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Abstract 

 

  Our research focuses on an innovative 

category of materials achieved through the 

modification of the conducting polymer 

Polypyrrole (PPy: Host) with Perovskite 

compounds (La0.7Ca0.3MnO3 and 

La0.7Ba0.3MnO3: Doped). This novel 

material class is tailored to exhibit distinctive 

properties. Our study delves into the 

synthesis of these composite materials 

through the in-situ chemical oxidation 

method, coupled with an in-depth 

investigation of their characteristics. Using 

various analytical techniques, we explored 

the morphology, chemical composition, 

crystal phase, and magnetic behavior of these 

composites. Scanning Electron Microscopy 

(SEM) revealed their spherical structure, 

while Energy Dispersive X-ray (EDAX) 

analysis confirmed the presence of the 

respective elements. X-ray Diffraction (XRD) 

highlighted their Orthorhombic phase, while 

Vibrating Sample Magnetometry (VSM) 

demonstrated paramagnetic behavior. 

Additionally, Electron Paramagnetic 

Resonance (EPR) revealed intriguing 

interactions between the host and the doped 

materials, all of which were observed at room 

temperature.This comprehensive study 

enhances our understanding of the 

fundamental interactions between host and 

doped materials. Moreover, the findings pave 

the way for potential future applications, such 

as energy harvesting and Superconducting 

Quantum Interference Devices (SQUIDs), 

suggesting exciting prospects for these 

nanocomposites in emerging technologies. 
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I. INTRODUCTION 

 

 Conducting polymers represent a category of organic polymers endowed with the 

ability to conduct electricity. Several notable examples of these polymers have been invented, 

including polythiophene (PT), polyacetylene (PA), polypyrrole (PPy), and polyaniline 

(PANi). The presence of conjugated double bonds along the polymer backbone underlies the 

transport properties characteristic of conducting polymers [1-3]. By means of a process 

known as doping, the conductivity of organic polymers can be finely tuned, transitioning the 

material from insulating to semiconducting. Since the inception of the "Green technology" 

concept, conducting polymers have captivated researchers' attention, yielding continuous 

advancements in their properties. These polymers are garnering widespread interest and 

ongoing refinements in their attributes, contributing to the evolution of cutting-edge devices 

like OLEDs, organic photodiodes, organic phototransistors, and Squids [4-6]. 

 

 Meanwhile, perovskite, a distinctive category of magnetic material, has captured 

considerable interest within the research community due to its potential applications as a 

capacitor, sensor, and memory device. The perovskite family encompasses various types 

characterized by the general formula ABO3. In this formula, 'A' represents an alkali metal or 

lanthanide (cation (divalent)) with a larger ionic radius, while 'B' stands for a cation 

(tetravalent) with a smaller ionic radius, typically a 3d or 5d transitional metal ion. The 'A' 
atom occupies the corner lattice positions, the 'B' atom takes up the central lattice position, 

and the 'O' atoms are positioned at the face center lattice. The selection of ions for the A and 

B lattice positions is outlined in a branched structure, depicted in figure 1. The perovskite 

oxides with the composition R1-xAxO3, where R (La, Nd, Pr, Y, etc.) signifies a rare earth 

ion and A represents an alkali or alkaline cation (Ca2+, Sr2+, Ba2+, Na2+, K2+), belong to 

the family known as mixed valence manganites. This nomenclature is rooted in the fact that 

these materials encompass manganese (Mn) ions in diverse valence states. The transport and 

magnetic properties of these materials predominantly arise from the mixed valence state of 

manganese [7,8]. 

 

 Among various combinations of magnetic materials, lanthanum manganite stands out 

due to its remarkable property known as colossal magnetoresistance. This material exhibits a 

transition between ferromagnetic and paramagnetic states in response to changes in a 

magnetic field. Such variations in magnetic fields are crucial for specific applications, 

notably in devices like SQUIDs. 

 

 
                               

Figure 1: Choice of A-Site and B-Site Elements 
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 It is widely anticipated that organic-inorganic composites will play a pivotal role in 

advancing advanced functional nanomaterials. The exploration of these materials is a 

collaborative effort among material scientists, physicists, chemists, and biologists, all 

working to harness the potential for creating smart materials that can benefit the inorganic, 

organic, and biological domains. These polymer composite materials hold promise across 

various applications, including electronics, environmental solutions, optics, photovoltaics, 

fuel cells, sensors, smart microelectronics, SQUIDs, and even nano ceramic-polymer 

integration in the automotive industry [9-13]. 

 

 For our current research, we've chosen polypyrrole as the host material and employed 

La0.7Ca0.3MnO3 and La0.7Ba0.3MnO3 nanoparticles as dopants. Our focus has been on 

comprehensively studying the morphology, crystalline phases, and magnetic behavior of 

these composite materials. 

 

II. APPARATUS USED FOR THE STUDY 

 

1. SEM: Vega3 TESCAN, and Leica Stereo scan-440 equipped with a Phoenix are used to 

study the morphology and energy dispersive analysis of X-rays (EDAX). 

 

2. XRD: XPERT-3, operating at a voltage of 45 kV and a current of 30 mA with Cu kα 
radiation has been employed to analyze the shape and size of the compounds.  

 

3. VSM: Lake Shore Cryotronics, USA 7400-S series vibrational frequency at 85 Hz is 

used. 

 

4. EPR: JEOL Model JES FA200 EPR instrument at room temperature. 

 

III. SYNTHESIS OF THE COMPOUND 

 

1. Synthesis of Conducting Polymer Polypyrrole: The synthesis of Polypyrrole is 

achieved through an in situ chemical oxidation method as follows: 

 

First, we prepare a solution by dissolving 0.2 M of the monomer pyrrole in 100 ml 

of distilled water. We place the beaker containing this pyrrole solution on a magnetic 

stirrer, stirring at 500 rpm. To maintain a temperature of 0°C-5°C, use a tray filled with 

ice pellets around the beaker. Next, We prepare the oxidizing agent solution using 

Ammonium per sulfate (APS): 0.6 M (13.6 g) dissolved in 100 ml of distilled 

water. Gradually added the APS solution drop by drop to the pyrrole solution in the 

beaker, allowing the reaction to proceed for 5 hours. After the reaction, We filter the 

solution to separate the precipitate. 

 

The precipitate is placed it in a hot air oven at 100°C for approximately 2 hours 

until a dry compound is obtained. Once the compound is dry, we grind or mortar it to 

obtain a fine powder it is then weighed and the sample is stored for further studies. 

 

2. Synthesis of LCM and LBM Nanoparticle: LCM and LBM nanoparticle were 

synthesized by the Sol-Gel Method. For the synthesis, the chemicals La2O3, CaCO3, 

MnCO3 (for LCM) and La2O3, BaCO3, and MnCO3 for (LBM) (Sigma-Aldrich: 99%) are 
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taken in a Stoichiometric ratio. The solution LCM manganite is made by dissolving 

La2O3, CaCO3, MnCO3 with 20 ml of nitric acid and 10 ml of water. Similarly, The 

solution LBM manganite is made by dissolving La2O3, BaCO3, MnCO3 with 20 ml of 

nitric acid and 10 ml of water in separate beakers. The solutions are Stirred well till the 

chemicals dissolve completely. A polymer precursor polyethylene glycol measuring 30 ml 

is added separately to both beakers containing LCM and LBM solutions. The mixture is 

kept on a hot plate and heated to 100 ºC initially and then increased to 250 °C to clear out 

the volatile compound. It is finally sintered in a Muffle Furnace to 1000 °C for 5 h for 

LCM and 7 h to get the LBM nano powder. The samples ae weighed and stored for 

further studies. 

 

3. Synthesis of Ppy/LCM and Ppy/LBM Nanocomposites: The composites of PPy/LCM 

and PPy/LBM were synthesized by chemical oxidation method. To prepare the composite 

PPy/LCM 10, 10 % (PPy weight) of the weight of LCM is taken and added to pyrrole 

(The molar ratio of pyrrole taken is similar to the one explained in section A). APS 

solution (Molar ratio is taken as similar to the one explained in section A) taken in a 

burette is added dropwise to the mixture of PPy and LCM. The experimental procedure is 

followed as explained in section A. This sample gives PPy-LCM10 nanocomposite. 

Similarly, the other composites of PPy/LCM were synthesized by adding 20%, 30%, and 

40% weight percent of LCM to the pyrrole solution. 
 

Similar procedure is followed to get PPy/LBM 10. Further to get other composites 

of PPy/LBM by adding 20%, 30%, and 40% weight percent of LBM to pyrrole and 

repeating the above said method. 

 

IV. CHARACTERIZATION STUDIES 

 

1. SEM Analysis 

 

    
 

Figure 2: a: Pure Ppy                b: Pure LCM 
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c: PPy-LCM50    d: Pure LBM 

 

 
       

e: PPy-LBM50 

 

 The SEM images provide valuable insights into the microstructure of the 

materials studied: 

 

 The SEM image of pure PPy (Figure 2.a) illustrates a compacted globular structure 

[14]. 

 In the image of LCM (Figure 2.b), the presence of LCM suggests agglomerated 
nanoparticle formation. 

 The images of PPy/LCM 50 composites (Figure 2.c) reveal a globular structure with 
embedded LCM nanoparticles within the polypyrrole matrix. The presence of LCM in 

PPy forms clustered regions, leading to a reduction in the length of the PPy chains. 

 The morphological image of LBM (Fig 2.d) displays a spherical structure [15]. 

 In contrast, the composites of PPy/LBM 50 (Figure 2.e) exhibit a globular structure 
embedded with LBM nanoparticles within the polypyrrole matrix. LBM nanoparticles 

form a more clustered network with the PPy chain, further reducing the length of the 

PPy chains. 
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 These SEM observations provide valuable information about the morphology and 
distribution of nanoparticles within the polymer matrix, which is crucial for 

understanding the properties and behavior of these materials. 

 

2. XRD Analysis: X-ray diffraction is employed for the identification of the crystalline 

phases within prepared samples. The X-rays are generated utilizing Cu K-alpha radiation 

with a wavelength of 1.54 Å. The data is collected in a slow scan mode, systematically 

covering the 2θ angle range from 10° to 80° with 0.030° increments. The average 

crystallite size of the particles is subsequently determined using the Scherrer equation. 





cos

K
D 

       .............. (1) 

 
Where D, β, θ are crystallitte size (nm), full width at half maximum (degrees) and 

Bragg angle (degrees) respectively, K= 0.9 and  λ = 1.54 Å.  

 

In the present work , the crystalline phase of Pure  PPy, pure LCM, PPy/LCM 

nano composites, and pure LBM and PPy/LBM naocomposites are studied. 

 

The X-ray diffraction (XRD) pattern of PPy is depicted in Figure 3.a, indicating 

the amorphous character of PPy, with a broad peak centered around 26° [175]. Figures 

3.b and 3.c showcase the XRD patterns of Pure LCM and Pure LBM respectively. For 

Pure LCM, distinct reflection planes appear at (1 01), (0 0 2), (0 2 2), (0 4 0), (0 4 2), (4 0 

0), (3 0 3), and (1 6 1), corresponding to peaks located at 21.6°, 32°, 40°, 46.2°, 57°, 

69.6°, 71.9°, and 78.8°. Reference to the JCPDS card no: 49-416 confirms the 

orthorhombic crystal phase of LCM with the Pnma space group [14]. Turning to Pure 

LBM, its Bragg’s reflection planes are denoted as (0 2 0), (1 2 1), (2 2 0), (0 4 0), (2 2 2), 

and (2 4 2), corresponding to peaks at 22.5°, 32.5°, 40°, 46.5°, 58°, and 68°, aligning with 

data from JCPDS file 89-569 (no 74). The crystalline phase of LBM nanoparticles is 

confirmed as orthorhombic, described by the lmma space group [16]. 

 

     
            

Figure 3: a: Pure PPy     b: Pure LCM 
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c: Pure LBM 

 

     
 

d: Ppy/LCM Nano Composites    e: Ppy/LBM Nano Composites 

 

In Figure 3.d, the XRD pattern of PPy/LCM nanocomposites is presented. The 

graphs reveal the polycrystalline nature of the composites, as evidenced by the peak shift 

to lower angles and a corresponding reduction in peak intensity. This phenomenon is 

attributed to unique orientation effects seen exclusively in layered compounds and the 

presence of stacking defects. Notably, several of the dominant peaks observed in Fig 3.d 

are not discernible in the XRD pattern of PPy/LCM nanocomposites. The phenomenon is 

termed XRD amorphous, observed in composites where the dopant crystallite size falls 

below the XRD instrument's detection threshold. Additionally, the absence of specific 

peaks within these composites is linked to their multiphase formation or potentially due to 

particles not aligning along the plane of X-ray incidence. The shift in peak positions is a 

result of thermal expansion caused by internal strain stemming from differing particle 

sizes between PPy (micrometers) and LCM (nanometers). The  

 

Figure 3.e showcases the XRD pattern of PPy/LBM nanocompounds. Similar to 
PPy/LCM composites, the graph of PPy/LBM reveals the polycrystalline nature of the 

composites, with peak shifts towards lower angles and corresponding peak height 

reductions. This outcome is linked to orientation effects and stacking defects. Notably, 

certain significant peaks evident in figure 3.4.e are absent in the XRD pattern of 

PPy/LBM nanocomposites. The non-appearance of these peaks can be ascribed to the 
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multiphase nature of the composites. The observed shift in peak positions towards lower 

angles is attributed to the thermal expansion of the composites, arising from internal 

strain due to particle size discrepancies [17]. 

 

3. VSM Measurement of Ppy/LCM Nano Compound: The magnetic properties of 

PPy/LCM compound samples were examined, and the plots illustrating magnetic moment 

versus the applied magnetic field for these composites are displayed in figures 4.(a-e). 

 

In Figures 5.3(a-k) depicting PPy/LCM and PPy/LBM nano compounds, a 

paramagnetic nature is observed at room temperature. This behavior is ascribed to the 

random substitution positions of dopants, causing local disruptions in the host material 

due to spin-orbit coupling. It's also noteworthy that intrinsic changes influence variations 

in the coercive field, leading to a reduction in anisotropy energy. These factors 

collectively contribute to the incidental fluctuation of energy associated with the 

movement of domain walls when interacting with the imperfect structure of the material 

[18-24]. 

 

As indicated in table 5.1, it is observed that the saturation magnetization 

consistently decreases with increasing doping concentration for PPy/LCM. However, for 

PPy/LBM nano composites, saturation magnetization decreases for PPy/LBM10 and 
PPy/LBM20, but then increases for PPy/LBM30, PPy/LBM40, and PPy/LBM50. The 

decrease in magnetization is attributed to the random substitution positions of dopants 

within the PPy chain. The subsequent increase in magnetization beyond PPy/LBM30 is 

attributed to an effective enhancement in the local polarization of the polymer's polarons. 

The following plot shows the variation of Magnetic moment with a Magnetic field at 

room temperature. 

 

   
         

Figure 4: a: PPy/LCM 10   b: PPy/LCM 20 

-15000 -10000 -5000 0 5000 10000 15000

-0.010

-0.005

0.000

0.005

0.010

 

 

Moment (emu)

F
ie

ld
 (

O
e
)

 PPy-LCM 10

-15000 -10000 -5000 0 5000 10000 15000

-0.009

-0.006

-0.003

0.000

0.003

0.006

0.009

 

 

Moment(emu)

F
ie

ld
(O

e
)

 PPy- LCM 20



Futuristic Trends in Chemical, Material Sciences & Nano Technology 

e-ISBN: 978-93-5747-867-0 

IIP Series, Volume 3, Book 1, Chapter 22 

                                            POLYPYRROLE/LANTHANUM MANGANITE: A COMPARATIVE 

STUDY OF MORPHOLOGY, STRUCTURAL, VSM, AND EPR STUDIES  

 

 

Copyright © 2024 Authors                                                                                                                      Page | 327 

     
     

c: PPy/LCM 30    d: PPy/LCM 40 

 

 
 

e: PPy/LCM 50 

 

4. VSM Measurement of Ppy/LBM Nano Compound: The samples of PPy/LBM nano 

compound were analyzed for their magnetic properties, the plot of magnetic moment 

versus the field for the composites is shown in Figure 4(f-j). 

 

        
 

Figure 4: f: PPy/LBM 10    g: PPy/LBM 20 
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h: PPy/LBM 30    i: PPy/LBM 40 

 

 
 

j: PPy/ LBM 50 

 

The intensity of magnetization, coercivity, and retentivity of the samples are listed 

in the table 1. 

 

Table 1: Intensity of Magnetization, Coercivity, and Retentivity of the Ppy/LCM and 

Ppy/LBM Nano Compounds 

 

Name of the 

Compound 

Magnetization Ms 

x10
-3

 (emu/g) 

Coercivity Hc 

(Oe) 

Retentivity Mr 

x10
-6

(emu) 

PPy/LCM10 10.44 44.44 27.915 

PPy/LCM20 8.582 31.517 19.901 

PPy/LCM30 7.6452 47.457 22.025 

PPy/LCM40 7.1841 44.331 21.211 

PPy/LCM50 7.1321 45.221 20.721 

PPy/LBM10 9.125 36.583 19.92 

PPy/LBM20 6.7685 62.594 30.717 

PPY/LBM30 7.42 53.847 26.250 
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PPy/LBM40 7.6827 41.403 20.618 

PPy/LBM50 9.029 7.8905 1.9538 

 

5. Electron Paramagnetic Resonance (EPR) Studies: Electron paramagnetic resonance 

(EPR), also known as electron spin resonance (ESR), serves as a valuable tool for 

comprehending the interaction between unpaired electrons and the host material. At its 

core, this technique revolves around exciting electron spins. EPR spectroscopy is 

particularly well-suited for unraveling the interplay between electrons and organic 

compounds containing free radicals, as well as transition metal ions and defects. 

Uniquely, this method precisely detects unpaired electrons, offering exceptional 

capability in categorizing paramagnetic substances due to their pronounced sensitivity to 

local surroundings. EPR spectrum of PPy/LCM nano compound 

 

The following Figure 5 (a-e) shows the EPR spectrum of the PPy/LCM nano compound.  

 

  
 

Figure 5: a: PPy/LCM 10   b: PPy/LCM 20 

 

  
      

c: PPy/LCM 30    d: PPy/LCM 40 
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e:  PPy/LCM 50 
 

6. EPR Spectrum of Ppy/LBM Nano Compound: The following figures 5. (f-j) shows the 

EPR spectrum of PPy/LBM nano compound. 

 

      
 

Figure 5: f: PPy/LBM 10         g: PPy/LBM 20 

 

         
                  

h: PPy/LBM 30     i: PPy/LBM 40 
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j: PPy/LBM 50 

 

Table 2: Variation of G-Value and the Transition Responsible for the Behavior of the 

Samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The EPR plots of PPy/LCM and PPy/LBM nanocomposites are displayed in 

Figure 5. (a-e) and Figure 5. (f-j) respectively. In the case of the EPR spectra of 

PPy/LCM nano compounds, it's evident that the spectrum width diminishes as the LCM 

composition within the PPy chain increases. This trend is attributed to the favored 

reduction of spin which is responsible for the variation in the width at the deprotonation 

state [25-27]. Within the spectrum, both broad and narrow lines observed is due to 

delocalized and localized charge carriers, respectively, existing in ordered and disordered 

regions of the sample. This explanation aligns with the listed g values for the compounds. 

Notably, the observed decrease in g values is attributed to the amplification of anisotropy 

energy, a result of the interaction between the orbital motions of electrons at the interface 

with the doped material [28-36]. 

 

Name of the Compound G-Value Transition 

PPy/LCM10 1.997 Mn
4+

 

PPy/LCM20 1.99 Mn
4+

 

PPy/LCM30 1.95 Mn
4+

 

PPy/LCM40 1.91 Mn
4+

 

PPy/LCM50 1.90 Mn
4+

 

PPy/LBM10 1.98 Mn
4+

 

PPy/LBM20 1.95 Mn
4+

 

PPy/LBM30 1.9 Mn
4+

 

PPy/LBM40 1.89 Mn
4+

 

PPy/LBM50 1.86 Mn
4+
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A common factor among all the compounds is the primary transitions resulting 

from the Mn4+ state. 

 

V. CONCLUSION 

 

 We have synthesized a new type of composite material PPy/LCM and PPy/LBM nano 

composites by in situ oxidation method. The morphology, and crystalline phase were 

examined and showed that the particles are formed as expected. The magnetic properties 

studies using the VSM tool showed paramagnetic behavior for both PPy/LCM and PPy/LBM 

nanocomposites. The EPR studies confirmed the interaction between the host and the doped 

elements (LCM and LBM). This is for first time room temperature magnetic response study 

is been conducted. Further work will be conducted for SQUID applications. 
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