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1.Introduction: 
Polymer nanocomposites are tight (almost 
molecular) pairings of one or more inorganic 
nanoparticles and polymers that combine the 
unique qualities of the former and the latter's 
inherent traits. [1]. Several investigations have 
been conducted to enhance the techniques for 
adding nanoparticles to polymeric matrices. In 
these combinations, the polymer is usually taken 
in melt or solution form, and the components are 
usually blended or mixed. Sensors, 
microelectronics, nonlinear optics, battery 
cathodes, and other fields have successfully 
employed the resultant nanocomposites [2]. 
Since the creation of materials and 
nanocomposites based on nanoclusters the field 
of materials science has made considerable 
strides. A unique class of materials known as 
nanocomposites is created by skillfully 
combining several nanosized particles or objects 
in a particular way. The resulting materials have 
unique physical characteristics and a broad 
range of possible applications. The ability of 
parent elements to successfully combine into a 
single material has resulted in novel attributes of 
nanocomposites [3]. However, in every instance, 
the creation of the nanocomposite necessitates 
trapping or encapsulation as opposed to merely 
merging or fusing. The previous class of 
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Abstract: Polyaniline-NiO (PANI-NiO) nanocomposites reinforced with NiO nanoparticles in a polyaniline 
matrix were successfully manufactured using a simple perfunctory mixing procedure. PANI-NiO 
nanocomposites were used to describe the intermediates and final products of the nanocomposites using 
spectroscopic techniques and antimicrobial studies. In addition to studying the chemical structure, optical 
properties, crystalline nature, heat conductivity, surface morphology, and antibacterial agents, this work 
provides a straightforward and effective way to control PANI-NiO nanocomposites. The synthesized PANI's 
conductive emeraldine base form was validated by UV-Vis and FTIR data, the creation of PANI-NiO 
nanocomposites and the electrical interaction between PANI and NiO was confirmed. X-ray diffraction 
studies have demonstrated that the PANI matrix and NiO nanoparticles can be successfully incorporated 
to create hybrid nanocomposites. Scanning electron microscope (SEM) micrographs demonstrated that 
PANI was effectively enlarged by NiO treatment and that the final nanocomposite had completely exfoliated 
NiO powders. The thermal stability of the complex was investigated using thermogravimetric analysis, 
which demonstrated that the polymer nanocomposites increased the thermal stability over pure organic 
polymers. When the antibacterial activities of the molecules were investigated, PANI-NiO was found to be 
a highly effective antibacterial agent. The intercalation of PANI into the NiO nanoparticles is thought to be 
the reason for the increase in antibacterial agents in the PANI-NiO nanocomposites. The above systematic 
investigation reveals that the NiO nanoparticles in the PANI matrix have a phenomenal effect on determining 
the important and antibacterial properties of the nanocomposites. 
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nanocomposites, referred to as the "inorganic-
in-organic" system, is the subject of this 
introduction. Organic-inorganic 
nanocomposites are often defined as natural 
polymer nanocomposites with inorganic 
nanoscale building blocks. Materials for organic-
inorganic nanocomposite systems have long 
been the subject of intensive research, when 
their inorganic portions reach the nanoscale [4]. 
The benefits of organic polymer include 
flexibility, dielectricity, ductility, and 
processability, whereas those of inorganic 
materials include stiffness and thermal stability. 
The production of hybrid nanocomposite 
materials and manipulation of one or more of the 
properties of the components are made possible 
by the molecular combination of two drastically 
different components. PANI can adopt the shape 
of hollow spheres, nanorods, nanowires, 
nanofibers, or nanoparticles. PANI-metal oxide-
based nanocomposites have been developed 
using several methods with metal oxides [5]. In 
situ chemical oxidative polymerization and In-
situ electropolymerization were the two methods 
used to prepare the majority of PANI-metal oxide-
based nanocomposites. PANI-metal oxide-
based nanocomposites turned out to be 
prepared by several techniques, including 
interfacial polymerization, solution mixing, self-
assembly approach, Pickering emulsion 
polymerization, mechanical mixing method, and 
so on [6]. Owing to their numerous promising 
technological uses, conducting polymers such 
as polypyrrole, polyaniline, poly-o-toluidine and 
polythiophene, consisting of conjugated 
electronic structures, have recently ignited 
widespread fascination and novel. antibacterial 
activity properties have been found in specific 
conducting polymers, such as polyaniline and its 
derivatives. [7]. PANI's unique combination of 
optical, electronic, and magnetic properties 
which can be tailored to obtain metallic or 
insulating properties based on its oxidation state 
and degree of protonation and its typical polymer 
properties exibility and processability make it a 
beautiful material; the easy and reversible acid-
base doping-dedoping chemistry of PANI, in 
contrast to conjugated polymers, confers 
significant technical value and allows for control 
over physico-chemical properties including 
electrical conductivity and optical activity [8]. 
Nanoparticles and certain nanostructured 
materials, or templates, are the two main 

categories of inorganic materials employed for 
this purpose. Additionally, nanocomposites are 
divided into two groups based on how the natural 
and artificial components associate with one 
another: inorganic particles implanted in the 
natural framework and organic polymers 
confined within the inorganic template. [9]. 

2. Experimental  

2.1 Materials 

The main reagents used for the 
synthesis of the materials were aniline 
(C6H5NH2) (molecular weight 93.13 g mol-1, 
density 1.02 kg) from Merck Ltd. and- nickel 
oxide nanoparticles, <50nm (98% purity) 
from Sigma Aldrich. All other chemicals and 
reagents, sulfuric acid (H2SO4) (molecular 
weight 98.08 g mol-1, density 1.84 kg), 
Ammonium Peroxodisulfate ((NH4)2S2O8) 
(molecular weight 228.20 g mol-1), Acetone 
(C3H6O), Ammonium hydroxide (NH4OH) 
were purchased from Merck Ltd. In addition, 
demineralized water from Nice was used in 
this study.  

2.2 Synthesis of polyaniline & Preparation 
of polyaniline-NiO nanocomposites  

Polyaniline was synthesized using a 
chemical oxidative polymerization method. 
Before use, the aniline monomer was 
purified by distillation at low pressure and 
refrigerated. The dopant, H2SO4, was 
dissolved in approximately 250 ml of 
demineralized water and thoroughly mixed 
in a round-bottom flask. The suspension 
solution was agitated for ten minutes 
following the addition of the aniline 
monomer. A dark black solution was 
obtained by adding ammonium 
peroxydisulfate (NH4)2S2O8 dropwise slowly 
as an oxidant after 30 min. This process 
ensures a good degree of polymerization. 
The final mixture was kept in an ice-water 
bath for vigorous stirring for an additional 
reaction time of 24 h and allowed to proceed 
at (0–5 ºC) temperature. The spinning speed 
is maintained at 700 rpm. The precipitate 
was then rinsed with ethanol, acetone, and 
ultra-pure water and dried for 24 hours at 
80°C. For the making of Polyaniline-nickel 
oxide (PANI-NiO) nanocomposites by used 
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mechanical mixing method, they were made 
with varying weight percentages of NiO-
25%, 50%, and 100% in relation to 
polyaniline.  For the formation of PANI-NiO 
(25%) nanocomposites, the molar ratio of 
the polymer (PANI) to NiO was 1:0.25. 
Likewise, nanosamples with varying weight 
percentages of NiO, such as PANI-NiO (50%) 
and PANI-NiO (100%), were blended at ratio 
of 1:0.50 and 1:1, respectively. 

3. Results and Discussion 

3.1 FTIR analysis 

The main chain composition of the 
nanocomposites at a low temperature is 
shown in Figure.1, and the FTIR spectra of 
the pure PANI and PANI-NiO 
nanocomposites, and the key distinctive 
peaks are listed in Table.1. The N-H 
stretching vibration of the PANI-NiO 
nanocomposites was measured at 3417 cm-

1[10]. The second and third stretching 
vibrations of the nanocomposites were 
ascribed to the C=C (benzenoid) and 
quinoid) vibrations, respectively, at 1590 and 
1502 cm-1. The PANI-NiO nanocomposite 
(100%) exhibited a C=C (quinoid) and C=C 
(benzenoid) vibrations at 1586 and 1497 cm-

1, respectively. In the wavenumber area, 
there were some fluctuating variations in the 
quinoid and benzenoid vibrations in the 
nanocomposite samples. As the peak 
intensity of the benzenoid vibration 
increased, the peak intensity of the quinoid 
stretching vibration decreased. [11]. PANI-
NiO (50,100%) nanocomposite FTIR spectra 
(Fig.1b, 1c) display two prominent bands: 
1390cm-1, 1399cm-1 (C-N stretching (Q=N-
B)) and 1307cm-1, 1310cm-1 (C-N stretching 
of secondary aromatic amine). With an 
increase in the dopant concentration of NiO 
nPs, the peak intensities of C-N stretching 
(Q=N-B) and C-N stretching of secondary 
aromatic amines increased [12]. The C-H in-
plane bending mode vibration of the PANI-
NiO (50,100%) nanocomposites is assigned 
at 1129, 1120 cm-1; Fig1.b and 1c [13] 
illustrate this bending vibration peak 

intensity, which is clearly increased. 
Similarly, the nanocomposites samples out-
of-plane bending vibration of the 
nanocomposite samples is attributed to 836 
and 832 cm-1, and its peak strength 
increased when the NiO concentration 
increased [14]. The presence of metal-oxide 
bonds in the nanocomposite may be 
indicated by the formation of tiny bands next 
to ~800-500 cm-1. Ultimately, the low 
wavenumber side of the Ni-O-Ni stretching 
vibration is was 615 and 614 cm-1 for the 50% 
and 100% nanocomposites, respectively. 
When NiO nPs were introduced into the 
polymer chain, the peak intensity and 
breadth increased, clearly showing that the 
PANI chain molecules remained remarkably 
intact. [15]. 

Fig.1 FTIR spectra of pure PANI (a) and PANI-
NiO (50, 100%) nCs (b) and (c) 

Owing to the metal oxide addition, many of 
the bands in the PANI sample are actually 
red-shifted when compared to the 
nanocomposite [16,17]. The PANI-NiO 
nanocomposite's spectrum resembled that 
of pure PANI, but all of the PANI-NiO's 
prominent peaks moved to lower 
wavenumbers, indicating that PANI and 
NiOnPs interact. The characteristic bands of 
the PANI-NiO nanocomposites In particular, 
the absence of any new band in the FTIR 
indicates that the PANI and NiO 
nanocomposites are not undergoing any 
chemical reactions. [18].  
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3.2 UV-Vis Analysis 

The UV-visible spectra of PANIs and 
PANI-NiO nanocomposites exhibited two 
absorption maxima in the DMSO solution. The 
UV-visible spectrum of the pure PANI base had 
two bands at: 328 and 627 nm. The π-π* 
electronic transition is due to the band at 328 
nm, and its position closely matches that of the 
typical PANI emeraldine base [19]. The quantity 
of aniline units affected this band. At  a 
wavelength of 627 nm, the "exciton" band is 
believed to be the consequence of a charge 
transfer from the lowest unoccupied energy 
level, which is centered on the quinonoid ring, to 
the highest occupied energy level, which is 
centered on the benzenoid ring. The exciton 
band, which was measured at 627 nm for the 
"standard" emeraldine base, ascertained the 
oxidation state of PANI [20].  The UV-visible 
spectra of the PANI-NiO (50%) and PANI-NiO 
(100%) nanocomposites showed two absorption 
maxima that blue-shifted when the Ni 

concentration in the nanocomposites increased 
from 323 and 622 nm for PANI-NiO (50%) to 321 
and 618 nm for PANI-NiO (100%). The blue colour 
of the solutions of PANI-NiO (50,100%) and pure 
PANI in DMSO solution indicates that PANI was 
partially oxidized in the two nanocomposites. 
The oxidation state of PANI-NiO (50%) is 
extremely similar to that of pure PANI, that is, the 
emeraldine base state [21]. This finding suggests 
that polyaniline and nanocrystalline NiO strongly 
interact. UV-visible absorption measurements 
provide a practical and efficient way to examine 
a few key aspects of semiconductor material 
band structures. The n-type absorption 
coefficients of NiO and p-type absorption 
coefficients of PANI in the PANI-NiO 
nanocomposites were examined to determine 
the optical band-gap energies using classical 
Tauc equation method [22]. It is well known that 
the following expression, which applies to a wide 
range of semiconductors, provides the 
dependence of the absorption coefficient, α, for 

Table.1 FTIR wavenumber region and parameters of pure PANI and PANI-NiO nCs 

Peak 
No 

Vibrations Parameters Pure PANI 
PANI-NiO 

(50%) 
PANI-NiO 

(100%) 

1 N-H 
Stretching 

Wavenumber (cm-1) 3417  3417 3417 

Transmittance (%) 53.66 39.65 42.74 

2 

C=C 
Stretching 
Vibration 
(Quinoid) 

Wavenumber (cm-1) 1586 1590 1586 

Transmittance (%) 34.05 17.07 19.11 

3 

C=C 
Stretching 
Vibration 
(Benzoid) 

Wavenumber (cm-1) 1499 1502 1497 

Transmittance (%) 54.38 34.17 31.47 

4 
C−N 

Stretching 
(Q=N−B)) 

Wavenumber (cm-1) 1399 1390 1399 

Transmittance (%) 41.48 26.22 29.12 

5 

C−N 
(secondary 

aromatic 
amine) 

Wavenumber (cm-1) 1316 1307 1310 

Transmittance (%) 61.90 42.87 44.88 

6 
C-H in-plane 

bending 
mode 

Wavenumber (cm-1) 1123 1129 1120 

Transmittance (%) 61.00 31.71 40.67 

7 
C-H out plane 

bending 
mode 

Wavenumber (cm-1) 817 836 832 

Transmittance (%) 77.74 69.03 60.28 

2 
Ni-O-Ni 

stretching 
vibration 

Wavenumber (cm-1) - 615 614 

Transmittance (%) 70.64 83.69 38.24 
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the high frequency region on the photon energy, 
Ep, for optically driven transitions.  

αEp= K(Ep-Eg)n 

Where K is a constant that varies 
depending on the type of transition, Ep is the 
photon energy, and Eg is the optical band gap. For 
permitted direct, forbidden direct, allowed 
indirect, and forbidden indirect transitions, the 
value of the parameter n is 1

2
, 3

2
,2, and 3, 

respectively-, which takes into consideration the 
various potential electronic transitions that may 
be responsible for light absorption [23]. The Tauc 
plots of (αEp)2 against Ep for the PANI and PANI-
NiO nanocomposites are shown in Fig.3. The 
optimal match between (αEp)2 and Ep for both 
materials was found at n = 1/2, indicating 
permitted direct transitions between the energy 
band-gaps of PANI-NiO nanocomposites and 
pure PANI [24]. The optical band-gap energy can 
be computed using the extrapolated value of Ep 
at α=0, which is the straight line to the x axis; the 
value for pure PANI (Fig. 3a) is Eg=3.284 eV. The 
values for PANI-NiO (50,100%) nanocomposite 
(Fig. 3b, 3c) reveal a definite dual band-gap 
character with Eg=3.2eV and 3.3 eV, respectively 
[25]. The band gap of pure PANI is nearly the 
same as that of the PANI-NiO (50,100%) 
nanocomposite, indicating that intercalated 
PANI has no discernible impact on PANI's optical 
band-gap energy of PANI. The absorption peaks 
of the PANI-NiO nanocomposite blue shifted to 
shorter wavelengths and resembled those of 
PANI [26]. 

Fig.2 UV-Vis spectra of pure PANI (a) and 
PANI-NiO (50, 100%) nCs (b) and (c) 

 

  

This implies that PANI chains and NiO 
nanoparticles may interact in some way, which 
could affect the antibacterial properties of the 
PANI-NiO nanocomposite [27]. NiO nanoparticle 
surface modification may allow the wavelength 
of the response light to change from ultraviolet to 
visible light [28]. When it comes to creating PANI-
based conductive nanocomposites, the PANI-
NiO nanocomposite is more appropriate and 
efficient because it demonstrates a good and 
adjustable suspension property when compared 
to neat PANI [29]. The band underwent a redshift 
as well as an intensity decrease; meanwhile, a 
blueshift and an intensity decrease were noted 
indicating that, following their interaction with 
the metal ions [30]. 

Table.2UV-Vis wavelength and absorption regions of pure PANI and PANI-NiO nCs 

Peak 
No 

Parameters Pure PANI PANI-NiO (50%) PANI-NiO 
(100%) 

1 
Wavelength  328 323 321 

Absorption 0.67 1.09 2.21 

2 
Wavelength  627 622 618 

Absorption 0.55 1.00 2.01 
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Fig.3 Tauc Plot of pure PANI (a) and PANI-
NiO(50,100%) nCs (b) and (c 

3.3 XRD analysis 

Using powder X-ray diffraction (XRD) 
measurements, the structures of the pure PANI 
and PANI-NiO nanocomposites and the 
incorporation of NiO NPs into the PANI moiety 
were examined. The XRD patterns of the PANI-
NiOnanocomposites and pure PANI with varying 
nanoparticle loading are shown in Fig. 4.The XRD 
patterns of the pure PANI are shown in Fig. 4a. 
Pure PANI exhibited broad bands centered at 2θ 
= 20.40˚. These bands are attributed to a 
periodicity perpendicular and parallel to the PANI 
chains, suggesting that the polymer was created 
with a low degree of crystallinity [31,32]. A 
prominent broad peak at 2θ =20.40˚ is visible in 
the spectra of pure PANI (Fig.4, Pattern a), 
implying that the produced PANI has a 
semicrystalline structure. 

d= 𝑛×𝜆

2 𝑆𝑖𝑛𝜃
 

where θ is the angle between the 
incident ray and the scattering planes, Cu Kα 
radiation source wavelength is denoted by λ,(λ = 
1.5406 Å), and n is an integer determined by the 
order given [33]. Using the -Debye-Scherrer 
equation, the full width at half-maximum 
(FWHM) at the main peak is typically used to 
estimate the average grain size. 

L = 𝐾𝜆

𝛽𝐶𝑜𝑠𝜃
 

where θ is the angle at maximum intensity is 
denoted by θ, β is the complete width in radians 
at half maximum is denoted by β, K is a constant 
at 0.9 , and λ is the radiation wavelength is 
denoted by λ at 1.5148 [34]. PANI-NiO (50%) 
nanocomposite sample has some sharp peaks 
centered at 2θ=37.24˚ (d=2.24 Å), 43.33˚ 

(d=2.08 Å), 62.86˚ (d=1.47), 75.32˚ (d=1.26), and 
79.35˚ (d=1.20) which correspond to the Ni 
planes (111), (200), (220), (311), and (222), 
respectively. As the nanocomposite was formed, 
some crystallinity appeared in the polymer 
matrix, as evidenced by the planes' average 
crystalline size of 7.12 nm.Although, in the 
instance of the PANI-NiO (100%) 
nanocomposite, in addition to the broad peak at 
20.4˚ confirming the polymer chain's existence 
combined with Ni nanoparticles, peaks at 2θ 
values of 37.35˚ (d=2.40 Å), 43.41˚ (d=2.08 Å), 
62.93˚ (d=1.47 Å), 75.48˚ (d=1.25 Å), and 79.42˚ 
(d=1.20 Å) were observed. These degrees 
correspond to the (111), (200), (220), (311), and 
(222) planes of Ni, respectively. 6.40 nm is the 
typical crystalline size of PANI-NiO (100%). 
According to XRD, the mean crystalline size of 
the PANI-NiO nanocomposites ranged from 50% 
to 100% and decreased as the NiO nanoparticle 
concentration rose [34]. The peaks widened as 
the concentration of Ni sources changed, 
indicating a change in crystallite size. Table.3 
shows the tabulated crystalline characteristics 
of the  PANI-NiO nanocomposites. Because PANI 
is amorphous, no diffraction peaks were 
observed. Apart from the broad amorphous peak 
of PANI, distinctive peaks of NiO nanoparticles 
are apparent in the XRD patterns of the PANI-NiO 
nanocomposites, indicating that PANI does not 
change the crystal structure of NiO 
nanoparticles [35]., the reinforcing substance of 
NiO nanoparticles and the organic-polymer 
matrix material of PANI were physically 
combined [36]. The ntensity of the  PANI peaks' 
increased with increasing NiO concentration, 
suggesting that the inclusion of NiO 
nanoparticles prevented crystallization of the 
PANI chains. This implies that PANI and NiO 
particles in the nanocomposites may interact in 
some way. It was proposed that there is no 
chemical interaction between PANI and NiO 
because the FTIR, UV, or XRD spectra of the PANI-
NiO nanocomposites do not show the creation of 
a new peak. 
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Fig.4 XRD Pattern of pure PANI (a) and PANI-NiO(50%, 100%) nCs (b) and  (c) 
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3.4 SEM & EDAX analysis 

The morphological alterations that 
resulted from the interaction of inorganic 
nanoparticles with the organic polymer matrix 
are shown in the scanning electron microscopy 
(SEM) images of the pure PANI and PANI-NiO 
nanocomposites. The absence of impurity 
phases is indicated by the binding pattern and 
consistent surface morphology, as observed in 
the nanocomposite's SEM image of the 
nanocomposite. Pure PANI and PANI-NiO 
nanocomposites with different NiO 
concentrations were analyzed for surface 
appearance and structure using SEM. The results 
are shown in Fig.5. The spherical PANI produced 
without NiO exhibited uneven stacking. The 
produced PANI-NiO nanocomposites were 
completely different from pure irregular spheres. 
PANI nanoparticles uniformly distributed on Ni 
nanoparticles were clearly visible in the SEM 
images of the PANI-NiO nanocomposite with 
various concentrations of NiO for the two 
nanocomposites [37].Furthermore, several 
spherical PANI agglomerates were observed on 
the surface of the NiO. The concentration of NiO 
nanoparticles influenced the morphology of the 
PANI-NiO nanocomposites. Non-agglomerated, 
evenly packed PANI was formed on the face of 
the Ni nanoparticles. From the PANI-NiO 
nanocomposite, it is evident that the Ni 
nanoparticles were evenly distributed and fully 
integrated into the amorphous PANI matrix, and 
the amount of Ni nanoparticles in the final PANI-

NiO nanocomposite might regulate its shape and 
structure. Ni nanoparticles were implanted in an 
amorphous polymer matrix with no features 
when the Ni concentration was low [38]. EDAX 
was used to identify the elemental 
characteristics of the nanocomposites, for 
various Ni source concentration, as shown in 
Fig.6. The presence of C, O, S, and Ni in the 
nanocomposite indicates the presence of NiO 
and PANI. A summary of these findings for the 
elemental composition of the PANI-NiO 
nanocomposites is shown in Table.4. The EDAX 
method for analyzing the sample composition 
revealed that the spectrum of characteristic X-ray 
radiation arising from the interaction of an electron 
probe with the sample surface contains peaks 
representing chemical elements that contribute to the 
formation of PANI-NiO nanocomposites ( C, O, S and 
Ni) and pure PANI (only C, O, and S). 

 

Fig.6 EDAX Spectrum of pure PANI (a), PANI-NiO (50, 
100%) (b,c) nCs 
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The components concentration are that 
make up the nanocomposite, which was made 
via a mechanical mixing process. With a certain 
degree of precision, judgments regarding the 
molecular makeup of the sample can be drawn 
from the study of this table [39]. 

3.5 TGA & DSC analysis 

TGA was employed to examine the material 
stability at high temperatures, and Fig.7 
compares the mass losses that occurred from 
heating pure PANI and the PANI-NiO 
nanocomposites in a nitrogen environment. An 
unstable mass drop was observed in the pure 
PANI (Fig.7a) at temperatures between 75˚C -
150˚C, 250˚C -300˚C, and above 500 ˚C; water 
molecules were ejected from the polymer 
structure at low temperatures,and either the 
breakdown of the polyaniline chain skeleton 
after the dopant was removed from the polymer 
structure or the release of an acid dopant bound 
to the polyaniline chain could be the cause of the 
decreased weight at higher temperatures[40]. 
However, in the case of the PANI-NiO 
nanocomposites (Fig.7b and c), a gradual mass 
drop was observed at 450 ˚C. However, at 
temperatures lower than 450 ˚C, however, there 
was a sudden change in mass. The total residual 
mass losses up to 600 ̊ C for pure PANI and PANI-
NiO nanocomposites of 50% and 100%, 
respectively, were approximately 35.81, 49.84, 
and 54.65% are respectively, and the data show 
that the capping of nickel nanoparticles within 
the PANI matrix confirms the improved trend of 
the degradation curve for PANI-NiO 
nanocomposites [41]. The increased heat 
resistance in the PANI-NiO polymer 
nanocomposites is due to the strong interactions 
between the metal oxide nanoparticles and the 
polymer matrix. The initial estimation of particle 
loading based on the initial weights of the 
polymers and nanoparticles was significantly 
smaller than that of the polymer 
nanocomposites [42]. The incomplete 
conversion of the PANI is the cause of this.The 
slight variance in residue between the polymer 

nanocomposites is attributed to the chemical 
impact left by the metal oxide nanoparticles on 
the processing of the nanocomposites. 

Fig.7 TGA spectrum of pure PANI (a), PANI-NiO (50, 
100%) (b,c) nCs 

A greater degree of thermal stability is seen following 
polymer development over NiO [43]. Decomposition 
of polymer nanocomposites typically results in a two-
step weight loss. The first stage may indicate the loss 
of a polymer's side chain, while the second step can 
indicate the polymer's backbone burning.Additional 
details regarding the thermal characteristics of pure 
PANI and its PANI-NiO nanocomposites can be 
obtained using DSC measurement. Our PANI-NiO 
nanocomposite has great thermal stability, as 
demonstrated in Fig. 8 DSC findings, and it is 
appropriate to be employed in medical applications 
[44]. Conversely, the meting temperature of PANI in the 
polymer nanocomposites is significantly influenced 
by the nanoparticles.According to the XRD 
investigation [45], the addition of NiO to PANI causes 
its crystalline structure to become less pronounced, 
which results in a decreased melting temperature of 
PANI in the nanocomposites with a higher particle 
loading. The breakdown temperature of polymer 
nanocomposites containing varying weight 
percentages of NiO nanoparticles is nearly constant, 
but the thermal stability of these composites varies. 
Compared to pure PANI, the ability to endure heat of 
polymer nanocomposite materials was enhanced by 
the inclusion of NiO nanoparticles. [46]. 

Compared to pure PANI, the PANI-NiO 
nanocomposites show a lower beginning 
decomposition temperature. This is linked to the 
release of moisture and organic solvent residue 
that becomes entangled in the PANI polymer 
chains. The limited breakdown function of the 
nanocomposites and the protective effect of the 
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NiOnanoparticles are linked to the processes of 
the increased heat stability [47]. 

Fig.8 DSC spectrum of pure PANI (a), PANI-NiO (50, 
100%) (b,c) nCs 

 

 

 

 

3.6 Antibacterial activity  

The antibacterial activity of the materials was 
investigated using the powder inhibition zone, 
least inhibitory concentration, and minimal 
bactericidal concentration methods against 
Escherichia coli and Staphylococcus aureus. 
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These results unequivocally demonstrate that 
PANI-NiO nanocomposites have outstanding 
antibacterial activity against the growth of germs. 
Table 6 lists the antibacterial properties of the 
PANI-NiO nanocomposites and pure PANI. E. coli 
exhibited superior antibacterial activity 
compared to pure PANI, while PANI-NiO 
nanocomposites, at 50% and 100%, exhibited a 
wide range of antibacterial activity against S. 
aureus. Additionally, the NiO content of the PANI-
NiO nanocomposites enhanced their 
antibacterial activity. S aureus and E. coli were 
observed in the PANI-NiO nanocomposites. In 

terms of resistance to antibiotic agents, E. coli 
has a considerable advantage over other 
bacterial strains because of its distinct cell 
membrane structure. The zones of inhibition for 
each sample are presented in Table.6 for 
quantitative comparison. The bactericidal and 
bacteriostatic activities of the PANI-NiO 
nanocomposites were superior to those of pure 
PANI. Fig. 9 [48] displays images of the 
antibacterial activities of the pure PANI and 
PANI-NiO nanocomposites. 

 

Fig.9 Antibacterial activity photograph of pure PANI and PANI-NiO (50%, 100%) nCs, 
pure PANI (a) Staphylococcus aureus (b) E coli, PANI-NiO (50%) (c) Staphylococcus aureus (d) 

E coli and PANI-NiO (100%) (e) Staphylococcus aureus (f) E coli 
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4. Conclusion 

The list of innovative materials and 
nanocomposites includes conducting polymer 
nanocomposites, which are highly significant. 
Several techniques, including FTIR, UV-Vis, XRD, 
SEM, and EDAX, as well as antibacterial activity, 
are used to completely analyze the morphology 
and structure of these nanocomposites and the 
pure PANI, PANI-NiO nanocomposites. A PANI-
NiO hybrid nanocomposites material was in due 
course the NiO nanoparticles being enclosed in 
the expanding polymer chains, according to the 
molecular structure characterizations of the 
PANI-NiO nanocomposites. The findings show 
that the presence of NiOnanopaticles in the PANI 
nanocomposite dramatically altered the optical 
properties of the PANI-NiO nanocomposite, 
including absorbance, peak intensity, and band 
gap.The PANI-NiO nanocomposites' crystalline 
and cubic structure, as well as their 50% and 
100% crystalline sizes of 7.12 nm and 6.40 nm, 
respectively, were amply demonstrated by XRD 
investigations. The finding of a change in the 
lattice characteristics of NiO in the PANI-NiO 
nanocomposites is further supported by the SEM 
images, which show an interaction between the 
PANI matrix and NiO nanoparticles. The H2SO4 
doped PANI-NiO nanocomposite underwent 
morphological investigation using SEM, which 
showed the formation of a spherical surface. 
According to the TGA profiles, addition of NiO 
nanoparticles considerably increased the 
thermal stability of the PANI-NiO 
nanocomposites. In comparison to the residual 
mass of pure PANI (35.81), extended thermal 
investigation shows that the residual mass of 
these nanocomposites varies by 49.84 (50%), 
54.65 (100%). The higher residual mass of the 
nanocomposites indicates a stronger bonding 
degree between NiO and PANI as well as a higher 
thermal stability. These polymer 
nanocomposites also have the advantages of 
good surface shape and elemental composition. 
Further research will consider the synthesis of 
nanocomposites using different metal 
concentrations of NiO inside the polymer matrix 

in the mechanical mixing method of these 
experimental results to assess the possibility of 
tuning and possibly enhancing the related 
physical chemistry properties. The resulting 
nanocomposites also displayed antibacterial 
reagent behaviour and the PANI-NiO 
nanocomposite emeraldine base composition 
seems to be crucial for improving the medical 
field performance. Therefore, the PANI-NiO 
nanocomposite exhibited strong antibacterial 
activity, which is recommended for various 
therapeutic applications. Additional conducting 
PANI nanocomposites with various metal oxide 
concentrations and compositions were prepared 
this study. 
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