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Abstract 

In-situ polymerization was used to create Polyaniline (PANI)/Cobalt oxide (Co3O4) hybrid nanostructures (NSs) 
utilizing Cobalt nitrate as a metal precursor, Polyaniline as a polymerizing agent, and Aloe-Vera (A.V.) gel as an 
organic fuel. In contrast to the unadulterated segments, PANI and Co3O4nanoparticles (NPs), due to 
communication among the PANI and the Co3O4 nano particles, the electrical investigations of PANI/Co3O4 hybrid 
NCs are rather distinct. 
 
The results of the gas sensing investigations show that the constructed NCs have an excellent reaction to gas 
leaking. As the Co3O4 NPs concentration increases from 10% to 50% wt%, AC and DC conductivity in the hybrid 
NCs increases from 1 x10-5 to 5 x 10-5 (S/cm)-1 at ambient temperature. Based on the results of the measurements 
and data collected, the synthesized hybrid nanocomposites might be employed in optoelectronic device 
applications and it’s a semiconducting material. 
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Introduction 
Hybrid composites comprising polymer and 
inorganic nano oxides have been widely used in 
a variety of sectors, including soldierly gear, 
defensive sartorial, catalysis, automobiles, 
aircraft, and photosensitive strategies. It comes 
from the mixing of natural and inorganic hybrid 
materials, which gives them remarkable 
characteristics [1-2]. High mechanical character- 
Istics, fire confrontation, chemical and radiation 
confrontation, environmental constancy, water 
repellency etc, are all required for usage of these 
hybrid nanocomposites in a variety of application 
zones. Further, in polymer and inorganic oxide 
nano oxide hybrid composites the components 
and their volume percentages, geometrical 
construction, incorporations of matrix and filler 
material, superficial communications between 
the matrix and inclusions are all significant 
variables [1-4].  
 
 
 
 
 
 
 
 

The composites are made of usual foremost 
polymers such as PANI [2], and poly-thiophene 
(PTh). PANI, amongst the aforementioned 
polymers, has gotten a lot of attention because 
of its unique characteristics in comparison to 
others [5, 6]. Because of their prospective uses 
and logical interests, Inorganic oxide materials 
in the nano domain have been thoroughly 
investigated. These materials have good 
physical and chemical characteristics due to the 
influence of their size [7, 8]. NCs made up of 
PANI and Co3O4 are being studied more and 
more because their characteristics differ 
significantly from those of PANI and Co3O4 NPs, 
which can be ascribed to interfacial interactions 
between the PANI and Co3O4 NPs [9-14]. Several 
papers may be reviewed to learn more about an 
electrochemical characteristic of PANI and its 
NCs [15-19]. 
The current study focuses on dispersing Co3O4 
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nanoparticles in a Polyaniline matrix to create 
hybrid nanocomposites. The inorganic oxide 
Co3O4NPswere produced using a solution 
combustion method and then embedded in a 
Polyaniline matrix. Various characterization 
techniques were used to examine the produced 
NCs. 
 
Experimental 
All of the chemicals were purchased from 
commercial foundations and were used exactly 
as they were. 
 
2.1 Materials 
Sigma Aldrich provided analargrade chemicals 
such as cobalt nitrate hexahydrate [Co 
(NO3)26H2O], aniline [C6H5NH2], ammonium per 
sulphate [(NH4)2S2O8], hydrochloric acid [HCl; 
purity 37 percent], and acetone [CH3COCH3]. 
Fresh aloe-vera gel was extracted from the 
plant. 
 
2.2  The Polymer Synthesis 
In order to make Polyaniline, an aqueous 
solution of aniline is combined with ammonium 
per sulphate ((NH4)2S2O8). A greenish black 
precipitate was produced, which was filtered 
out and treated with acetone as a cleaning 
agent. PANI powder was formed and then dried 
for 24 hours in an air oven at around 80 °C. 
 
2.3 Bio-Mediated Synthesis of Co3O4 

nanoparticles 
Using Aloe-Vera (A.V.) gel as an organic fuel, a 
low-temperature Solution combustion method 
was used to produce Co3O4 NPs. In a ceramic 
crucible, 2.14 grammes of Cobalt nitrate 
hexahydrate was placed, and 15 ml of A.V. gel 
was put into the crucible and consistently 
mixed. The response combination was then 
placed in a pr-heated muffle furnace at a 
temperature of 400 degrees Celsius. The 
metallic nitrates and the fuel undergo a 
combustion process, resulting in micro 
powders of Co3O4. 
 
2.4. Synthesis of PANI/Co3O4 hybrid 
nanostructures 
An in-situ polymerization method was used to 
combine PANI with Co3O4NCs. To achieve 
homogeneity, 0.1 M aniline was combined with 
1M hydrochloric acid (HCl) and agitated for 15 
minutes. Cobalt oxide (Co3O4) NPs were added 
to the aforementioned mixture at the appropriate 

weight percentage to homogeneously distribute 
the Co3O4 NPs. The oxidizing agent, 0.2M 
ammonium per-sulphate, was added to the 
polymer mixture drop-by-drop with constant 
stirring and kept at ice temperature for 4 hours 
to complete polymerization. The precipitate 
was filtered before being washed in acetone and 
de-ionized water. To get an uniform mass, it 
was calcined for 24 hours at 80°C in a hot air 
oven. This method was used to make 
PANI/Co3O4NCs with different percentages of 
Co3O4 (i.e.,10, 20, 30, 40, and 50 wt percent).  
As shown in Figure.1. 
 

 
Fig.1.Schematic Flowchart of PANI/Co3O4 NCs 

 
3. Result and discussion 
3.1. PXRD analysis 
Figure.2 shows the X-ray diffraction patterns of 
PANI, Co3O4 NPs, and PANI/Co3O4(10-50mol 
percent) NCs (a). PANI nanoparticles show a 
broad diffraction peak at 24oBragg’s angle (2Ѳ) 
[16-19]. In the current matrix, doping with the 
filler Co3O4 NPs weakens the broad peak of 
PANI. In line with the standard JCPDS card No. 
73-1519 [20], the XRD patterns of Cobalt oxide 
(Co3O4) demonstrate a simple cubic structure 
with lattice parameters a = b = c = 4.1678. Using 
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established relations, the lattice parameters for 
the (200) X ray diffraction of cubic structured 
Co3O4 in PANI/Co3O4(10-50 mol percent) 
polymer NCs were determined to be a = b = c = 
4.183 Å. 
 
The PANI/Co3O4 hybrid NCs showed a significant 
increase in the lattice parameters of Co3O4.[21-
23] The adsorption of PANI atomic chains on 
the surface of Co3O4 results in a small 
extension of the fundamental building block 
(unit cell) of the crystalline Co3O4 material. The 
change in crystallite size of the most prominent 
peaks (200) planes in X-ray diffraction patterns 
of PANI/Co3O4hybrid NCs can also be ascribed 
to the presence of such interactions. Scherrer's 
formula (shown below) is used to compute the 
usual crystallite sizes of Co3O4 and 
PANI/Co3O4hybrid NCs for the (200) visible 
peaks. 
 

 
 
Where D denotes the average crystallite size 
and β is the peak's full width at half-maxima 
(FWHM). In PANI/Co3O4NCs, the crystallite 
size of Cobalt oxide (Co3O4) along the (200) 
plane increases from 22 nm to 37 nm. The fact 
that the crystallinity of Co3O4 is enlarged by the 
absorption of PANI subatomic chains on the 
surface of Co3O4 in PANI/Co3O4NCs demonstrates 
that the crystallinity of Co3O4 is expanded.  [24-
27]. 
 

 
Fig.2. PXRD patterns pure PANI and PANI/Co3O4  

Nanocomposites 
 

Co3O4 
(wt %) 

Crystallite size (nm) by Scherer’s 
method 

10 23 

20 29 

30 30 

40 33 

50 34 

Table.1. The estimated average crystallite size, 
PANI/Co3O4 (10-50 wt%) NCs. 

 
4. Electrical Conductivity 
4.1. A. C. conductivity 
The frequency-dependent AC conductivity of 
PANI/Co3O4NCs is shown in Fig.3. The 
conductivity of PANI/Co3O4NCs remains constant 
up to a frequency of 2x107 Hz, after which it 
increases at higher frequencies [21-25]. The 
maximum conductivity seen in PANI/Co3O4 (50 
wt %) samples might be related to the chain 
length, as evidenced by the IR graph. Enhanced 
charge polarization might be the cause of 
increased conductivity. 
 

 
Fig.3. AC Conductivity studies of PANI/Co3O4 NCs. 

 
4.2. DC conductivity 
Figure 4 demonstrates the assortment of dc 
conductivity as a factor of temperature for 
(Co3O4) in Polyaniline. It is watched so as to the 
assessment of dc conductivity of these 
nanocomposites increases exponentially with 
temperature. Further the shrink in conductivity 
is watched which might be credited because of 
the dispersion of (Co3O4) NPs of larger grain 
measure which are halfway blocking the 
hopping of charge carriers [17-20]. The 
temperature-dependent DC conductivity of 
PANI/Co3O4 NCs is shown in Figure 4. The 
conductivity of PANI/Co3O4 NCs remains 
constant up to 1100°C, after which it begins to 
rise at higher temperatures. The extreme 
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conductivity seen in PANI/Co3O4 (30 wt%) 
samples might be related to the chain length, as 
evidenced by the IR graph. Enhanced charge 
polarization might be the cause of amplified 
conductivity [24-28]. 
 

 
Fig.4. DC Conductivity studies of PANI/Co3O4 NCs. 
 
5. Conclusion 
In conclusion, the PANI/Co3O4 NCs were 
successfully produced using an in-situ 
polymerization method. The amorphous nature 
of pure PANI and the cubic phase of Co3O4 
nanoparticles are confirmed by PXRD patters 
and also the morphology of pure PANI and 
blends was investigated in depth with TEM 
micrographs. The AC Conductivity of PANI/Co3O4 

(50 wt %) exhibits superior electrical 
characteristics when compared to the other 
NCs. samples might be related to the chain 
length, as evidenced by the IR graph. Enhanced 
charge polarization might be the cause of 
increased conductivity.  The extreme temperature 

-dependent DC conductivity seen in PANI/Co3O4 

(50 wt %) samples might be related to the chain 
length, as evidenced by the IR graph. Enhanced 
charge polarization might be the cause of 
amplified conductivity. To summaries, the 
current PANI/Co3O4 hybrids NCs are promising 
materials for fabricating optoelectronic devices, 
according to the findings and the designed NCs 
materials belongs to the semiconductor. 
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