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Abstract:

Using  the  Sol-Gel  process  and in-situ  chemical  oxidation  polymerization,  PAZO

(polyaniline zinc oxide nanocomposite) was fabricated from zinc nitrate. PAZO is an

acronym for "Polyaniline Zinc oxide Nanocomposite." When K2S2O8 is used as an

oxidant in an acidic media, the reaction results in 0.1, 0.2, 0.3, 0.4, and 0.5 moles of

ZnO being produced at  room temperature. FTIR, XRD, SEM, and TEM analysis

were used to characterize the PANZO nanocomposites that were produced. During

the photo degradation of potassium permanganate (KMnO4) dye supply, the polymer

ZnO Nanocomposite showed superior photocatalytic activity compared to nitrogen-

doped TiO2. Nanocomposites made using PAZO exhibited both ferromagnetic and

semiconducting  properties.  For  the  first  time,  we  have  investigated  how  NiO's

presence influences PANO nanocomposites' photocatalytic capability. According to

the  data  that  was  collected,  the  Polyaniline  Zinc  Oxide  nanocomposite  that  was

developed has the potential to be used as a useful photocatalyst. 

Keywords:  Polyaniline-Zinc  Oxide,  nanocomposites,  Sol-Gel  method,  Spectroscopic

methods, and Photocatalytic activity.

1. Introduction

Inorganic semiconductors and conducting polymers may combine to provide novel and

fascinating properties that aren't found in either substance by itself [1]. A developing field is

the  creation  of  conducting  polymer  nanostructures  and nanocomposites  for  use  in  future

technologies  [2–3].  Inorganic  nanoparticles  may  be  blended  or  enclosed  in  an  innately

conducting polymer matrix to create nanocomposites, in which delocalized -electrons may

interact with inorganic nanoparticles [4]. Numerous studies on the production of polymer

nanocomposite have been reported in an attempt to develop unique, complex materials with
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improved  mechanical,  electrical,  optical,  and  catalytic  characteristics  or  to  improve  the

conduction mechanism in electronic devices. These materials are used in several electrical

and nanoelectronics devices.

After  being  doped  with  protonic  acids,  polyaniline  (PANI)  has  high  electrical

conductivity,  is  easily  synthesized,  and  is  ecologically  safe.  Highly  structured  structures

include  crystalline  or  self-assembling  structures  of  an  ideal  conducting  polymer.  A

conjugated structure is expected to exhibit metal-like electrical  conductivity.  To create an

ordered structure, additional components acting as filler for the composite are required [7–

11].  The creation  of  PANI composites  using  a  variety  of  materials  has  sparked a  lot  of

attention because of its distinctive properties and applications in a broad range of electrical

and  electronic  devices  [12,13].  In  addition  to  reports  on  the  production  of  additional

conducting composites including Fe3O4: PANI, MnO2: PANI, TiO2: PANI, and ZrO2: PANI,

ZnO: PANI composites have also been manufactured and characterized [14–16]. 

It has been the focus of many studies because of these qualities for application in a

broad range of optical and electrical devices [17–19], such as LEDs, solar cells, transducers,

photodetectors, and many more. ZnO nanocomposites, which may be created using a variety

of methods and in a broad range of sizes and forms, are particularly fascinating. Physical,

chemical,  electrochemical,  and other  methods can all  be used to  create  nanostructures  of

ZnO. Still, the sol-gel route has attracted the most attention due to how easily the form and

size of the structures can be altered by changing the growing conditions [20–25]. Since ZnO

nano-composites  are  n-type semiconductors,  a different  p-type material  is  needed to take

advantage of these ZnO characteristics in LED applications. To create a flexible device that

utilizes both materials for wide-area illumination and displays, polymers, which are mostly p-

type,  are  preferred  over  ZnO  NPs  due  to  their  affordability,  low  power  consumption,

flexibility, and simplicity of production [26 and 27].

Polyaniline zinc oxide nanocomposites have emerged as one of the most well-liked

conductive polymers due to their reversible redox, pH-switching, and sensing properties as

well as their simple manufacture [28]. However, materials in this class often have materials

with weak physical properties and thermal stability. Polyaniline Zinc Oxide nanocomposites

can only be produced via a spinning process since melt  techniques like extrusion are too

difficult to use. The PAZO has attracted the attention of researchers because of its enticing

qualities  and  the  broad  range  of  prospective  applications  [30–32].  Polymer-based

nanocomposites have found use in a variety of industries, including photocatalysis, filtration,

519
Volume IX            Issue I            MARCH 2024               www.zkginternational.com



protective textiles, and medicinal substrates [33]. One example is the PAZO nanocomposite,

successfully  produced via  the Sol-Gel  process.  To the best  of  our knowledge,  this  study

represents the first instance of in-situ reduction of aniline, N, and N-dimethyl formamide,

incorporating zinc nitrate, while the combination is being heated and magnetically agitated.

PAZO  nanocomposites  may  be  made  utilizing  a  special,  simple,  rapid,  and  affordable

approach by altering the percentage of zinc nitrate solution.

Here,  ZnO  nanocomposites  are  made  using  the  sol-gel  method.  Inorganic  filler

materials including ZnO nanoparticles were combined with a polyaniline (PANI) matrix to

generate nanocomposites, and their structural and morphological characteristics were studied.

FTIR,  SEM,  TEM,  and  XRD  were  used  to  characterize  the  generated  nanocomposites'

spectral and structural properties. It was confirmed by X-ray diffraction investigation that the

cubic structure of ZnO, with a lattice value of 4.689, exists. A crystallite's average size was

90 nm, and scanning electron microscopy supported this finding.

2. Experimental:

2.1. Materials:

Aniline (S. D. Fine-Chem. Ltd., 99.5%) was used after double distillation.  Other

chemicals such  as  Zinc  nitrate  (99%),  Potassium  persulphate,  Ethanol (99.9%),

H2SO4(98.9%), Starch, N, and N-Dimethyl formamide were bought from a local company,

Ammonia used was of AR grade. The water used in this investigation was de-ionized.

2.2. Synthesis method of PAZO nanocomposites:

Step-1(Preparation of Zinc Oxide Nanoparticles)

A 100 ml starch solution and 0.1 M zinc nitrate  solution were given a dropwise

addition of ammonia while continuously stirred. After the ammonia addition was finished

and the sample was allowed to settle overnight, the colour of the sample changed from white

to light yellow.  The sample is first collected, and then it is filtered using Whatman filter

paper. Take a sample of the ZnO nanoparticles and wash them in ethanol and deionized

water to remove any impurities. They were then dried at 650C in hot air furnaces.

Step-2(Preparation of Poly aniline Zinc Oxide Nanocomposites)

Synthesized ZnO nanoparticles undergo in-situ chemical oxidative polymerization to

create  the  PAZO  matrix.  Then,  after  heating  the  mixture  for  an  hour  while  stirring

continuously,  we added 10 ml of the previously made sonicated ZnO solution.  After two

hours  of  stirring,  we  noticed  that  the  solution  had  changed  from yellow  to  dark  green,

indicating that polymerization had taken place and the formation of PAZO nanocomposites.
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To allow the solution to completely develop, the sample was left in a dark area overnight

after it was obtained. Cleaning the sample could include using ethanol and deionized water—

the effective fabrication of polyaniline-zinc oxide nanocomposites with adjustable zinc oxide

concentration. Per mole, these values varied between 0.1 to 0.5 moles of PAZO.

3. RESULT AND DISCUSSIONS:

3.1. Scanning Electron Microscopy (SEM):

Images  of  PANI,  ZnO,  and  PAZO  nanocomposites  taken  with  a  scanning  electron

microscope are shown in Fig.1, 2, and 3, respectively. The shape of pure PANI may be seen

in Fig. 1, where it is shown as looking like uneven sheets on a micrometer scale.  In Fig.3,

the ZnO spheres are shown as being uniformly dispersed throughout the polymer matrix. In

Fig.2, a simplified representation of the process of incorporating ZnO nanoparticles into a

polymer matrix is shown. According to the results of an SEM examination, the particle size

distribution of ZnO falls somewhere between 70 and 90. The composite was photographed

using an SEM, and the resulting image indicates that the ZnO particles included inside it

have a polyaniline shell.

Fig.1. SEM image of polyaniline 
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Fig.2. SEM image of polyaniline Zinc Oxide nanocomposites

Fig. 3. SEM image of zinc oxide nanoparticles

3.2. Transmission Electron Microscopy (TEM):

TEM is then used to inspect the sample in order to determine if the Polyaniline Zinc

Oxide  nanocomposite  was  effectively  created.  During  this  study,  images  of  the  PAZO

nanocomposites are obtained. In ImageJ, the images are processed to provide a histogram of

particle diameter and a computation of the average particle size. TEM electron diffraction

may  be  used  to  identify  the  orientation  of  both  PANI  and  nano-zinc  oxide  and  its

components.

The morphological results for PANI and ZnO nanocomposites from the research as

mentioned earlier demonstrate that they are spherical and amorphous, with a size of 90 nm, as

shown in Fig. 4. Finally, we can state that decreased particle sizes were a direct effect of the

sol-gel process.

Fig. 4. TEM image of polyaniline ZnO nanocomposite
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3.3. X-Ray Diffraction (XRD): 

The usage of an X-ray diffractometer is a versatile and non-corrosive approach for

quantitatively detecting the phase of crystalline material. The unit cell dimensions and the

size of the crystalline structure are provided. The polyaniline Zinc Oxide nanocomposites are

homogenized and crushed into a fine powder after the examination. After filtering to obtain a

monochromatic picture, the average bulk composition of cathode rays from a cathode ray

tube may be calculated.

Fig.5. depicts the results of the X-ray diffractometer, which reveal the existence of

crystalline zinc oxide nanopowder. The maxima, as shown in Fig. 5, are 31.77◦, 34.44◦, and

47.60◦. Based on the evidence and peaks, the generated PAZO structure was concluded to be

the hexagonal phase of zinc oxide. The data supported this point of view. The solid Zinc

Oxide material was affected by the broadening of the XRD peak patterns. We determined the

average  crystal  size  of  the  polyaniline  Zinc  Oxide  nanocomposite  using  the  Scherrer

equation. We measured the Diffraction peak widths to within full width at half the maximum

(FWHM) to do this.     

Fig.5. X-ray Diffraction graph of Nano-Zinc Oxide particles
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3.4. Fourier Transform Infrared Spectroscopy (FTIR): 

Fourier transform infrared spectroscopy (FTIR) was used to identify the FTIR peaks

for polymer-based polyaniline zinc oxide nanocomposites and their values in  Table 1. The

presence of polyaniline in the PAZO nanocomposite,  which was recovered after  multiple

extractions with DMF, Fig.5.  can be explained by the FTIR peaks at 2975 cm-1, 2923 cm-1,

and 2852 cm-1, which matched and matched an FTIR spectrum of pure ZnO nanoparticles, the

peak at  618.38 cm-1,  which  was the  characteristic  absorption  of  the Zn-O bond,  and the

broadband peak at 3434.96 cm-1.

Fig.5. FTIR-Spectra of Polymer-based Polyaniline Zinc Oxide (PAZO) nanocomposites.

Table-1. FTIR absorption characteristics of PAZO nanocomposites:

PAN PANO 

Nanocomposite in cm-1

Assignments

2939 2975 C-H Stretching vibration

2245 2923 C=N Stretching vibration

1454 2852 C-H bending vibration

618.38 ZnO peak

3.5. Photocatalytic Activity of Polyaniline Zinc Oxide Nanocomposites:

It was found that PAZO nanocomposites may be made with strong photocatalytic activity by

photo-degrading  a  0.2  M  dye  concentration  using  potassium  permanganate  as  the  light

source. A common chemical that is simple and inexpensive to make in labs is potassium
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permanganate.  The  potassium  permanganate  was  poured  onto  a  Petri  dish  before  being

dissolved  in  the  distilled  water.  These  two  operations  were  followed  by  discarding  the

potassium permanganate.  You should get  the following outcomes  after  producing several

samples of PAZO nanocomposite  at  various concentrations,  adding them to a solution of

(KMnO4), and then exposing each sample to UV light sources: Fig.6. depicts the relationship

between KMnO4 absorbance and UV exposure. This association gets increasingly obvious as

the  minutes  pass  10-minute  intervals  for  up  to  1.5  hours.  The  sample's  absorbance  was

assessed upon annealing in PAZO nanocomposites at 6500C.  Fig.6. demonstrates how the

regularity and integrity of the PAZO nanocomposite structure have a significant impact on

the  pace  at  which  photodegradation  takes  place.  The  polymer  nanocomposite  catalyst

produced  fewer  photo-generated  electron-hole  pairs  on  its  surface  because  of  its  poor

crystallinity and uneven crystal structure.
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Fig. 6. Image of photocatalysis with respective time (Min)

Table-2. Values obtained from experiments about the use of PAZO nanocomposites

in  

                Photocatalysis
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S.No Time in (Min) Con. 0.1 M Con. 0.2 M Con. 0.3 M Con. 0.4 M

1. 10 0.1 0.09 0.08 0.09

2. 20 0.2 0.19 0.2 0.4

3. 30 0.26 0.3 0.35 0.5

4. 40 0.28 0.37 0.46 0.59

5. 50 0.36 0.39 0.6 0.68

6. 60 0.38 0.49 0.75 0.82

7. 70 0.4 0.59 0.79 0.87

8. 80 0.42 0.7 0.86 1

9. 90 0.44 0.7 0.94 1.1

10. 100 0.54 0.8 1.2 1.3

11. 120 0.59 0.79 1.1 1.2

Conclusion:
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One of the many possible ways that may be taken to attain the appropriate degree of

uniformity is dictated by the type and qualities of the particles employed in the creation of

polymer nanocomposites. The current work showed that polymer nanocomposite materials

based on ZnO nanocomposites may be synthesized by the Sol-Gel technique. A variety of

unique tactics were put together in conjunction to achieve this objective. This study was able

to establish that the morphology and topology of PAZO nanocomposites in the 70-90 nm size

range are the most crucial factors using TEM and TEM. Scientists were able to demonstrate

that nanocomposites crystallize into the monoclinic space group C2/c using X-ray diffraction.

FTIR was utilized to confirm that the chemical grafting of the PAZO nanocomposite to the

polymer  had been effective.  The development  of technology has  made this  feasible.  The

photocatalytic activity data show that 0.4 M PAZO nanocomposites can absorb light for 10

minutes. Additionally, photocatalytic activity was shown, making it a prime candidate for

incorporation into a semiconducting device. This finding was obtained using ultraviolet light,

which encouraged the creation of oxygen radicals.
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	1. Introduction
	Inorganic semiconductors and conducting polymers may combine to provide novel and fascinating properties that aren't found in either substance by itself [1]. A developing field is the creation of conducting polymer nanostructures and nanocomposites for use in future technologies [2–3]. Inorganic nanoparticles may be blended or enclosed in an innately conducting polymer matrix to create nanocomposites, in which delocalized -electrons may interact with inorganic nanoparticles [4]. Numerous studies on the production of polymer nanocomposite have been reported in an attempt to develop unique, complex materials with improved mechanical, electrical, optical, and catalytic characteristics or to improve the conduction mechanism in electronic devices. These materials are used in several electrical and nanoelectronics devices.
	After being doped with protonic acids, polyaniline (PANI) has high electrical conductivity, is easily synthesized, and is ecologically safe. Highly structured structures include crystalline or self-assembling structures of an ideal conducting polymer. A conjugated structure is expected to exhibit metal-like electrical conductivity. To create an ordered structure, additional components acting as filler for the composite are required [7–11]. The creation of PANI composites using a variety of materials has sparked a lot of attention because of its distinctive properties and applications in a broad range of electrical and electronic devices [12,13]. In addition to reports on the production of additional conducting composites including Fe3O4: PANI, MnO2: PANI, TiO2: PANI, and ZrO2: PANI, ZnO: PANI composites have also been manufactured and characterized [14–16].
	It has been the focus of many studies because of these qualities for application in a broad range of optical and electrical devices [17–19], such as LEDs, solar cells, transducers, photodetectors, and many more. ZnO nanocomposites, which may be created using a variety of methods and in a broad range of sizes and forms, are particularly fascinating. Physical, chemical, electrochemical, and other methods can all be used to create nanostructures of ZnO. Still, the sol-gel route has attracted the most attention due to how easily the form and size of the structures can be altered by changing the growing conditions [20–25]. Since ZnO nano-composites are n-type semiconductors, a different p-type material is needed to take advantage of these ZnO characteristics in LED applications. To create a flexible device that utilizes both materials for wide-area illumination and displays, polymers, which are mostly p-type, are preferred over ZnO NPs due to their affordability, low power consumption, flexibility, and simplicity of production [26 and 27].
	Polyaniline zinc oxide nanocomposites have emerged as one of the most well-liked conductive polymers due to their reversible redox, pH-switching, and sensing properties as well as their simple manufacture [28]. However, materials in this class often have materials with weak physical properties and thermal stability. Polyaniline Zinc Oxide nanocomposites can only be produced via a spinning process since melt techniques like extrusion are too difficult to use. The PAZO has attracted the attention of researchers because of its enticing qualities and the broad range of prospective applications [30–32]. Polymer-based nanocomposites have found use in a variety of industries, including photocatalysis, filtration, protective textiles, and medicinal substrates [33]. One example is the PAZO nanocomposite, successfully produced via the Sol-Gel process. To the best of our knowledge, this study represents the first instance of in-situ reduction of aniline, N, and N-dimethyl formamide, incorporating zinc nitrate, while the combination is being heated and magnetically agitated. PAZO nanocomposites may be made utilizing a special, simple, rapid, and affordable approach by altering the percentage of zinc nitrate solution.
	Here, ZnO nanocomposites are made using the sol-gel method. Inorganic filler materials including ZnO nanoparticles were combined with a polyaniline (PANI) matrix to generate nanocomposites, and their structural and morphological characteristics were studied. FTIR, SEM, TEM, and XRD were used to characterize the generated nanocomposites' spectral and structural properties. It was confirmed by X-ray diffraction investigation that the cubic structure of ZnO, with a lattice value of 4.689, exists. A crystallite's average size was 90 nm, and scanning electron microscopy supported this finding.
	Synthesized ZnO nanoparticles undergo in-situ chemical oxidative polymerization to create the PAZO matrix. Then, after heating the mixture for an hour while stirring continuously, we added 10 ml of the previously made sonicated ZnO solution. After two hours of stirring, we noticed that the solution had changed from yellow to dark green, indicating that polymerization had taken place and the formation of PAZO nanocomposites. To allow the solution to completely develop, the sample was left in a dark area overnight after it was obtained. Cleaning the sample could include using ethanol and deionized water—the effective fabrication of polyaniline-zinc oxide nanocomposites with adjustable zinc oxide concentration. Per mole, these values varied between 0.1 to 0.5 moles of PAZO.
	3.5. Photocatalytic Activity of Polyaniline Zinc Oxide Nanocomposites:

	Conclusion:
	One of the many possible ways that may be taken to attain the appropriate degree of uniformity is dictated by the type and qualities of the particles employed in the creation of polymer nanocomposites. The current work showed that polymer nanocomposite materials based on ZnO nanocomposites may be synthesized by the Sol-Gel technique. A variety of unique tactics were put together in conjunction to achieve this objective. This study was able to establish that the morphology and topology of PAZO nanocomposites in the 70-90 nm size range are the most crucial factors using TEM and TEM. Scientists were able to demonstrate that nanocomposites crystallize into the monoclinic space group C2/c using X-ray diffraction. FTIR was utilized to confirm that the chemical grafting of the PAZO nanocomposite to the polymer had been effective. The development of technology has made this feasible. The photocatalytic activity data show that 0.4 M PAZO nanocomposites can absorb light for 10 minutes. Additionally, photocatalytic activity was shown, making it a prime candidate for incorporation into a semiconducting device. This finding was obtained using ultraviolet light, which encouraged the creation of oxygen radicals.


