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Abstract: Tetraaniline (TPANI) nanostructures have been synthesized by using ammonium 

persulphate as oxidant via in situ chemical oxidative polymerization monomer in presence of 

organic carboxylic acid. The organic carboxylic acid can act as both dopant as well as surfactant for 

synthesis of TPANI nanostructures. The resulting TPANI nanostructures have been characterized by 

x-ray diffraction, UV-Visible spectroscopy, Fourier transform infrared spectroscopy, scanning 

electron microscopy and transmission electron microscopy. Spectroscopic results indicated 

formation of TPANI nanostructures. The morphology of TPANI was found to be dependent on the 

molar ratios of monomer to organic carboxylic acid.  
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Introduction 

Over the past decade intrinsic conducting polymer nanostructures have attracted attention 

due to their potential applications in photovoltaic cells, field effect transistors, light emitting 

diodes, electrochemical devices, chemical and biological sensor
1-5

. Among intrinsic 

conducting polymers, polyaniline (PANI) is considered as one of the most promising 

materials due to its relatively facile synthesis, high electrical conductivity, unique proton 

dopability, low cost, redox recyclability, good chemical and environmental stability
6
 and 

potential technological applications such as molecular electronics, light emitting diodes, 

sensors, actuators, solar cells, light weight batteries and antistatic and anticorrosion 

coatings
7
. 

 More recently, nanostructured PANI with different morphology including nanotubes, 

nanorods, nanofibers and nanowires have received great attention over its bulk counterpart 

due to their high surface-to-volume ratio and low dimensionality. PANI nanostructures have  
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been widely prepared by many research groups varying the synthetic methods such as 

emulsion polymerization, interfacial polymerization, plasma polymerization, enzymatic 

polymerization, self-assembly, electrospinning and rapid mixing polymerization in the 

presence of specific structure directing materials such as zeolite channels, porous 

membranes, surfactants, polymers and bulky organic acid dopants
8-10

. However, the soft-

template method using structure directing agents in the form of surfactants and bulky 

organic acids has the advantage in preparing large quantities of PANI nanostructures over 

hard-template method due to it is very difficult to retain ordered PANI nanostructures as 

harsh experimental conditions are required for the removal of hard templates
11

. In soft 

template technique, the external dopant bulky organic acid forms complex with monomer 

via the acid-base chemistry and, as a formed complex, acts as a soft template for the growth 

of the TPANI nanostructures. 

 The oligomers of PANI such as tetraaniline, octaaniline and hexadecaaniline etc., have 

been investigated theoretically and experimentally as model system for PANI due to their 

solubility in common solvents, well-defined structure, designed end group and 

monodispersed molecular weight and similar electrical and chemical properties that of 

PANI. Despite these advantages of oligomers of PANI, a very little emphasis is given on the 

synthesis of the nanostructures of PANI oligomers. Among the PANI oligomers, tetraaniline 

(TANI) has received great attention because it is soluble in common solvents and exhibits 

similar electroactivity as PANI. The most useful form of PANI is emeraldine (EBPANI), 

which has ca. 50% amine and ca. 50% imine nitrogen, in which one of its four rings is 

quinoid, the remaining three being benzenoid. TANI is a perfect model compound for PANI. 

 In this paper, we have reported a simple and straight forward synthesis of TPANI 

nanostructures by in situ self-assembled method in presence of benzene tetracarboxylic acid 

(BTCA) as a dopant as well as structure directing agent for formation of TPANI nanostructures. 

The effect of molar ratio of monomer to BTCA on the morphology was investigated. 

Experimental  

N-Phenyl-1, 4-phenylediamine (NPPD), ammonium persulphate [APS, (NH4)2S2O8)] and 

benzene tetracarboxylic acid (BTCA) were purchased from Sigma Aldrich and used as 

received without any further purification. All chemicals are of analytical grade. All the 

required solutions were prepared using Milli-Q water with resistance greater than 18 MΩ 

was obtained from a Millipore Milli-Q system. 

Synthesis 

In a typical experimental procedure, 0.02 M solutions of NPPD and 0.02 M BTCA were 

dissolved individually in 10 mL of Milli-Q water and then both the solutions were mixed 

together in a 150 mL round bottomed flask with constant stirring  for an hour at room 

temperature. Then the reaction mixture was allowed to cool to 0-5 
o
C by using an ice-water 

bath. Then, a pre-cooled solution of 0.02 M aqueous ammonium persulphate was added drop 

wise to the above under vigorous stirring. Over the course of the reaction, the colour of the 

reaction mixture slowly turns from a colourless to light blue and eventually to dark green 

which indicate the formation of BTCA doped TPANI. The reaction was allowed to proceed 

for 24 h at 0-5 
o
C before allowing it to attain room temperature to yield BTCA doped 

TPANI. The final product was centrifuged and washed several times with water and 

methanol and then dried under vacuum at a room temperature for 12 h. The same method 

has been adopted for preparation of all BTCA doped TPANI, except for varying the molar 

ratio of NPPD to BTCA from 1:1 to 1:5 for samples 1 to 5 respectively. 
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Characterization 

Phase indication of these samples was done by x-ray diffractometer (Siemens AXS D5005 

x-ray diffractometer with Cu-Kα radiation). Morphology was investigated by scanning 

electron microscope, Transmission electron microscopy (TEM, FEI Tecnai G2 S-Twin with 

accelerating voltage200 kV). FTIR spectra were recorded over the range of 400-4000 cm
-1

 

using a Perkin Elmer SPECTRUM 1000 FTIR Spectrometer to characterize the chemical 

structure of polymer. The powder samples were mixed thoroughly with potassium bromide 

(KBr) and pressed into transparent pellets. For UV-Visible absorption spectra the samples 

were dissolved in dimethylsulphoxide (DMSO) and spectra were recorded on a Shimadzu 

UV-Vis spectrophotometer, UV-2600. Thermogravimetic analysis was carried out using 

TGA, Cahn TG131 system with a heating rate of 20 ºC per minute under N2 atmosphere. 

Results and Discussion 

The polymerization was performed in aqueous solutions containing NPPD, dopant acid BTCA 

and ammonium peroxydisulfate (APS). Synthesis of TPANI nanostructures is based on in situ 

chemical oxidative polymerization of NPPD in an acidic environment with ammonium 

persulphate as an oxidant in the presence of BTCA. The dopant acid, BTCA acts as soft-

template due to its hydrophilic group (-COOH) and hydrophobic group, BTCA easily forms 

micelles in an aqueous solution and this act as surfactant also. With progressive polymerization, 

growth of tube is controlled by elongation process. The presence of excess BTCA prevents the 

formation of larger particles via steric hindrance and thereby producing TPANI nanostructures. 

 The absorption spectra of TPANI prepared at different molar ratios of NPPD to BTCA 

are presented in Figure 1, which are in complete agreement with spectra previously reported 

in literature
12

. The absorption spectra show three bands at 278, 343 and 625 nm. Absorption 

peaks at 343 and 625 nm were assigned to π →π * transition of benzenoid rings in the 

TPANI chain
 
and the transition caused by inter chain charge transfer from two adjacent 

benzenoid ring to the quinoid ring of TPANI chain
 
respectively. Sharp peak at 278 nm 

ascribed to the π →π * transition in the benzenoid rings of PSS confirms the presence of 

PSS in the nanocomposites. 

 

 

Figure 1. UV-Visible spectra of TPANI prepared at different molar ratios of NPPD to BTCA 
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 FTIR spectra of TPANI prepared at different molar ratios of NPPD to BTCA were 

depicted in Figure 2. All the peaks were in good agreement with those reported in literature
13-15

. 

The bands at 3160, 1590 and 1493 cm
-1

 were assigned to N-H stretching vibration, C=C 

stretching of quinoid phenyl and benzenoid phenyl rings, respectively. The band at 1398 cm
-1

 

was due to stretching frequency of B-N=Q moiety (B refers to benzenoid and Q refers to 

quinoid ring). The presence of this peak confirms that the TPANI is doped with BTCA.
 
The 

band at 1301 cm
-1

 was assigned to C-N stretching vibrations of the 1, 4- disubstituted 

benzene ring of TPANI.  

 
 

Figure 2. FTIR spectra of TPANI prepared at different molar ratios of NPPD to BTCA 

 BTCA doped TPANI nanostructures were prepared at five different molar ratios of 

BTCA to NPPD prepared in a large quantity by chemical oxidation of NPPD using APS as 

an oxidant in the presence of BTCA. In order to investigate the effect of the concentration of 

the NPPD to dopant acid on the morphology of the obtained TPANI, SEM images were 

carried out in detail. 

 SEM images of TPANI prepared with different molar ratios NPPD to BTCA were 

presented in Figure 3 SEM image of TPANI prepared with 1:5 molar ratio of NPPD to 

BTCA is depicted in Figure 3(d) shows nanorod like morphology. Morphology for other 

TPANI prepared with molar ratios of NPPD to BTCA equal to 1:1, 1:3 and 1:4 were 

presented in Figure 3(a-c) which do not show formation of tubes. Hence, morphology of 

composites seems to be critically dependent on molar ratio of NPPD to BTCA.  
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Figure 3. SEM images of BTCA doped TPANI prepared at (a) 1:1, (b) 1:3, (c) 1:4 and (d) 

1:5 molar ratios of NPPD to BTCA  

 Transmission electron microscopy (TEM) image of TPANI prepared at 1:5 molar ratio 

of NPPD to BTCA is displayed in Figure 4, shows TPANI rods like structure with diameter 

of 15-25 and length of few hundred nanometres.  

 

Figure 4. Transmission electron microscopy image of TPANI prepared at 1:5 molar ratio of 

NPPD to BTCA 

 
 

Figure 5. TGA of TPANI prepared at (a) 1:1, (b) 1:2, (c) 1:3, (d) 1:4 and (e) 1:5 molar ratios 

of NPPD to BTCA 
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 Thermal behaviour of TPANI was investigated by thermogravimetric analysis (TGA).  

As shown in Figure 5, the composite exhibit three steps of weight losses. TG curve shows a 

continuous weight loss up to 275 
o
C is ascribed to the removal of water, excess of unbound 

BTCA and other volatiles in composites. Weight loss in temperature range of 275-500 
o
C, is 

due to the degradation of the bound BTCA and decomposition of TPANI itself. In the third 

weight loss region is (500-840 
o
C) due to decomposition of TPANI chain. 

Conclusion 

In conclusion, we have demonstrated a simple, reproducible and in-situ self-assembly 

process for synthesis of BTCA doped TPANI using APS as an oxidant in the presence of 

BTCA. SEM and TEM results revealed that PANI tubes like morphology. Morphology of 

TPANI is critically dependent on the molar ratios of NPPD to BTCA. Spectroscopic results 

clearly shows the successfully formation of TPANI. TGA results indicated that dopant 

BTCA enhanced the thermal stability of TPANI. 
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