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Abstract. The films of Poly O-toluidine. Titanium dioxide (POT.TiO;), mixed with different types of
conventional polymers were effectively created via casting method. TiO, nanoparticles were used as
reinforcement in POT blends (POT.TiO2/PMMA, POT.TiO,/PS, and POT.TiO»/PEQO) with constant concentration
to improve their mechanical and electrical properties. The POT.TiO, nanocomposites were produced using in-situ
chemical oxidative polymerizatione. The morphology, structural characteristics, and functional groups of the
produced samples were examined using field-emission scanning electron microscopy FE-SEM, X-ray diffraction
XRD, and Fourier transform infrared spectroscopy FTIR. FE-SEM images show that the morphology of
POT.TiO/PMMA and POT.TiO./PS films is approximately similar; they appear as semi-spherical and spherical
protrusions structures. The situation is different in POT.TiO»/PEO, as the morphology has rough and disorganized.
The characteristic peaks in all the samples indicated a polycrystalline structure of the films, also the XRD spectra,
indicated that the addition of conventional polymers enhanced the crystallinity state of POT.TiO,. Electrical
conductivity was assessed using the two-probe method at room temperature and found the POT.TiO»/PEO film
demonstrated the maximum value of electrical conductivity of about 2.81x1078 S.cm™'. The mechanical properties
of the prepared samples were determined by measuring their tensile and hardness. The POT.TiOo/PMMA film
had the highest tensile and hardness values. This study looked at what happens when the type of conventional
polymer is changed and how that changes the electrical and mechanical properties of POT.TiO; blends, with the
aim of improving the mechanical and electrical properties for polymer films.
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1. INTRODUCTION

Conductive polymers have unique properties of a mixture between metals and their electrical
properties and the advantages of conventional polymers, with lower cost, lighter weight, and corrosion
resistance [1].

One of the conductive polymers that researchers concentrate on is POT. Due to its poor
processability and mechanical characteristics, POT has limited applications [2]. The POT can be
blended with one or more conventional polymers to improve its mechanical properties, resulting in a
novel POT blend with distinct physical features [3].

The most popular conventional polymers used in conductive polymer blends are poly (methyl
methacrylate) PMMA, polystyrene PS, and poly (ethylene oxide) PEO. PMMA is obtained by
polymerization of methyl methacrylate. It is characterized by its transparency (excellent optical
properties, 92% light transmission), its ease of implementation, its mechanical properties (rigidity and
impact resistance), its dielectric properties, and its resistance to aging (excellent UV resistance) [4].

Polystyrene, commonly called crystal polystyrene because of its transparency, results from the
polymerization of styrene under the action of catalysts. It is characterized by rigidity and brittleness.
High-impact polystyrene, a translucent or opaque product, resulting from a copolymerization by
grafting with an elastomer, polybutadiene or poly(butadiene/styrene), which gives it reduced rigidity
and good impact resistance (3 to 10% butadiene) [5].

Poly (ethylene oxide) is characterized by its solubility in water and ethanol and has a melting
point of 54-58 °C, while its density ranges from 1.1 -1.2 gm\cm?, and it is in the form of a white solid
with a moderate odor and has excellent solubility and good thermal stability. Radiation, especially UV
radiation with a short wavelength and high energy, greatly affects poly (ethylene oxide) due to its ability
to dissolve and form free radicals. This leads to the formation of cross-linking, which in turn transforms
the polymer from a transparent state to an opaque one due to the formation of crystalline regions. It is
also affected by reinforcement with different types of reinforcing materials, such as changes in hardness,
strength, and fracture toughness [6].

However, another difficulty arose for researchers, that is, the electrical characteristics of
conductive polymers are adversely affected by mixing with conventional polymers, TiO, nanoparticles
were used as reinforcement in POT blends to enhance their mechanical and electrical properties [7].

A POT.TiO; nanocomposite is a POT matrix with TiO, nanoparticles; it has unique features
that cannot be attained by each component functioning independently. To incorporate TiO;
nanoparticles into the POT structure, a polymerization process is used in the presence of TiO»
nanoparticles. Because of the formation of POT.TiO, networks, POT.TiO, nanocomposites possess
distinctive physical and chemical properties that have made them a pioneer in a wide range of electronic
applications, especially organic electronics [8].

Using conductive polymers doped with semiconductor oxides and conventional polymers is
helpful because it combines the electrical and optical properties of the conductive polymers and
semiconductor oxides with the mechanical properties of conventional polymers, such as plasticity. Due
to their properties, these blends are particularly interesting in several areas of commercial applications:
Organic solar cells, organic light-emitting diodes, organic field-effect transistors, antistatic coatings,
rechargeable batteries, electrolytic capacitors, conductive coatings, electromagnetic shielding, chemical
or biological sensors [9-10].

The main goal of this study is to synthesize POT.TiO, nanocomposites by using site-
polymerization and to investigate the effects of blending POT.TiO, with different conventional
polymers (PMMA, PS, and PEO). The study aims to evaluate and compare the structural, mechanical,
and electrical properties of these blends to determine the most effective conventional polymer for

67



Hadi Hassan Mohammed et al. / Malaysian Journal of Microscopy 2024 20(2) 66-75

enhancing the performance of POT.TiO; in creating polymer composite films with optimized electrical
conductivity and mechanical strength. This will provide insights into which polymer blend is most
suitable for potential applications in flexible electronics, energy storage, and advanced materials.

2. MATERIALS AND METHODS

2.1 Materials

The following chemical materials are used in the research is shown in Table 1.

Table 1: Employed chemicals materials.

Chemical materials Mw g/mol
O-Toluidine 107.16
Hydrochloric Acid (HCI) 36.46
Ti0O; nanopartials powder 79.88
Chloroform (CHCIs) 119.20
Ammonium persulphate (NH4),S,0s 228.20
Poly(methyl methacrylate) 35000
Polystyrene 32000
Poly (ethylene oxide) 200000
Distilled water —

2.2 Preparation of POT.TiO;

POT.TiO, nanocomposites were prepared using in-situ oxidative polymerization, by dissolving
2.5 g O-Toluidine in 1 M HCI and then adding 0.2 g TiO nanoparticles to obtain O-Toluidine.TiO;
solution. 0.2 g of TiO; is the minimum weight added that shows improvement in the properties of POT.
A monomer/oxidant was used, similar to the one reported by Jameel et al. [11] and Alwan [12], who
obtained the emeraldine salt of POT.TiO, powder. A POT.TiO; film cannot be prepared by casting
method because when the solvent evaporates after casting, the POT.TiO; returns to the powder state
since it does not dissolve in most solvents but rather spreads in them, and the POT solution does don’t
have viscosity.

2.3 Preparation of POT.TiOyPMMA, POT.TiOyPS, POT.TiO/PEO Films

Films were created using POT.TiO; blends via casting method. First, a POT.TiO; solution was
produced by dissolving 0.05 g of POT.TiO, powder in 5 mL of chloroform. The solution was stirred
for 2 hours to ensure homogeneity. Then it was added 0.2 g PMMA to the POT.TiO; solution and kept
under continuous stirring for another two hours to get the POT.TiO./PMMA solution. The procedure
was repeated: 0.07 g PEO and 0.2 g PS were added, to prepare POT.TiO/PEO and POT.TiO,/PS
solutions, respectively. Weights of 0.2 and 0.07 g of (PMMA, PS) and PEO were chosen because they
are the minimum amount from which polymer films can be obtained, in addition, the films are the same
thickness. Used a Petri dishes to cast samples from the previously prepared solutions and allowed to
dry for four days at room temperature to create the films.

2.4 Thickness Measurement

The thickness of the samples is an important parameter in studying the physical properties of
the films. All samples must have the same thickness to facilitate comparisons. The thickness of the
samples was measured using a digital micrometer, and it was found that the thickness of the samples is
within the limits of 6310 um.
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2.5 Field-Emission Scanning Electron Microscope (FE-SEM)

A field-emission scanning electron microscope (TESCAN MIRA3 FS-SEM) was used to look
at the particles of the samples and see things like their size, shape, and how their sizes were spread out.
It is necessary to coat the samples with gold before imaging.

2.5 Fourier Transforms Infirared Spectroscopy (FTIR)

A Fourier transform infrared spectrophotometer (FTIR-8400S) provided by Shimadzu was used
to characterize the prepared polymer films. This instrument operates within the range of (500-4000)
cm-1. FT-IR measurement is essential for identifying the functional groups in polymer films and is a
good method for detecting types of bonds in samples.

2.6 X-Ray Diffraction

This type of examination is carried out to study the crystal structure of the prepared samples.
This is achieved by studying the X-ray diffraction pattern of the films, which identifies the locations of
the peaks that appear when a beam of X-rays is directed at specific angles on the film's surface.
According to Bragg's Law, these peaks are caused by X-ray waves reflecting off of parallel crystal
surfaces. These surfaces cause constructive interference for the waves, which is what these peaks are.
In the current study, an X-ray diffraction device was used with the following specifications: Type:
Philips, source Cu, current was 30 mA, voltage was 40 kV, and the wavelength A =1.5405 A°.

2.7 D.C. Electrical Conductivity

To measure the DC conductivity of the prepared films, a system consisting of a DC power
supply and a Keithley 8110G/8105G low-voltage current meter was used. A specific voltage difference
was applied through the power supply, and the current passing through the film was read. By plotting
the generated current with the applied voltage, the electrical resistance of the films was calculated as
the reciprocal of the slope (1/Slop). Then, the electrical conductivity (c) was calculated as one of the
important electrical properties that determine the nature of the film's use.

2.8 Tensile

In this test, a tensile testing device of the type JIANQIAO TESTING EQUIPMENT was used,
where the sample is fixed in the designated position between the jaws to hold the sample firmly and
ensure that it does not move during the test. When the device is turned on, the handles begin to pull the
sample from the top and bottom, with a value calculated through the device screen now of the sample's
breaking (failure). Here, the tensile test was performed for each prepared polymer film, and its
maximum tensile strength was determined.

2.9 Hardness

To calculate the hardness, a Shore-A hardness tester model TH200 was used. The Shore-A
hardness tester model TH200, a hand-held device, consists of a spring-loaded needle-shaped insert that
punctures the surface of the sample and then records the number that appears on the device's screen.
Four readings were recorded at different locations, and the average was calculated.

3. RESULTS AND DISCUSSION

The morphology of the POT.TiO/PMMA, POT.TiO,/PS, and POT.TiO,/PEO films are shown
in Figure 1. All images showed the coating of conductive and conventional polymers onto the TiO,
nanoparticles, with smooth surfaces when blending with PMMA and PS. However, when coated with
PEO, the surfaces of the TiO nanoparticles became rough and disorganized. The TiO, nanoparticles in
this polymer were well dispersed, leading to an increase in their diameter. Meanwhile, the POT/TiO,
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blend films showed a formation of interwoven structure and an enhancement in conductivity, similar to
the results obtained by Haider et al. [13] and Adaikalam et al. [14]. FE-SEM images show that the
morphology of POT.TiO/PMMA and POT.TiO,/PS films is approximately similar; they appear as
semi-spherical and spherical protrusions structures. The situation is different in POT.TiO./PEO, as
morphology is rough and disorganized.

SEM HV: 15.0 KV WD: 16.48 mm
7 t SE

Figure 1: FE-SEM images of (a) POT.TiO2/PMMA, (b) POT.TiO,/PS and (c) POT.TiO»/PEO films

Figure 2 displays the X-ray diffraction patterns of the POT.TiO, powder and
POT.TiO2/PMMA, POT.TiO»/PS, and POT.TiO»/PEO films. The X-ray diffraction pattern of
POT.TiO; powder (Figure 2(a)) demonstrated characteristic peaks of polycrystalline POT.TiO, powder
at 20 = 25.44°,27.4°,37.68°, and 47.7°. The POT.TiO, powder also showed a crystalline peak at 260 =
25.44°, with high intensity and sharpness. This peak, which is common in POT and TiO,, denoted that
long-range conjugation occurred. Due to the substantial improved conjugation in TiO nanoparticles,
this peak was substantially sharper in the POT.TiO, nanocomposite [7]. The peak in POT.TiO, X-ray
diffraction pattern at 20 = 47.7° disappeared, and it was offset by the growth of a new peak at 20 =
15.16°. In the POT.TiO»/PMMA and POT.TiO/PS films (Figures 2(b) and (c)), a strong peak around
20 = 15.16° and peaks at 20 = 25.44° and 27.4° were observed, which are the characteristic peaks of
these blends [14]. The X-ray diffraction pattern of POT.TiO»/PEO films shown in Figure 2(d) exhibited
a growth of more peaks than in the two other films: strong characteristic peaks at 26 = 22.9° and 26.2°
and three peaks at 20 = 15.16°, 25.44°, and 27.4°. Some peaks corresponded to the (120) reflection of
the PEO structure at 20 = 22.9°, other peaks corresponded to the PEO structure at 26 = 25.44°, and the
rest of the peaks indicated the structure of POT.TiO»/PEO [15]. In all the films, the characteristic peaks
indicated a polycrystalline structure. Meanwhile, the POT.TiO, powder showed low-intensity broad
band peaks compared with the POT.TiO./PMMA, POT.TiO./PS, POT.TiO,/PEO films, indicating that
the addition of conventional polymers enhanced the crystallinity state of POT.TiO,. Conventional
polymers added to POT.TiO, powder that improve crystallinity by providing crystallization centers,
limiting the movement of molecules, increasing contact between components, and forming separate
phases this produces larger crystals and well-organized growth, appearing strong and sharp peaks in
spectrum analysis.

The X-ray spectra can be used to compute the average crystallite size (C.S.) of the powder and
films by using the full-width-at-half-maximum (FWHM) approach (Scherrer relation) as follows [16]:

DA
&= (1)

where AO is the FWHM of the XRD peak appearing at the diffraction angle 0; D is Scherrer’s constant,
usually assumed as D = 1; and A is the X-ray wavelength. Table 2 shows the results of average C.S. The
C.S. of the powder and films demonstrated approximately similar C.S. of 12.02 nm, except for the
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POT.TiO2»/PEO film, which had a C.S. of about 27.56 nm, implying that this film had the best
crystallization state.

d) POT.TiO2/PEO

¢) POT.TiO,/PS

b) POT.TiO/PMMA

Intensity (arb. unit)

a) POT.TiO,

10 20 30 40 50
26
Figure 2: The XRD spectra of (a) POT.TiO, powder, (b) POT.TiO2/PMMA, (c) POT.TiO»/PS and (d)
POT.TiO2/PEO films.
Table 2: The physical parameters of POT.TiO, powder, POT.TiO,/PMMA, POT.TiO,/PS and
POT.TiO2/PEO films
Samoles Crystallite Conductivity o Tensile Hardness
P Size (C.S.) nm (S.cm™) (MPa) Shore A
POT.TiO, Powder 1202 e e e
POT.TiO/PMMA film 9.56 1.22x10°8 7.98 112
POT.TiO»/PS film 13.33 2.21x10°8 6.76 118.5
POT.TiO,/PEO film 27.56 2.81x1078 3.51 110.3

The FTIR spectra of POT.TiO; powder and POT.TiO; blends films are shown in Figure 3. The
FTIR spectra of POT.TiO, powder (Figure 3(a)) showed a peak at 709 cm ™!, which was attributed to the
Ti—O bonds. The peak at 911 cm™' corresponded to the C—O—C vibration, and the peak at 1228 cm™!
corresponded to the conducting protonated state of POT. The presence of benzoid band around 1503
and 1596 cm™! indicated the emeraldine salt form of POT in POT.TiO, nanocomposite. The band at
2998 cm ™' may be assigned to the C—H or C=C stretch bond. The strong and broad peak at 3314 cm™!
was attributed to the N-H stretching vibration of aromatic ring in POT. The peak at 3823 c¢m!
represented the Ti—O-Ti and O-H stretching frequencies. Thus, the FTIR spectra confirmed the
formation of POT-TiO; nanocomposites [17]. The FTIR spectra of POT.TiO»/PMMA films are shown
in Figure 3(b). The characteristic peaks at 733 and 3801 cm™! were attributed to the TiO, bonds. The
characteristic peak at 3454 cm™! referred to the N-H stretching vibration in POT. The band around
2894-3022 cm! was attributed to C-H bond, and that at 1707 cm™! may correspond to the C=0
stretching in PMMA. The band at 1466 cm ™! represented the O—CH3 deformation in PMMA, and the
band at 1285 cm™! referred to the C—N stretching mode of the benzenoid unit of POT [18].
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Figure 3: The FTIR spectra of (a) POT.TiO2 powder, (b) POT.TiO2/PMMA, (c) POT.TiO/PS and (d)
POT.TiO,/PEO films.

When mixing two polymers, their functional identity in the mixture has similar bond vibrations,
leading to a change in intensity and sometimes shifting of the peak position due to the interaction
between the nitrogen in POT/Ti0; and the electron-deficient carbon center of PMMA [19]. The FTIR
spectrum of POT.TiO»/PS films shown in Figure 3(c) showed a peak at 3080 cm™', which may
correspond to C—H aromatic stretching vibration. The peak at 2971 cm™' was attributed to the
asymmetrical and symmetrical stretching vibrations of CH». The stretching vibration of benzene ring
can be attributed to the peak at 1536 cm ™!, and the peaks at 693 cm™!' were due to the C—H out-of-plane
bending vibration of benzene ring. Moreover, some POT peaks overlapped with polystyrene peaks [20].
The FTIR spectrum for POT.TiO»/PEO film is shown in Figure 3(d). Obvious changes were observed
in the intensities, and a number of peaks were pronounced between 547 and 1612 cm™! because of the
significant interaction between the oxygen of the ether group of PEO and the nitrogen in the aniline of
POT. The electrical characteristics of POT.TiO,/PMMA, POT.Ti0,/PS, and POT.TiO»/PEO films were
examined. How changing the standard polymer may affect the electrical conductivity of films was
explored. Studying the voltage—current characteristics is a necessary step in deciding the process of
electrical conductivity in prepared samples. Figure 4 displays the current—voltage characteristics of the
prepared films made with various standard polymers. The electrical conductivity values are listed in
Table 2. The results revealed the maximum conductivity value of the POT.TiO»/PEO film at about
2.81x10°% S.cm™" due to the enhancement in the structural properties of the film and the increase in
crystallite size, which led to improved conductivity compared with the two other films. The increase in
conductivity was also attributed to the good contact between POT.TiO; and the PEO quinoid rings [21].
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Figure 4: The (current-voltage) characteristic for POT.TiO,/PMMA, POT.TiO/PS, POT.TiO./PEO
films.

The mechanical properties were determined, mainly to investigate the effect of changing the
conventional polymer on the tensile strength and shore A hardness behavior of POT.TiO; blends films.
The tensile characteristics of POT.TiO; blends were altered by the interaction of conventional polymer
molecules with POT.TiO,. The tensile strengths of POT.TiO/PMMA, POT.TiO./PS, and
POT.TiO2.PEO films were measured, as shown in Table 2. The maximum tensile strength values of the
POT.TiO»/PMMA film were obviously higher than those of the two other films due to the high degree
of miscibility between POT.TiO; and PMMA. Furthermore, the POT.TiO; dispersion in PMMA worked
as crosslinking centers between the PMMA molecules by settling down at the voids and interface sites
[4]. The resistance of a sample to localized plastic deformation, or, as it is known, the hardness, was
measured for all samples. The micro hardness values of POT.TiO,/PMMA, POT.TiO,/PS, and
POT.TiO2/PEO films are shown in Table 2. The POT.TiO»/PS film had higher hardness values of about
118.5 than the two other films, because the overlap and stacking restricted the mobility of the polymer
molecules, thereby increasing the material’s resistance to cuts, scratches, and plastic deformation [22].
Each sample has characteristics that make it suitable for a particular electronic application.
POT.TiO»/PMMA may be suitable for applications requiring insulation materials and complex devices
such as capacitors and optical filters, while POT.TiO/PS is a suitable choice for applications such as
transistors and insulating films on printed circuits. Finally, POT.TiO»/PEO can use flexible devices like
sensitive devices, batteries and wearable sensors.

4. CONCLUSIONS

The casting method was used to successfully prepare POT.TiO, blends films. The effects of
different conventional polymers on morphology, crystallinity, functional groups, electrical
conductivity, tensile strength, and shore A hardness of POT.TiO, blends films were investigated. The
results showed well dispersed TiO; in the films. The XRD data exhibited the polycrystalline structure
of all the films. According to the FTIR spectra, the modifications in conventional polymers with
POT.TiO; resulted in the emergence of new peaks, clearly denoting the blend between POT.TiO, and
conventional polymers. Lastly, the electrical and mechanical tests showed that the POT.TiO»/PEO film
had higher electrical conductivity and lower hardness and tensile values than the POT.TiO,/PMMA and
POT.TiO/PS films. This makes each sample it suitable for a particular electronic application.
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