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ABSTRACT

This work presents the synthesis of polypyrrole—iron(II) perchlorate (PPy—Fe(ClO,),) nanoparticles using iron(III) chloride (FeCl,) as the
oxidizing agent. A range of monomer-to-oxidant ratios (M.R.) from 1:0.5:0.1 to 1:2:0.1, was systematically explored to assess their impact on
nanoparticle formation. The resulting PPy nanoparticles were characterized by X-ray diffraction (XRD), providing key insights into their structural
features and functional group behavior. The study underscores the critical role of oxidant concentration in altering the properties of PPy—Fe(ClO,),
nanoparticles, providing valuable directions for enhancing their performance in advanced applications.
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INTRODUCTION

Conducting polymers have garnered considerable interest over the
past few decades owing to their distinctive combination of properties,
such as tunable electrical and optical behavior, mechanical robustness,
straightforward synthesis, and superior environmental stability
compared to conventional inorganic materials. These features have
enabled conducting polymers and their composites to be widely
utilized in electrical, electronic, and optoelectronic applications [ 1-5].

Among the various conducting polymers, polypyrrole (PPy) stands out
as one of the most extensively investigated materials. PPy is
appreciated for its environmental stability, facile synthesis, high
electrical conductivity, and notable thermal resistance. Upon doping,
its conductivity can be significantly enhanced, typically ranging
between 1 and 100 S-cml]!, underscoring its unique electrical
performance [6-9].

PPy has been employed in a broad spectrum of applications, including
solid electrolyte capacitors, gas sensors, actuators, protective coatings,
electrochromic devices, displays, polymer-based power sources,
packaging, and electronic components [5-9]. Its synthesis can be
achieved through two principal approaches: electrochemical
polymerization and chemical oxidative polymerization, with the latter
being particularly popular for producing conducting polymers due to
its simplicity and versatility [9-10].

In the present study, PPy nanoparticles were synthesized via in-situ
chemical oxidative polymerization using FeCl, as the oxidizing agent.
The resulting product was characterized by XRD. Comparative
evaluation of samples prepared with varying Fe concentrations
revealed the influence of oxidant content on the structural properties of
PPy-Fe(ClO,), nanoparticles. These findings highlight the suitability
of the synthesized material for potential applications in electrical
devices and sensors [11-12].

MATERIALSAND METHOD

Materials:

Analytical reagent (AR) grade pyrrole monomer (C,H.N) was
procured from Loba Chemie Pvt. Ltd. and stored in a dark environment
at 501 °C. Iron(Ill) chloride hexahydrate (FeCl,-6H,0), also of AR
grade, was used as the oxidant. Prior to use, pyrrole was distilled under
reduced pressure to remove impurities. All solutions were prepared
using deionized water.

Synthesis of PPy-Fe(Cl0,),:

A 1M pyrrole solution was prepared in double-distilled water. The
solution was continuously stirred while aqueous FeCl, was added
dropwise at ~5[1 °C to initiate polymerization. PPy samples were
synthesized with varying FeCl, concentrations. To complete the
polymerization, the mixture was stirred for 3[] hours. Subsequently,
the dopant 0.1/ M Fe(ClO,), was introduced as a dopant, and stirring
continued for an additional 3—4 [ hours.

Samples were prepared with different Monomer:Oxidant:Dopant
ratios (M.R.) ranging from 1:0.5:0.1 to 1:2:0.1. The reaction mixture
was left undisturbed for 24 Thours to ensure complete polymerization.
The precipitated PPy was collected by vacuum filtration using
Whatman filter paper, dried in a vacuum oven at 40-50(1°C, and finely

ground with a mortar and pestle for subsequent characterization.

RESULTAND ANALYSIS
The prepared sample characterized by XTD and FTIR.

X-ray Diffraction (XRD) Analysis:

The XRD pattern of PPy doped with Fe(ClO,), at varying molar ratios
(Figure 1) reveals that the material is predominantly amorphous, as
evidenced by the broad peak observed in the 20-30° region [11].
However, distinct reflections appearing between 25-30° and 45-50°
suggest the presence of localized crystalline domains, likely induced
by the Fe(ClO,), dopant. This dopant not only enhances electrical
conductivity but also contributes to increased crystallinity. At lower
oxidant concentrations, the formation of crystalline regions is more
pronounced, whereas higher dopant levels sharpen the diffraction
peaks, indicating improved structural ordering. These variations are
reflected in the intensity differences across the studied ratios (1:0.5:0.1
to 1:1:0.1). Notably, the 1:0.5:0.1 sample exhibits higher overall peak
intensity compared to the 1:1:0.1 sample. Such structural
modifications directly influence the performance of PPy-based gas
sensors, as enhanced crystallinity can lead to improved electrical
conductivity and sensor efficiency.
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Figure 1: XRD of PPy doped with Fe(ClO,), of M.R. ranging from
1:0.5:0.1t0 1:2:0.1

CONCLUSION

In the present paper, we have successfully synthesized PPy-Fe(ClO,),
nanoparticles with various concentration of Fe using chemical
technique. This samples characterized by XRD. The material exhibits
structural stability that strongly depends on the monomer-to-oxidant-
to-dopant ratio. Some peaks at 25-30° and 45-50° indicate the
presence of some crystalline areas, which is due to the Fe(ClO,),
dopant, Optimizing these parameters is therefore essential to develop
PPy materials with improved structural characteristics for applications
in electronics and sensing technologies.

REFERENCES

[1] Y. Sood, H. Mudila, A. Katoch, P. E. Lokhande, D. Kumar, A. Sharma, and A. Kumar,
“Eminence of oxidants on structural-electrical property of Polypyrrole,” Journal of
Materials Science: Materials in Electronics, vol. 34,n0. 18,2023, doi: 10.1007/s10854-
023-10834-8.

[2] R. Ansari, “Polypyrrole Conducting Electroactive Polymers: Synthesis and Stability
Studies,” E-Journal of Chemistry, vol. 3,2006, doi: 10.1155/2006/860413.

[3] P. Chandrasekhar, Conducting Polymers, Fundamentals and Applications. Springer,
2018, doi: 10.1007/978-3-319-69378-1.

[4]  A.Dutt, “Cases of LPG injuries rise in Delhi; multiple burns in each: Study,” Hindustan
Times, Jan. 15,2021.

| 60 |—| International Journal of Scientific Research I



Volume - 15 | Issue - 03 | March - 2026 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr
. ________________________________________________________________________________________________________________|
[5] X. Guo and A. Facchetti, “The journey of conducting polymers from discovery to

application,” Nature Materials, vol. 19,n0. 9, pp. 922-928, 2020, doi: 10.1038/s41563-

020-0778-5.

[6] N.S.Ilicheva, N.K.Kitaeva, V.R. Duflot, and V.. Kabanova, “Synthesis and Properties
of Electroconductive Polymeric Composite Material Based on Polypyrrole,” ISRN
Polymer Science,vol.2012,pp. 1-7,2012, doi: 10.5402/2012/320316.

[7] N. K and C. S. Rout, “Conducting polymers: a comprehensive review on recent
advances in synthesis, properties and applications,” RSC Advances, vol. 11, no. 10, pp.
5659-5697,2021, doi: 10.1039/DORA078001J.

[8] D.Kumar, “5,122 incidents of accidents involving LPG in 6 yrs: Govt,” Millenniumpost,
Mar. 16, 2023. [Online]. Available: https://www.millenniumpost.in/nation/5122-
incidents-of-accidents-involving-lpg-in-6-yrs-govt-511914

[9] S.Nosheen, M. Irfan, F. Habib, S. Zaheer Abbas, B. Waseem, F. Iftikhar, B. Soomro, and
A. Karim Aziz, “Synthesis and Characterization of Polypyrrole Synthesized via
Different Routes,” International Journal of Engineering Research & Technology
(IJERT). [Online]. Available: www.ijert.org

[10] G. Scott, Polymers and the Environment. The Royal Society of Chemistry, 1999, doi:
10.1039/9781847551726.

[11] R.B. Seymour, “Polymers Are Everywhere,” Journal of Chemical Education, vol. 65,
1988, doi: 10.1021/ED065P327.

[12] R.B. Seymour, H. F. Mark, L. Pauling, C. H. Fisher, G. A. Stahl, L. H. Sperling, C. S.
Marvel, and C. E. Carraher, Pioneers in Polymer Science, R. B. Seymour, Ed. Springer
Netherlands, 1989, doi: 10.1007/978-94-009-2407-9.

I International Journal of Scientific Research |—| 61 |



