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Pure PANI and TiO2/PANI nanocomposite composites with widely different TiO2 weight percentages were
synthesized by chemical oxidative method. Polymerization of aniline using ammonium per sulfate (APS)
in acidic medium at room temperature for the PANI/TiO2 nanocomposite. UV–visible absorption spec-
troscopy, X-ray diffraction (XRD), Photo luminescence spectroscopy (PL) and Scanning electron micro-
scopy were used to examine the morphological and structural features of these composites (SEM).
Dynamic light Scattering (DLS) investigation is performed to find the size of nanocomposite of PANI/
TiO2. The multifunctionality of TiO2 nanocomposite doped with PANI was incorporated. The sensing
action of diazepam drugs has been widely used. The antimicrobial activity of PANI/TiO2 nanocomposite
inhibition efficiency was investigated.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

PANI/TiO2 nanocomposite was formed using ammonium per-
sulfate (APS) as the oxidant in the current investigation of ani-
line with TiO2 (Kang et al., 1998). The polymer should be in
its conductive form to generate the PANI/TiO2 for synergistic
action (Lin et al., 2012). The PANI conductivity and aggregate
sizes, on the other hand, are parameters determined by the syn-
thesis conditions (Sapurina et al., 2012). The goal of this research
was to create PANI/TiO2 composite photo catalysts, as well as to
investigate the stability, content, and properties of PANI which
are all important for the PANI/TiO2 effect. Due to its wide range
of applications, the combination of PANI and inorganic materials
such as semiconductor nanoparticles is gaining appeal. Using
ammonium per sulfate PANI/TiO2 nanocomposites have extre-
mely separate properties than conventional inorganic dopants
of mineral acids and they are critical in the production of elec-
tronic devices with superior electrical, magnetic, and optical
properties (Sudha et al., 2009; Saxena and Malhotra, 2003).
TiO2 is an amazing photo material due to its wide band gap
range. Photo catalysis is a well-studied method for using light
to stimulate semiconductor metals (Manjunath et al., 2008;
Singh et al., 2007; Govindan Nadar et al., 2021; Govindan
et al., 2019). Nano TiO2 conversion and nanopart dispersion or
nanoTiO2 in a suitable medium such as PVA (Gao et al., 2007;
Güleryüz et al., 2013), PMMA (Stejskal et al., 1992; Sung et al.,
2006), EVA (Khanna et al., 2007; Zhang et al., 1999) is a revolu-
tionary process for preparing another film. Polyvinyl alcohol
(PVA) is often utilized as the host matrix in the fabrication of
conducting polymer polyaniline nano composite films
(Rajivgandhi et al., 2019; Sudha et al., 2009). The microstructure
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Scheme 1. Pictorial PANI/TIO2 nanocomposite synthesis diagram.
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of the conducting polymer polyaniline changes over time when
it grows in the presence of inorganic minerals (TiO2) and PVA
(González-Benito et al., 2013; Park et al., 2004). The PVA poly-
mer and nano composite are useful application (Hermas et al.,
2014; Yu et al., 2011; Rajivgandhi et al., 2019). Several research-
ers have observed that polyaniline’s thermal stability can be
increased by mixing it with TiO2, SnO2, polystyrene (Al-Ahmed
et al., 2004); xanthenes gum (Ebrahim et al., 2009), and poly-
thiophene (Mo et al., 2008). Antimicrobial activity of PANI/TiO2

nanocomposites against Staphylococcus aureus and Escherichia
coli has been observed (Alam et al., 2013). By producing nanos-
tructured forms with the addition of metal oxide, some recent
studies have increased (PANI) as a sensitivity and selectivity
(Hu et al., 2012; Jiang, 2008). Nanocomposite characteristics
are controlled by morphology and interfacial variables in addi-
tion to constituent qualities (Dexmer et al., 2008). The majority
of these approaches rely on aggregation in the presence of Hg
(II) to cause a change in color change in melting transitions
and electrochemical measurements (Kaushik et al., 2009; Green
and Woodhead, 1912; Govindan Nadar et al., 2020;
Muthuchamy et al., 2020; Genies et al., 1990).
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2. Material and methods

2.1. Needed chemicals and instruments

Aniline (Sigma-Aldrich), HCl Merck, 37%, ethanol (99.8% Merck),
30%, H2O2 (Sigma-Aldrich), 95%, and H2SO4 (Merck), 98% (Sigma)
Ammonium ferrous sulphate, On a Shimadzu FTIR-8400 spectrom-
eter (Tokyo, Japan), FTIR spectra of PANI and its nanocomposites in
the wave number range of 400–4000 cm�1 were recorded. On a
Hitachi U-2900 spectrophotometer (Tokyo, Japan), In NMP, UV–
visible absorption spectra of PANI and its nanocomposites were
observed in the range of 250–800 nm. The Expert–PRO X-ray dif-
fract device used for measuring the X-ray diffraction (XRD) of the
materials. The Cu as anode (K-Alpha �1.54060), all compounds
were examined in the range of 10 to 80. The data were measured
with a DLS 5000 laser spectrometer geonimetre (ALV) from Ger-
many (Sung et al., 2006).
2.2. Synthesis of polyaniline

The in-situ chemical oxidation polymerization technique was
used to generate the polyaniline composite. To create aniline
3000 4000
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hydrochloride, 1 M of 9 ml aniline was combined with 1 M of 3 ml
hydrochloric acid for 15 min. 0.1 M of ammonium persulphate
(APS), an oxidant, was added dropwise with continuous stirring
at 50 0C for 4 h to completely polymerize this solution. The precip-
itate was filtered, rinsed with deionized water and acetone, and
then dried in an oven for 24 h to obtain a homogeneous mass.

2.3. Synthesis of polyaniline titanium dioxide (PANI/TiO2) nano
composites

An in-situ chemical oxidation polymerization technique was
used to create PANI/TiO2 nanocomposites. To create aniline
hydrochloride, 1 M of 9 ml aniline was added with 1 M of 3 ml
hydrochloric acid (HCl) for 15 min. TiO2 powder is added in the
mass fraction to the previous solution with vigorous swirling to
keep the TiO2 homogeneously suspended in the solution. 0.1 M
of ammonium persulphate (APS), an oxidant, was added drop by
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drop at 50 �C for 4 h with constant stirring to fully polymerize this
solution. The precipitate was filtered, washed with deionized
water and acetone, and dried in an oven for 24 h to create a reliable
mass of PANI/TiO2 nanocomposite with various TiO2 weight per-
centages (5 %, 10%, 15%, 20%, and 25%) formed in this manner.
The samples were then ground down with an agate mortar
(Saxena and Malhotra, 2003). Total synthesis process was available
in Scheme 1.

2.4. Preparation of antimicrobial assay discs

Bacterial strains of Klebsiella pneumoniae and Proteus mirabilis
were developed at the Chandigarh’s Microbial Type Culture Collec-
tion Centre (MTCC). The Microbial Type Culture Collection Centre
(MTCC) in Chandigarh created the fungus strains Aspergillus Niger
and Aspergillus flavus. The Whatmann No. 1 filter paper has been
used to make the discs with a diameter of 6 mm. At 121 �C, the
discs were autoclaved. The moisture discs were disinfected before
being dried in a hot air oven at 50 �C. After that, a quantity of sol-
vent extract and control discs were made.

3. Results and discussion

3.1. Fourier- transforms infrared spectra

Fig. 1 depicts TiO2 and PANI/TiO2 for FT-IR spectra. Polyaniline
major distinguishing bands were visible in addition to the TiO2

peaks. The quinoid and benzenoid structures of PANI were repre-
sented by the bands at 1513 and 1599 cm�1 respectively. The band
at 1285 cm�1 was also assigned to C–N stretching of a secondary
aromatic amine. The presence of PANI/TiO2 in the complex is iden-
tified by the presence of asymmetric and symmetric C=O stretching
peaks at 1206 and 694 cm�1. The peak at 694 shifted to 679 cm�1

due to TiO2 coordinated with PANI. FTIR approach is very impor-
tant for transition element doped the organic compound below
1000 cm�1 is arrived.

3.2. Polyaniline with TiO2 UV–Visible spectrum

Fig. 2(a) and (b) show the UV–Vis spectrum of PANI and PANI/
TiO2 nanomaterial. The metals are attributed to the two distinctive
11
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Fig. 4. PL spectra of PANI/TIO2 nanocomposite.

Fig. 5. DLS image of PANI/TIO2 nanocomposite.

Table 1
DLS report size DI distribution
of PANI/TIO2 nanocomposite.

Distribution Result

Peak Diameter (nm)

1 1.8
2 73.1
3 1,502
4 0.0
5 0.0

Fig. 6. SEM image of (a) PANI and (b) PANI doped with TiO2 (c) EDAX-spectrum.

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
-0.00004

-0.00003

-0.00002

-0.00001

0.00000

0.00001

0.00002

0.00003

0.00004

C
ur

re
nt

 (
) 

Potential (v)

Fig. 7a. Cyclicvoltammogram of the GCE/PANI.
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bands of doped PANI with TiO2 that emerge at about 384 and over
402 nm. The generated nanocomposite can absorb UV and visible
light strongly (Lin et al., 2012) as shown in Fig. 2(b). PANI bands
with a wavelength of 295 nm can be seen in the hybrid samples.
Furthermore, in the nanocomposite, the peak at over 402 nm in
PANI doped with TiO2 is clearly displaced. Encapsulation of TiO2

NPs has an influence on conducting polyaniline doping was
determined.

3.3. PANI/TiO2 X-ray di fraction

Polyaniline and PANI/TiO2 composites were investigated by X-
ray diffraction patterns. Polyaniline has an amorphous structure,
according to X-ray diffraction studies. Fig. 3 shows that the PANI/
TiO2 composites of X-ray diffraction pattern exhibits well-defined
broad peaks, indicating that the materials are well-crystalline.
The observed 2h values of 28, 36 and 55 of planes 112, 102 1nd
110 are coordinated in line with the JCPDS no-88-8622 standard.
Due to the presence of TiO2, the resultant diffract ion has a perfect
crystalline structure. The XRD pattern of the PANI/TiO2 composite
4

reveals that it has an average nano particle size of 1.641 nm due to
TiO2 dispersion in polyaniline during the polymerisation.

3.4. Photoluminescence studies

Photoluminescence is the light emission and absorption of pho-
tons. The emission over a widespread range from the violet to red.
PL properties organic polymers emission peak obtains from poly
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aniline 645 nm and PANI / TiO2 nanocomposite were formed. The
emission peak obtained at 645 nm as shown in Fig. 4. It is shown
a sharp peak emission of light by conjugated polymer is due to
inter chain energy migration and experimental evidence abun-
dance by the presence of two types of excitation (Chen et al.,
2005). These excitations are PANI and PANI doped TiO2 nanocom-
posite through transfer from polaron bond high energy transaction
in the presence of photo Luminas spectra (Goncalves et al., 2010).
The existence of low energy (1.4 and 2.1 eV) transitions due to the
polaron bands and high energy (4.0 eV) show the emission about
very high intensity to dopant concentration may be strong the
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interaction between p bond conjugation of poly aniline doped
TiO2 nano particles strong interaction due to the existences poly-
mer multiple electronic state polar and defect to investigated by
PLS spectra.
3.5. DLS studies

Fig. 5 shows the strong absorption of light by the PANI/TiO2

nanocomposite prevents the DLS approaches from observing light
scattering during polymerization. The reaction mixture was
diluted with 10 ml of 1 M HCl in 60 s interval. After dilution mix-
0 1 2

/DIAZEPAM

e GCE/PANI/TIO2/DIAZEPAM.
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Fig. 8a. Anti-bacterial activity of the nanomateral against K. pneumoniae and P.
mirabilis.

Fig. 8b. Anti-fungal activity of nanomaterial against Aspergillus niger and Aspergillus
flavus.

J. Kalaiarasi, D. Balakrishnan, Lamya Ahmed Al-Keridis et al. Journal of King Saud University – Science 34 (2022) 101824
ture was the immediate characterized by particles size analyzed
using with DLS. The PANI doped TIO2 nanocomposite particles size
distribution of curve show intensively two peak at 73.1 nm and
1502 nm as shown in Table 1. They are attributed to diameter
and length of PANI/TIO2 nanocomposite (Liu et al., 2006). Moreover
DLS results proved that the water content swelling nano fiber.
3.6. Scanning electron microscope (SEM)

The SEM image of PANI nanoparticles in 1 mM aniline (pH = 5)
solution is shown in Fig. 6. The bulk powder rice grain qualities are
Table 2
Assay of antibacterial activity.

S.No. Microorganism Zone of Inhibition (mm in

Control Sta

2 Klebsiella pneumoniae – 18
3 Proteus mirabilis – 20

6

fused together rather than distinct particles (Sapurina et al., 2012).
The PANI nanospheres were synthesized depending on the out-
comes as shown in Fig. 6a. PANI nanospheres have an averagewidth
of 20 nm and a thickness of 40 to 100 nm as shown in Fig. 6b. Tita-
nium apparently appeared in EDAX spectrum as shown in Fig. 6c.

3.7. Cyclic voltammetry

The electron mediating qualities for a current response are par-
ticularly significant for an electrochemical material. Due to the
diameter)

ndard* Acetone Ethanol Methanol

18 21 19
20 18 16



Table 3
Assay of antifungal activity.

S.No. Microorganism Zone of Inhibition (mm in diameter)

Control Standard* Acetone Ethanol Methanol

1 Aspergillus Niger – 20 1 8 8
2 Aspergillus flavus – 12 1 11 10
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presence of 350 mM diazepam in 0.1 M PBS, the major character-
istics of a competent electron mediator include improved current
responsiveness and reduced variance in peak potential (DEp).
Fig. 7a of PANI/GCE shows that the increased electro catalytic cur-
rent response of various components of the sensor. The Fig. 7b and
Fig. 7c show that the sensing capability increase when PANI doped
with Titanium dioxide against Diazepam (Cai et al., 2017) (pH-7).
The modest reduction peak current of diazepam was detected at
about �1.5 V for the bare electrod whereas the corresponding
potential for doped the nanocomposite of GCE electrode was at
�2V. In the present study simple and effective sensor set us has
been developed by using glass cuvettes. PANI doped TiO2

nanocomposite immerse sensing the diazepam solution was
recorded by cyclic voltammeter. The standard value of signals to
find out all the immersion time for PANI/TiO2chemical sensor
against 100 ppm of diazepam (Govindan et al., 2020). The PANI/
TiO2 nanocomposite has recorded an initial increase with time
expose to 100 ppm of diazepam (Fig. 7d).

3.8. Assay of antibacterial activity

A modified Bauer method has been used to investigate antibac-
terial activity. Before being refrigerated to 45�Celsius, Muller Hin-
ton agar was prepared and autoclaved for 20 min at 15 lb of
pressure. The solidified media was transferred to sterile petriplates
after cooling. Using a sterile swab, the plates with medium were
seeded with the appropriate bacterial isolate. The various solvent
extract discs as well as control and standard Nitrofurantoin
(300 g) for Bacter discs were placed separately on each petriplate.
At 37 �C, the plates were incubated for 24 h. The diameter of the
zone formed around the paper disc was measured and expressed
in mm after the incubation period (Fig. 8a). The values of the zones
were arranged in Table 2.

3.9. Assay of antifungal activity

Antifungal activity was determined using a modified version of
the Bauer et al technique (1966). PDA (Potato Dextrose Agar) was
prepared, autoclaved for 20 min at 15 lb of pressure and chilled
to 45 �C. The cooled fluid was mixed with 10 ml/L tartaric acid
(10 percent) which acts as an antibacterial agent and placed on
sterile petriplates to solidify. The microorganism vesicles have
been seeded onto the medium plates using a sterile cotton swab.
The extract discs first from various organic solvents were placed
individually on each Petri plate along with control and standard
(Iitraconazole (10 g) discs. For 72 h, the plates were kept at
28 �C. The diameter of the zone formed around the paper disc
was measured and represented in millimetres after the incubation
period was completed. The zone of inhibition against tested fungi
was indicated in Fig. 8b and the zone of inhibition values were
available in Table 3.

4. Conclusion

PANI and TiO2 nanocomposite were successfully encapsulated
by in situ chemical oxidative methods PANI on the surface of
TiO2 nanoparticles formation of PANI/TiO2 nanocomposite at iden-
7

tification of techniques by FTIR, UV, XRD and SEM. The result
showing metal oxide dopped PANI and TiO2 nanocomposites
increased the polymerization and more effective sensing capabil-
ity. When compared to pure PANI and PANI doped TiO2 nanocom-
posite effective qualities of sensitivity. The nanocomposite
interaction between diazepam drug molecules has superior sensi-
tivity was measured by cyclic voltammeter. The antibacterial activ-
ity of PANI/TiO2 nanocomposite was examined. Klebsiella
pneumoniae and Proteus mirabilis were among the antimicrobial
compounds isolated. Disk diffusion method for isolated fungi, such
as Aspergillus Niger and Aspergillus flavus were investigated. The
disc diffusion method was used to compare the percentage of inhi-
bition of collected PANI/TiO2 nanocomposites and fungus to the
positive control Amphotericin-B (200 mg).
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