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S1. Synthesis of Polymers

In the below experiment, polymers are synthesized via chemical oxidative polymerization, in 

which potassium persulfate has been utilized as an oxidizing agent 1.The main reagents used for 

the synthesis of the polymer are aniline (C6H5NH2) (Fischer Scientific, USA), p-phenylenediamine 

(99%, SigmaAldrich, USA), m-phenylenediamine (99%, SigmaAldrich, USA), potassium 

persulfate (K2S2O8), conc. HCl (Fischer Scientific, USA). The polymerization of aniline by 

K2S2O8 follows a mechanism similar to the oxidative chemical method, as explained in Scheme 

S1. The synthesis is initiated by drop-wise addition of an oxidant, 0.1M potassium persulphate 

(K2S2O8) in 10% aniline (C6H5NH2) prepared in 1M HCl, with continuous stirring by a magnetic 

stirrer at 1000 rpm for 4-5 hours at 0°C, to complete the polymerization. The synthesized dark 

green polymer was filtered after being kept at rest for 24h and washed several times with double-

distilled water and purified with ethanol 2. The polyaniline was transformed into a fine powder by 

drying the residue in an oven at 50–60°C for 24 hours, as shown in Scheme S2 3. The polymers of 

para-phenylenediamine and meta-phenylenediamine were also obtained from their monomers in a 

similar fashion. The synthesized blue- black precipitate obtained was labelled as poly (p-

phenylenediamine), and the black precipitate was labelled as poly (m-phenylenediamine) (Scheme 

S2).
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Scheme S1. Synthesis of PANI by Chemical Oxidative Polymerization Pathway 4.



Scheme S2.  Process of Synthesis of PANI and its derivatives via Chemical Oxidation.

S2. Characterization of synthesized polymers 

S2.1. FTIR Analysis 

The FTIR spectra of PANI, poly(p-phenylenediamine), and poly(m-phenylenediamine) are 

illustrated in Fig. S1 (a–c). In PANI Fig. S1 (a), the peaks at 1563.67 cm⁻¹ and 1482.12 cm⁻¹ are 

assigned to the C=N stretching of quinoid structures and C=C stretching of benzenoid units, 

respectively, reflecting the oxidation state of the polymer 5. Bands at 1293.86 cm⁻¹ and 1240.15 

cm⁻¹ arise from C–N stretching vibrations 6 7. The intense peak at 1106.28 cm⁻¹ indicates 

delocalized charge carriers along the conjugated backbone, confirming the conductive nature of 

PANI 8. Absorptions in the range of 796–879 cm⁻¹ are attributed to C–H out-of-plane vibrations 9. 

Poly(mPD) Fig. S1 (b) shows broad bands at 3328 and 3200 cm⁻¹, corresponding to N–H 



stretching of secondary amino groups 10. Peaks at 1617.47 cm⁻¹ and 1503.24 cm⁻¹ indicate the 

presence of quinonoid and benzenoid rings, respectively, while the band at 1268.28 cm⁻¹ is related 

to C–N stretching 11 12. A weak absorption at 1111.38 cm⁻¹ may correspond to C=N stretching 13. 

For poly(pPD) Fig. S1 (c), a broad band at 3219 cm⁻¹ is linked with N–H stretching. Peaks at 

1609.94 cm⁻¹ and 1515.06 cm⁻¹ reflect N–H bending and C=N stretching, respectively, associated 

with phenazine-like segments 14. The peaks at 1423.91 cm−1 and 1292.40 cm−1 are ascribed with 

C–N–C stretching vibrations of benzenoid and quinoid imine units. Peaks at 1609.94 cm−1 and 

1570 cm−1 were associated with C–C stretching on the aromatic rings 15. Further, bands at 1,292.40 

cm−1, 822.19 cm−1, and 1,515.06 cm−1 are assigned as C–N aromatic stretching, C–H aromatic 

stretching, and C=C aromatic stretching bands, respectively 14.

Fig. S1. FT-IR Analysis of (a) PANI, (b) poly(m-PD), (c) poly(pPD)

S2.2. PXRD Analysis

To study the nature of synthesised polyaniline and its derivatives, PXRD was used. XRD spectra 

of PANI, poly(p-phenylenediamine), and poly (m-phenylenediamine) are shown in Fig. S2. (a-c). 

The PXRD pattern for polyaniline, shown in Fig. S2 (a), reveals a broad peak centered around 2θ 

≈ 25°. This indicates amorphous characteristics. This broad feature corresponds to the (200) plane 

of the emeraldine salt and shows periodicity along the polymer backbone. The absence of sharp 



peaks suggests disordered chain packing and limited long-range order. This disorder is typical of 

chemically synthesized PANI because of irregular chain alignment and structural distortion caused 

by dopants 16. The PXRD of poly(meta-phenylenediamine), illustrated in Fig. S2 (b), shows broad 

and less intense peaks, which indicate a semi-crystalline structure. The meta-substitution disrupts 

the planarity and linearity of the polymer chains. This reduces the potential for tight π–π stacking 

and ordered packing. As a result, poly(mPD) shows more structural disorder than its para-

counterpart. This leads to broader diffraction features centred around 2θ = 22°–28°, which indicate 

limited crystalline domains within an amorphous matrix 17. In contrast, poly(para-

phenylenediamine) Fig. S2 (c), displays sharp and intense diffraction peaks in the range of 10°-

30°, which can be explained by the structural diversity of the macromolecules of the synthesized 

polymer and the size and regularity of poly(pPD), indicating its semi-crystalline structure18 19. 

Moreover, the para-substitution allows linear and planar chain growth, promoting regular π–π 

stacking and strong intermolecular interactions 20

Fig. S2. PXRD Analysis of (a) PANI, (b) poly(mPD), (c) poly(pPD)

S3. Conductivity Analysis synthesized polymers



The ionic conductivities of PANI, poly(pPD), and poly(mPD) were investigated in various polar 

aprotic solvents at room temperature with an ELICO conductivity meter. Aqueous solutions 

(0.05% w/v) were also measured at room temperature with a Eutech CON 700 meter. Whereas 

NMP demonstrated the highest conductivity followed by DMF, THF consistently gives the lowest 

values as shown in Fig. S3. The difference in conductivity is probably due to the polarity and 

dielectric constant of the solvents. Polar aprotic solvents with high dielectric constants, such as 

NMP and DMF, aid conductivity due to improved solvation and mobility of ions 21. This trend 

may also be attributed to the superior solvation and charge transport properties of NMP, which 

facilitate better polymer chain alignment and higher charge carrier mobility. However, THF's low 

polarity may limit the dispersion of polymer and ionic conductivity. Overall, NMP is the most 

effective solvent for achieving high conductivity.



Fig. S3. Conductivity of PANI, poly (pPD), and poly(mPD) in different solvents at room 
temperature.

The electrical conductivity of PANI, poly(pPD), and poly(mPD) was further evaluated varying 

concentrations of polymers as shown in Fig. S4. The results clearly show that PANI possesses the 

highest conductivity among the three, beginning at 70.0 × 10-5 S/cm at 0.715 μg/ml and peaking 

at 89.7 × 10-5 S/cm at 1.144 μg/ml, beyond which it levels off. This trend implies that ideal doping 

and charge carrier mobility in PANI occurs at 1.144 μg/ml contributing to conductivity 22. 

Furthermore, HCl-doped PANI show improved conductivity compared to pure PANI 23. 

Poly(pPD), by comparison, has a slower and a more consistent increase in conductivity, increasing 

from 4.6 × 10-5 S/cm to 7.89 × 10-5 S/cm, indicating both lower intrinsic conductivity and a less 

responsive behaviour to volume change. Poly(mPD), on the other hand, consistently showed the 

poorest conductivity, starting at 1.4 × 10-5 S/cm and reaching only 5.5 × 10-5 S/cm at high 

concentration. Bulky -NH2 substituents, which cause twisting of the main-chain, reducing its 

coplanarity and presenting a barrier to inter-chain jumping and transfer of electrons, which 

shortens the length of conjugation, likely account for the low electrical conductivity of 

phenylenediamine polymers 24.  This suggest that its poor electrical performance may be attributed 

to structural or morphological defect that hinders the proper transport of charge. A bar graph, as 

shown in Fig. S4, illustrates these observations, with PANI at the top for conductivity, followed 

by poly(pPD) and lastly poly(mPD).



Fig. S4.  Conductivity measurement of PANI, poly(pPD) and poly(mPD) 
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