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Abstract: p-Phenylenediamine (PDA) doped with different molar concentration of phthalic acid (PhA) 
was synthesized by chemical oxidative polymerization in the presence of ammonium  peroxydisulfate 
as oxidant. Polyphenylenediamine was confirmed by FT-IR. The morphology of PDA was confirmed 
by scanning electron microscope (SEM); it was found that change from nanospheres to nanofibers due 
to increasing the concentration of phthalic acid. The thermal stability (TGA) and electrical 
conductivity of polyphenylenediamine was studying. From TGA, it was found that increasing the 
concentration of phthalic acid from 0.1-0.4M allow to form amide link which easy to rupture with 
increasing the temperature. It has been observed that the conductivity not affected by increasing in 
the temperatures, but it is affected by increasing the concentration of phthalic acid from 5.34 x 10-11 in 
0.1M to 6.42 x 10-7 in 0.4M. The increase in conductivity may be due to the increase of efficiency of 
charge transfer between the polymer chains and the dopant. 
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                    conductivity. 

 
INTRODUCTION 

 
Recently, investigations on the derivative of polyaniline (PANI), aromatic diamine polymers, are found to 

be more attractive since they exhibit more novel multi functionality than PANI and PPy due to one free amino 
group per repetitive unit on the polymer chains(Quang et al., 2011). Thus, these polymers have shown different 
characteristics from those widely known conducting PANI and PPy in the application of electrocatalysis, 
electrochromics, sensors, electrode materials, etc (Li et al., 2002). There are three main structural proposals for 
the chemical structure of poly (p-phenylediamine) poly (pPD) (Ricardo et al., 2009).Para-phenylenediamine 
(pPD), one of the three isomers of phenylenediamine (PD), and its copolymers has been widely studied 
worldwide. Some research reported polymerization of pPD by oxidation in aqueous acidic solution with 
potassium persulfate (KPS) as an oxidant. Poly (pPD) was believed to have a ladder structure and was 
somewhat similar to pernigraniline with a specific conductivity of 6·3 × 10−6 S/cm (Cataldo, 1996 and Li et al., 
2001). It has been reported that the diameter of nanofibers formed was strongly influenced by the dopant used in 
the polymerization .The study reports some preliminary investigations on the template free synthesis of a scantly 
investigated polyaniline (PANI) derivative phenylenediamine (PDA) by template free method in the presence of 
Oxalic acid (OA) (dopant), using ammonium persulfate as  oxidant. The morphology of phenylenediamine 
doped with oxalic acid shows nanofibers was confirmed by scanning electron microscopy (SEM) studies. It is 
also observed that the change in morphology changes the electrical conductivity. The oxalic acid as dopant has 
beneficial effect on the electrical conductivity (MacDiarmid et al., 1994, Pei et al., 1995 and Kargirwar et al., 
2012). 

According to the conduction theory in conjugated polymers, the origin of electron conductivity is owing to 
the existence of π–π overlapping, which allows the electron delocalization (Ricardo et al.,2010 and Heeger et 
al.,1988). In fact, the macroscopic electrical conductivity is changed by disruption of the π–π overlapping due to 
short-range-order features as chain conformation, electron-lattice coupling and chain packing (Chance et al., 
1986).Some research groups have tried to prepare polymers with higher electrical conduction, thermal stability, 
and processing properties than PANI . Phenylenediamine (para, ortho and   meta derivates) have been employed 
to produce new conjugated polymers (Li et al.,2001). Polymerization of phenylenediamine (PDA) was 
confirmed by the FT-IR as well as UV–visible studies. 

Here we report the synthesis of p-polyphenylenediamine (pPPDA) nanofibers. The nanofibers have nearly 
uniform diameters. The synthesis is based on the chemical oxidative polymerization of p-PDA with ammonium 
peroxydisulfate as the oxidant in the presence of different concentration of phthalic acid(0.1M-0.4M)  used for 
the preparation of poly p-phenylenediamine. 

 
Experimental: 
2.1. Materials: 
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Chemical: 
p-Phenylenediamine (PDA) Mol.wt. = 108; Ammonium peroxydisulfate (APS) Mol.wt.= 228; phthalic acid 

( PhA) Mol.wt.= 166;  were used. 
 
Preparation of p-polyphenylenediamine doped: 

0.2M (21.6 gm) p-polyphenylenediamine PDA and specific molar concentrations (0.1M to 0.4M) of 
phthalic acid PhA were mixed with stirring at room temperature for 30 min. The stirring was then stopped, 50ml 
aqueous solution of 0.2M APS was added and the reaction was left for 12 hrs. The resulting PDA precipitate 
was washed with deionized water, methanol and ether several times. Finally the product was dried in vacuum at 
800C temperature for 24 hrs (Kargirwar et al., 2012). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

Expected structure of p-polyphenylenediamine blend with phthalic acid 
 

RESULTS AND DISCUSSION 
 

GPC (Gel permeation chromatography): 
Molecular weight determination was done by gel permeation chromatography (GPC); by using 

CRYETTEA instrument- Automatic cryoscope. The method is based on Avogadro-Gerhadt law 
chromatography (GPC) in THF. The weight average molecular weight Mw. of polyphenylenediamine doped 
with different concentration of phthalic acid is depicted in Table 1. 
 
Table 1: Weights average molecular weight and yield of the prepared polymers 

Samples MW. 
p- polyphenylenediamine + 0.1M PhA 22978 
p- polyphenylenediamine + 0.2M PhA 22890 
p- polyphenylenediamine + 0.3M PhA 22815 
p- polyphenylenediamine + 0.4M PhA 22783 

 
FTIR analysis: 

FT-IR characterizations were performed using a Perkin-Elmer 1650 FTIR spectrophotometer using the KBr 
technique. The FTIR spectra of PDA doped with 0.1M-0.4M concentration of PhA shown in Figure 1(a-d). For 
0.1M fig. (a), dopant concentration, a broad peak around 3420 cm-1 for NH-stretching vibration and peaks 
corresponding to imine stretching mode appear at 1636 cm-1. Similarly peak at 1568 cm-1 is assigned to the N = 
Q = N, quinonoid ring, skeletal vibrations. For 0.2M, 0.3M and 0.4M fig.(b,c,d) appears a peak at 3474 cm-1 due 
to intramolecularly hydrogen bond (single bridge compounds) and peaks at 733,754 cm-1 due to aromatic 
substitution (four adjacent hydrogen atom for phthalic).It was observed that peaks at 1568 cm-1 disappears with 
increases the concentration of phthalic acid. The peak at 1637 disappeared at 0.4M concentration (Marianovic et 
al., 2002). This observation confirmed that by increasing the phthalic concentration the expected cross linked 
polymer was formed as shown. 
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Fig. 1(a-d): FT-IR for poly-p-phenylenediamine doped with (0.1M-0.4M) of phthalic acid 
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3.3. SEM analysis: 
SEM images were analyzed by JEOL 6380-A instrument. The samples of the prepared 

polyphenylenediamine compounds were precoated with Pt before scanning. Morphological picture of 
polyphenylenediamine at 0.1 M- 0.4 molar concentration of dopant are shown in Figure 2. The SEM image of 
polyphenylenediamine doped with 0.1 M concentration of phthalic acid nanostructures reveals a well-
interconnected dense network structure of PDA nanospheres. By increase the concentration of phthalic acid 
from 0.2M-0.4M, the intramolecularly hydrogen bond interactions (single bridge compounds) was increase and 
consequently the fiber shape was appear as shown in the figure. 

 
 

 
 
Fig. 2: SEM image for poly-p-phenylenediamine doped with 0.1M -0.4 M phthalic acid 
 
3.4. Thermal stability: 

The thermal stability of the prepared samples was studied using a thermogravimetric analyzer. All TGA 
spectra were recorded under a nitrogen atmosphere up to 800°C using a programmed rate of 10°C/min. 

The TGA curves of samples exhibit a three-step weight loss. In the first step from 0- 200 oC, the weight loss 
is attributed to the loss of moisture, volatilization of solvent. It is evident from the figure 3 that the second 
step from 200-400oC is more important in the prepared samples due to the effect of formed cross-
linked which increase with increasing the concentration of phthalic acid 0.1, 0.2, 0.3 and 0.4M,  the weight 
loss appear 49%, 45.13%, 38.65% and 32.19% respectively .These results due to the degradation starts in 
the end group of the backbone in the low concentration and intramolecularly hydrogen bond (single bridge 
compounds) ,but by increasing the concentration of phthalic acid  it is expected that the degradation of 
cross-linked occurs in the backbone of the polymer which make the polymer less stable. On the contrary, 
in the third step, by increasing the temperature from 400-800oC the weight loss of the prepared compound 
are 12.39%, 29.99%, 37.135% and 44.99% respectively at 0.1, 0.2, 0.3 and 0.4M concentration of phthalic 
acid.  

From previously, it was found that increasing the concentration of phthalic acid from 0.1-0.4M allows 

forming amide link which easy to rupture with increasing the temperature as shown in table 2. 
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Table 2: TGA data of polyphenylenediamine doped with 0.1M -0.4 M phthalic acid 
Char yield % at 800  oC Prepared samples 
25.31 PDA  doped with 0.1 M PhA 
9.94 PDA  doped with 0.2 M PhA 
7.7 PDA  doped with 0.3 M PhA 
5.39 PDA  doped with 0.4 M PhA 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: TGA of polyphenylenediamine doped with 0.1M -0.4 M phthalic acid 
 
3.5. Conductivity Study: 

The samples prepared were pressed into pellets of 1.33 cm diameter and 1 mm thickness in a hydraulic 
press (Kimaya Engineers; India; Model WT-324) at five metric ton pressure. The conductivity measurements 
were carried out by a four-probe technique recorded by a Keithley electrometer type 6517 A. The pellet used in 
this measurement is placed between two copper electrodes; which were connected to the two terminal of the 
Keithley electrometer. 

Figure 4 & Table 3 show the temperature dependent conductivity of the polymer. It has been observed that 
the conductivity not affected by increasing in the temperatures, but it is affected by increasing  the concentration 
of phthalic acid from 5.34 x 10-11 in 0.1M to 6.42 x 10-7 in 0.4M  (Zuo et al.,1987 and Quillard et al.,1994). The 
increase in conductivity may be due to the increase of efficiency of charge transfer between the polymer chains 
and the dopant   (Varshney et al.,1997 and Kobayashi et al.,1993).This comparative analysis demonstrates the 
important changes of the electronic distribution around the nitrogen atom, which plays a major role in the 
conduction mechanism in this class of conducting polymers (Quillard et al.,1994). 

 
Table 3: Electrical conductivity of polyphenylenediamine doped with different conc. of phthalic acid 

Phthalic acid conc. 
Conductivity σ , Ω.Cm-1 
25oC 65oC 

0.1 M 5.34 x 10-11 7.11 x 10-11 
0.2 M 2.15 x 10-9 5.55 x 10-8 
0.3 M 3.86 x 10-8 3.75 x 10-8 
0.4 M 6.42 x 10-7 6.43 x 10-7 

 
Conclusion: 

P-Phenylenediamine (PDA) doped with different molar concentration of phthalic acid (PhA) was prepared 
by chemical oxidative polymerization. Polyphenylenediamine was confirmed by the FT-IR. The morphology of 
PDA was confirmed by scanning electron microscope (SEM); the thermal stability (TGA) and electrical 
conductivity of polyphenylenediamine was studying. It was found that the change from nanospheres to 
nanofibers was observed by increasing the concentration of phthalic acid. From TGA, it was found that 

increasing the concentration of phthalic acid from 0.1-0.4M allow to form amide link which easy to 
rupture with increasing the temperature. It has been observed that the conductivity not affected by increasing 
in the temperatures, but it is affected by increasing the concentration of phthalic acid from 5.34 x 10-11 in 0.1M 
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to 6.42 x 10-7 in 0.4M. The increase in conductivity may be due to the increase of efficiency of charge transfer 
between the polymer chains and the dopant. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Electrical conductivity of polyphenylenediamine doped with different conc. of phthalic acid 
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