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A B S T R A C T   

The Polypyrrole is properly synthesized with the customary ammonium persulphate as an 
oxidizing agent. The number of reactions for versatile molar ratios (oxidant: monomer) is 
addressed and pronounced. Powder X-ray diffraction (XRD) analysis revealed the material 
amorphous nature by wide peak from 20◦ to 30◦. As the molar ratio is changed, the Fourier 
Transform Infra Red (FTIR) spectrum shows the substantiation of functional groups and peaks are 
shifted for each specimen slightly. UV–visible spectral study shows a major peak at 320 nm, for 
typical π-π* transitions. Scanning Electron Microscopic (SEM) study confirmed the agglomerated 
polypyrrole sample for the surface morphological periphery. It is enabled for electronic filter 
influx property with versatile macro scale in microns as 3.7874, Polypyrrole is tried for electronic 
filters as the influx in microns of different scales. Hardness profile for RISE effectiveness and in 
the biomedical sector as a better anti-diabetic agent by IC-50 values. The hardness value for 
Vicker’s scale of 100 g is 97.9 kg/mm2.   

1. Introduction 

Intrinsic conducting polymers have been of better scope for researchers in recent years for the reason owing to their determinant 
properties. Among all types of conducting polymers, Polypyrrole (PPy), in particular, has remarkable environmental flexibility and 
surpassing conductivity in the doping process [1]. Composite polymers behave as insulators in their intrinsic state but act as semi-
conductors after redox reactions. The oxidized state exhibits distinct optical, electrical, and thermo-electric properties, which serve as 
the foundation for various applications in the industrial way and medicinal sectors [2–4]. These properties can be made to order by 
controlling the reaction condition properly and with the oxidant/monomer ratio too. Because of the exceptional capabilities of con-
ducting polymers, particularly PPy, they have been employed for oxidation coating of organic and inorganic materials as well as in 
electrochemical sensors [5,6]. Because of its good conductivity following oxidative polymerization, PPy has been utilized as a 
biosensor in the biomedical field and present study focusing on the work against diabetic ailment [7–9]. 

Numerous composites including PPy are in many assorted applications related to energy storage and production, including 
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batteries, solar cells, super-capacitors, home appliances, automobiles, fuel cells, biomedical equipment, and surgical appliances, 
material and nanomaterial-based polymers and their composites are being studied as specified as the literature based citation [3,5]. 
The successful advancements made in the use of biocompatible and biologically relevant co-polymers and dendrimers for the treatment 
of cancer, including their use as a medium for effective anticancer medications [8,9]. Furthermore, they are significant due to their 
roles as gas sensors [10–12] and pH sensors [13]. Conducting polymers has been demonstrated as a supercapacitor in energy storage 
applications [14,15]. Conducting PPy has been employed for metal anti-corrosion treatment, medication deliverance systems, anti-
cancer drugs and toxic gas sensors [16–21]. In the present study, pyrrole is oxidized using APS for assorted oxidant-to-monomer ratios 
(MR 0.5 to 3). The confirmation of the synthesized material is done using characterization techniques such as FTIR, XRD, UV–Vis and 
SEM. 

The Ag-loaded PPy micro-capsules have shown promising medical applications such as computed tomography and gamma imaging 
[22]. Se@PPy nanocomposites have the potential to be an effective theranostic agent (bio-marker-based shared work) for tumor PAI 
and PTT mediated by near-infrared light [23]. The incorporation of PPy within the PCL/chitosan matrix was discovered to have a 
positive influence on the overall properties of the nanofibrous structure, making them suitable for biomedical applications [24]. In the 
NIR window, PPy nanosheets have shown good biocompatibility as well as significant tumor ablation power [25]. 

In this communication, the interpretation is the influence of oxidant on the morphological properties of PPy as well mechano- 
electronic, against diabetes and further can be proceeded for cancer treatment, especially the MCF-7 cells for breast cancer and is 
in the pipeline. Conducting polymers have received a great deal of attention due to their superior properties, which include, optical and 
high mechanical properties, tunable electrical properties, ease of synthesis and fabrication, high environmental stability over con-
ventional inorganic materials. Because of its ease of preparation and surface modification, PPy has been used in biomedical appli-
cations as conducting polymers. However, to effectively use PPy as a bio-material implant, it is necessary to understand and control the 
polymer’s electrical properties, physical topography, and surface chemistry. The conductive property of polypyrrole makes it useful in 
the medicinal field. 

2. Experimental 

2.1. Materials 

The monomer pyrrole was purchased from Spectrochem Pvt. Ltd. In Mumbai. Before the initiation of the reaction, the double- 
distilled pyrrole was kept at 4 ◦C. AR grade Ammonium persulphate (APS) was purchased from Sigma-Aldrich Chemicals Pvt. Ltd. 
(Mumbai), and it was used as an oxidizing agent. All of the solutions and reactions were carried out in the deionized water. 

2.2. Preparation of PPy powder 

PPy was synthesized using an oxidative polymerization technique. Before the commencement of the polymerization procedure, 1 M 
pyrrole was produced and stirred constantly in an ice bath for around 30 min. A solution of 1 M ammonium persulfate was prepared 
and precooled. In the pyrrole solution, precooled ammonium persulfate solution was added dropwise. The reaction was carried out for 
around 6 h at 0 ◦C with constant stirring. When the oxidizing agent was added, the color of the mixture changed from dark green to 
black, indicating that the polymerization process had been initiated instantly. 

After the reaction time, the mixture was allowed to be accomplished for nearly 48 h to ensure complete polymerization. After 
complete polymerization, the mixture was washed with deionized water to eliminate unreacted components before filtering with a 

Fig. 1. FT-IR spectra of PPy powders with various oxidant to monomer ratios.  
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vacuum filter. A constant weight was achieved by vacuum-drying the samples at room temperature. Powders ranging from 0.5 to 3 M 
ratios were synthesized using the steps described above. 

2.3. Characterization techniques 

FTIR spectroscopy (Shimadzu, IRAffinity-1S) was used to analyze the chemical structure of PPy in the frequency range 400–4000 
cm− 1. The surface morphology of the samples was investigated using SEM (FEI, Quanta 200). The structural analysis of the black 
powder (PPy) was carried out using powder X-Ray Diffraction (XRD) technique in the range of 2θ from 20o to 80o. 

3. Results and discussion 

3.1. Fourier Transform-infrared analysis (FTIR) 

Fig. 1 depicts the spectra of PPy powder at various molar ratios (oxidant/monomer) ranging from 0.5 to 3. The profile of several 
polymer samples is reported using FTIR, which detects different functional groups and characterizes covalent bonding information. 
The peak positions correlate to various covalent bonds, as previously demonstrated by Ramaprasad [26], Taunk [27], Chitte [28], 
Navale [29], and Chougule [30]. Table 1 reveals the peaks reported in prior work are tabulated in column no. 2 and columns 3–8 list 
the molar ratio-based peaks found in the test samples. The fluctuation in assignment position is discovered as a result of a change in a 
molar ratio (oxidant/monomer). As pyrrole rings are attached to the polymer’s backbone, the polymer’s structure can be altered by 
attaching varying numbers of atoms. 

3.2. X-ray diffraction analysis, UV–Vis spectral analysis and morphological study using SEM 

The confirmation of the sample especially of PPy is by the structure by powder XRD; the absorbance cut-off by UV–visible study and 
the internal morphology by SEM analysis as follows. The PPy structural representation is by the powder XRD pattern and the X-ray 
diffraction patterns of synthesized PPy with varied oxidant-to-monomer ratio are shown in Fig. 2. The wide peaks are detected in the 
zone 20◦ < 2θ < 30◦, for molar ratios varying from 0.5 to 3.0, revealing the amorphous nature of synthesized PPy [31,32], as well as 
the short-range arrangement chains of PPy [33]. Using Scherer’s formula, the crystallite size from a sharp peak at 25◦ for PPy is 
estimated, resulting in a high-intensity sharp peak of approximately 77.412 nm for PPy powder. The electronic transition of the 
synthesized PPy is analyzed with the absorption peaks for various oxidant concentrations are shown in Fig. 3. The absorption peak is 
found at about 320 nm corresponding to the π-π* transition, and 375 nm–425 nm reveals the creation of bipolarons [34]. Polymer-
ization is quickening by the creation of polarons and bipolarons, which promotes the conjugate in a highly conducting state [34,35]. 
The morphological structure of the synthesized PPy powder is shown in Fig. 4(a–f). The morphological structure of globular particles 
demonstrates their amorphous nature [36,37]. All views have been selected with a higher magnification of 10 k for better comparison. 
As seen in Fig. (4), the particle size and, therefore, agglomeration increases as the molar ratio increases from 0.5 to 3. In addition, the 
bonding effect between grains improves as the proportion of dopant (APS) increases [38]. 

3.3. Electronic, mechanical-hardness and anti-diabetic analysis of PPy 

The effective role of PPy is tried for electronic filters as the influx in microns for the opto-electronic filters and is 3.7873; 3.7874; 
3.7874; 3.7874; 3.7874 and 3.7875 corresponding to MR values as 0.5; 1.0; 1.5; 2.0; 2.5 and 3 respectively, showed no much variations 
as samples are not anisotropic and are amorphous in nature; so, as the MR values [39–43] are getting elevated in esteem and for filters 
used in optoelectronic type, minor variations are seen and are also in fourth decimal places. Furthermore, in the burglar alarm to 
enhance the efficiency of the system, PPy coated components are 1.12, 1.13, 1.13, 1.13, 1.13 and 1.16 times efficient than the uncoated 
ones and are reducing the noise level due to fine homogeneous particles [43–48]. The IC-741 type of voltage doubling circuital 

Table 1 
FT-IR absorption peaks of PPy.  

Assignments Peak positions in Refs. 
[22,26] cm− 1 

Peak positions for different samples (cm− 1) Molar Ratio (MR): (APS/ 
Pyrrole) 

MR:0.5 MR:1 MR:1.5 MR:2 MR:2.5 MR:3 

N–H deformation 3443 [5] 3458 3458 3456 3452 3452 3454 
Absorbance of CH2 group 2870 [5] 2877 2862 2867 2860 2868 2869 
C––N bonds 1685 [6] 1643 1668 1670 1674 1676 1678 
C–H out plane stretching 1473 [7] 1446 1446 1448 1449 1452 1453 
C–H in-plane deformation 1250 [8] 1247 1281 1257 1259 1236 1247 
N–C stretching 1046 [9] 1074 1074 1076 1076 1078 1076 
N–C stretching 920 [9] 938 983 987 991 993 991 
N–C stretching 811 [9] 825 823 831 842 873 887 
= C–H Stretching 793 [7] 792 792 788 797 792 790 
C–C out of plane deformation/C–H rocking/C–H wagging 681 [6] 674 676 657 674 672 671  
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portfolio represents double the value for normal case and is 2.01; 2.03; 2.03; 2.03; 2.03; 2.03 times for the versatile scaling MR values 
and confirmed the doubling of voltage in circuits. The mechanical representation of samples figuring out the proper projection of their 
hardness or softness and identifying it based on their value to tribological parameters and here, the hardness profile of MR as 0.5 is 
tried for Vicker’s scale of 25, 50 and 100 g and their HV value in kg/mm2 as 56.2; 68.6 and 97.9 and give rise to n as above 2 and is of 
Reverse Indentation Size Effect and other samples are in progress for analysis and are pelleted and analyzed [43–48]. The versatile 
method of the carbothermal way [49–53] is deliberately represented to proceed for PPy in the future with other typical studies [49, 
54–59]. The biological impacts for insulin deficiency altered by alpha-amylase inhibited concentration of PPy with various MR of 
versatile scales or % with IC-50 as 48.75; 48.75; 48.75; 48.75; 48.76 and 48.76 correspond to 0.5; 1.0; 1.5; 2.0; 2.5 and 3.0 MR leads to 
a better scope of activity against the ailment of diabetics and no change in data of IC-50 is observed and the uniformity is due to the 
amorphous type of nature of versatile MR esteem of 6 samples of PPys [43–48]. While performing for MR-0.5 Alpha Glucosidase based 
provision of IC-50 as 61.09 and is the slightly higher value than the former one. The influx, anti-diabetic and hardness data are 
confined with Fig. 5 a-c correspondingly. 

4. Conclusion 

PPy is successfully synthesized using a chemical oxidative polymerization processing with changing oxidant/dopant concentra-
tions. The morphological behavior of agglomerated particles changed as the molar ratio varied between 0.5 and 3, as confirmed by 
SEM, FTIR, and X-ray diffraction studies. The controllable tailor-made properties of the synthesized PPy powder make the material a 
promising candidate to be used in applications such as toxic gas sensing, pH measurement, color sensors, dye degradation and many 
other applications. The PPy samples are mainly used in electronics as filter use with influxing data especially for opto-electronic filters 
and identified the nature of hardness profile with Vicker’s mode as well as the bio-medicinal impact as a standard inhibitor for 

Fig. 2. XRD pattern for PPy powders with different molar ratios.  

Fig. 3. UV–Vis absorbance spectrum of PPy powder with different molar ratios.  
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diabetics with alpha-amylase methodology and a better agent for bio use as confined with IC-50 values. In the future, the irradiation of 
PPy can proceed and micro/nano by milled impact can be addressed for anti-cancer and antimicrobial as well as tribological usage. 
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