are usually called polymer electrolytes. Electronically conducting
polymers can include conjugated conducting polymers and insulating polymers
blending with conducting materials [2-4]. Conducting polymers such as polythiophenes
(PThs) have received much attention because of their potential applications including
chemical and biological sensors, electronic devices and efficient and low-cost solar
cells, due to their remarkable mechanical and electrical properties such as low operating
temperature, low cost, flexibility and easy process ability and so on [5, 6]. PThs
are polymerized thiophenes, a sulfur heterocyclic. The parent PTh is an insoluble
colored solid with the formula (C4H.S), [7].

Tin (IV) oxide is an inorganic compound with the formula SnO, [8]. Multi-wall
carbon nanotubes are an important class of technological materials that has numerous
novel and useful properties. PTh/MWCNT/SnO, nanocomposite gives the best results to
use in many applications [9-13]. The chemical sensors based on inorganic metal oxides
like SnO, has long been studied for detecting various gases, because of his simple
preparation and stability [14].

A chemical sensor comprises of a transducer and an active layer for converting the
chemical information into another form of electronic signal like frequency change,
current change or voltage change [15]. Therefore, PThs nanocomposite can be used as a
Nitrogen dioxide (NO;) gas sensor. NO, detection is critical because NO; is a typical
toxic gas that is harmful to humans as well as the environment [16]. The purpose of this
work is to study the structural and optical properties of polythiophene nanocomposites.
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2. Experimental Work

PTh was prepared from thiophenes monomer at room temperature by a chemical
method. Firstly, 1 ml of thiophene monomer was mixed with 35 ml of chloroform
CHCI3. Secondly, 3.7 g of iron chloride FeCl; was dissolved in 90 ml of chloroform
CHClIs;. The results were mixed with 0.7g MWCNTSs and different concentrations (0.5
and 0.1g) of SnO,. For homogeneity, the solution is placed on magnetic stirrer at a
rotational speed of 500 to 1000 RPM. The nanocomposites were filtered and dried to
make a powder. Two nanocomposites of 0.9 g polythiophene reinforced with 0.7g
MWCNTSs and two concentrations (0.1, 0.5) g of SnO, were prepared by the chemical
method. Different techniques including field effect scanning electron microscopic (FE-
SEM), X-ray Diffraction (XRD), Fourier transformer infrared (FTIR), and UV-visible)
were used to characterize the pure PTh and the two nanostructure composite used in this
work. NO, gas sensors were fabricated from the two nanostructures.

3. Results and Discussion

The FE-SEM images of the pure PTh and the nanocomposite (0.9g PTh/0.7g
MWCNT/(0.5¢,0.1g)SnO, showed an apparent change in the morphological
composition of the surface, as shown in Figs. 1 and 2. The random distribution of SnO,
and MWCNTs was observed. Moreover, the cluster structure of 0.9g PTh/0.7g
MWCNT/0.5g SnO, had an average diameter of 57.54 nm. The FE-SEM image of the
nanocomposites 0.9g PTh/0.7g MWCNT/0.1g SnO, showed a rope-like structure that
include nanocomposite [17].

Figure 2: FE-SEM images of: a) 0.9g PTh/0.7g MWCNT/0.5g SnO,, b) 0.9g PTh/0.7g
MWCNT/0.1g SnO..
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Figs. 3 and 4 show the XRD patterns of the nanocomposites. The sharp and clear
peaks of SnO, are noted; some of the peaks disappeared as the concentration of SnO,
was decreased [18]. The MWCNTSs had broad and overlapping peaks at (002). The
XRD characterization of these patterns is listed in Tables 1, 2.
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Figure 3: XRD pattern of the nanocomposite 0.9g PTh/0.7g MWCNT/0.5g SnO..
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Figure 4: XRD pattern of the nanocomposite 0.9g PTh/0.7g MWCNT/0.1g SnO.,.

Table 1: XRD characterization for 0.9g PTh/0.7g MWCNT/0.5g SnO,.

Sample 20 (Deg.) | d hkl Exp.(A) | hkl | FWHM (Deg.) | C.S(nm)
26.5 3.35 (110) 0.36 22
33.8 2.64 (101) 0.34 24
37.8 2.37 (200) 0.34 24
0.99 PTh/0.7g 51.7 1.76 (211) 0.38 22
MWCNT/0.59 54.7 1.67 (220) 0.39 22
Sn0Oy) 61.8 1.49 (310) 0.49 18
65.9 1.41 (301) 0.45 20
71.1 1.32 (202) 0.42 23
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Table 2: XRD characterization for 0.9g PTh/0.7g MWCNT/0.1g SnO,.

Sample 20(Deg.) | d hkl Exp.(A) | hkl | FWHM (Deg.) | C.S (nm)
26.9 3.30 (110) 0.44 18
0.99 PTh/0.7g 34.0 2.62 (101) 0.39 21
MWCNT/0.1g 38.2 2.35 (200) 0.20 42
Sno, 51.9 1.75 (211) 0.37 23

The Fourier Transform Infrared spectroscopy (FTIR) is a characterization
technique used to identify the functional groups in compounds. The FT-IR spectrum in
the range of 450-4000 cm™ wavenumber of the individual PTh and PTh/MWCNT/SnO,
nanocomposite prepared by chemical method, shown in Fig. 5, recognizes the chemical
bonds and the functional groups in the nanocomposite [19], as listed in Table 3.

Table 3: FTIR for pure PTh and PTh/MWCNT/SnO, nanocomposites.

Samples Wavenumber (cm™) Type of band
3446 O-H
2925 C-H
PTh 789 C-S-H
1119 C-S-C
1664 c=C
3429 O-H
0.99 PTh/0.7g 511,457 Sn=0
MWCNT/0.5g SnO, 1427 C-H
1574 c=C
3423 O-H
0.99 PTh/0.7g 514, 468 Sn=0
MWCNT/0.1g SnO, 1419 C-H
1575 c=C
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Figure 5: FTIR spectrum PTh and PTh/MWCNT/SnO, nanocomposite.
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Bandgap energy was calculated using Tauc's relation by plotting the relation (ohv)?
versus photon energy (hv) and selecting the optimum linear part. Fig. 6 shows the graph of
(ohv)? as a function of (hv) for the pure PTh. From this graph, the bandgap energy was
found to be about 3.53 eV [20]. The bandgap energy depends on the size and crystallite
related to the confinement effect. The bandgap energies for the nanocomposite 0.99
PTh/0.7g MWCNT/0.5g SnO, was 2.78 eV, and for 0.9g PTh/0.7g MWCNT/0.1g SnO,
was 2.97eV [8, 21]. The band gap energy decreased when SnO, was added, meaning that
the band gap has narrowed and the conductivity increased [22]. Because the distance
between the valence band and the conduction band was reduced, it became easier for the
electrons to transfer.
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Figure6: Tauc's plot of pure PTh.
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Figure7: Tauc's plot of (a) 0.9g PTh/0.7g MWCNT/0.5g SnO, and (b) 0.9g PTh/0.7g
MWCNT/0.1g SnO..

The pure PTh and the two nanocomposites 0.9gPTh/0.7g MWCNT/0.5g SnO, and
0.99 PTh/0.7g MWCNT/0.1g SnO, were used in the fabrication of the NO; gas sensor.
The variations of their resistance with time as a result of gas flow are illustrated in Figs.
8 and 9 in gas-on and gas-off cases, with different temperatures of RT, 100, 150, and
200°C. The performance is interpreted as the p-type sensor behavior, where, as the
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oxidation gas is adsorbed on the sensor surface, it captures some electrons, causing the
reduction of its resistance [23].
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Figure 8: Resistance variation vs exposure time to NO, gas of 0.9g PTh/ 0.7g MWCNT/
0.1g SnO, thin films at(a) RT, (b) 100 °C, (c) 150 °C and (d) 200 °C operating temperatures.
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Figure 9: Resistance variation vs exposure time to NO, gas of 0.9g PTh/ 0.7g MWCNT/ 0.5¢
Sn0O, thin films at (a) RT, (b) 100 °C, (¢) 150 °C and (d) 200 °C operating temperatures.

84



Iraqi Journal of Physics, 2024 Vol. 22, No. 4, PP. 79-87

The sensitivity of the two nanocomposites as a function of applied temperature in
the range of 25°C-200°C for NO, gas sensors is shown in Fig.10. The highest sensitivity
value was 14.6% and 62% at temperature 150C° for 0.99 PTh/ 0.7g MWCNT/ 0.5¢g
SnO; and 0.9g PTh/ 0.7g MWCNT/ 0.1g SnOy, respectively [2].
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Fig.10 The sensitivity as a function of the operating temperature for pure PTh, 0.9g PTh/0.7¢g
MWCNT/ 0.1g SnO, and 0.9g PTh/ 0.7g MWCNT/ 0.5g SnO, fabricated sensors.

The response and recovery time decreased and increased in relation to the
operation temperature. The shortest response and recovery time at this point were for
the smallest grain size compared to other samples. The response and recovery time were
reduced with the increased oxygen content [24, 25].
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Figure 11: The recovery time as a function of the operating temperature for pure PTh, 0.99g
PTh/0.7g MWCNT/ 0.1g SnO, and 0.9g PTh/ 0.7g MWCNT/ 0.5g SnO, fabricated sensors.
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Figure 12: The response time as a function of the operating temperature for pure PTh, 0.9¢g
PTh/0.7g MWCNT/ 0.1g SnO, and 0.9g PTh/ 0.7g MWCNT/ 0.5g SnO, fabricated sensors.

4. Conclusions

In this work, the preparation methods are more suitable and easier compared
with other methods for composite nanomaterial preparation. The effect of MWCNTSs of
polythiophene composite may be considered as a major to gas sensors process. The
effect of the MWCNTSs was noted to be greater than SnO,. This supported the result of
the no change in sensitivity as SnO, was increased. The novelty result of gas sensors
appeared at the pattern MS71 which have the sensitivity 10% at room temperature.
Finally, PTh nanocomposite recorded more sensitivity compared with individual PTh
especially with the multilayer composite.
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