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Abstract: A novel nanostructured poly (m-toluidine-co-3-

aminobenzoic acid) copolymer has been prepared using 

dodecylbenzenesulphonic acid as surfactant and ammonium 

persulphate as oxidant at different monomer concentrations. The 

synthesized copolymer was soluble in solventslike  DMSO, NMP, 

DMF and THF. The copolymers were subjected various 

analytical characterization methods such as electronic 

spectroscopy, FTIR spectroscopy, X-ray diffraction method, 

scanning electron microscopy and electrical conductivity. The 

UV-visible spectra reveals the π – π* and n-π* transitions at 313 

nm and 517 nm respectively. FTIR absorption bands confirm 

benzenoid and quinoid rings in the copolymer chain. The X-ray 

diffraction study reveals that the copolymer is amorphous in 

nature. The DC electroactive nature of the copolymer is found to 

be 10-9 to 10-10 S/cm.The synthesized copolymer will show a 

change in resistance when exposed to the humidity and ammonia 

vapor sensors. 
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I. INTRODUCTION 

Electro active polymers are special type of polymers 

which possess remarkable optical and electrical properties 

which led to great industrial revolution in the field of 

optoelectronics. Advantages of these conjugated polymers 

are the excellent environmental stability, easy synthesis, 

tunable optical and electronic properties etc. The properties 

of the electroactive polymers can be altered with some 

changes in its oxidation and protonation states. These 

conducting polymers are used in fabricating sensors 

[1],LEDs [2], solar cells [3], rechargeable batteries [4], 

conductive coatings [5]electromagnetic shielding [6] 

electrochromicdevies [7]. Hompolymers of polyaniline, 

polythiophene and polypyrrole are the commonly studied 

electroactive polymeric materialsduring the past three 

decades [8-11]. However these conjugated polymers were 

not soluble in common organic solvents and so the 

application perspectives are much limited. The 

delocalization nature, polarizability andrigidness of the to 

poor solubility. In order to improve the application 

perspectives, 
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Copolymerization method has been introduced material 

lead for improving the solubility without affecting the 

conductive nature [12-13]. Copolymerization is a method of 

synthesizing polymers by mixing two different monomers 

under specific chemical and physical conditions. The 

conjugated copolymers have more advantages than the 

conventional polymers because of good solubility and 

notable electrical conductivity [14]. Introducing the 

functional groups such as methyl, bromine, carboxylic acid 

groups at1 2 and 3 positions of the benzene ring of aniline 

inhibits inter-chain interaction and degree of cross linking 

and results in short chain flexible polymers lead to increase 

in solubility in common organic solvents[15].These 

conjugated polymers can be oxidized and reduced using 

dopants for better activity. The doping in conjugated 

polymer means by adding external molecules into the 

material.Themorphology of the synthesized polymer greatly 

depends on the concentration of the monomers, surfactant 

concentration and the surfactant chain length. Reverse 

micro-emulsion is also a possible mechanism to prepare 

micro and nanostructures of conducting polymers through 

surfactants acting as soft templates[16].  Dodecylbenzene 

sulfonic acid (DBSA) contributes an importantposition in 

conducting polymer area  making the insoluble polymer salt 

into more soluble and processable.DBSA acts as a good 

micelle and a very good dopant molecule[17-18]. 

Synthesizing nanostructured conducting polymers has 

attracted many researches due to its remarkable and unique 

morphology and structures. There are many methods 

available to synthesize nanostructured conducting polymer 

such as electrospinning[19], seeding polymerization[20] and 

template polymerization method [21].  In hard template 

method, the polymer nanostructures are formed in 

ananodimensional porous membrane which are fixed 

template. The synthesized nanostructures may get 

disruptedduring the post treatment methods. The most 

preferable method is the soft template method also called 

templatelessmethod in which the polymerization takes place 

within the mesostructures which are formed hydrogen 

bonding, van der Waals force and other chemical bonds.  

Some of the soft templates are liquid crystals, micelle, gas 

bubbles and interphase of block copolymers [22]. In our 

work we highlightthe preparation method ofnovel 

nanostructured conducting copolymer using soft template 

method and its optical and electrical properties. 
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II. MATERIALS USED AND TECHNIQUES 

A. Preparation of the Copolymer 

The copolymer was synthesized using the following 

procedure. Initially 0.326 g of DBSA was dissolved in 80 

mL of purified water. 0.5358 g of m-toluidine and0.685 g of 

3-aminobenzoic acid were added and allowed to stir well. 10 

mL of 1M HCl solution is added. Then 10 mL of 2.28 g of 

APS solution was passed in drop wise to initiate the 

polymerization reaction. The reaction temperature is 0 and 

5°C for 24 hours. The obtained green precipitate is filtered 

and purified with acetone. The samples are dehydrated in 

vacuum oven for 6 hours at 40°C. The above said procedure 

was for 3:3 monomer ratio. Similar procedure was followed 

to synthesize the 3:1 and 3:2 ratio of m-toluidine and 3-

aminobenzoic acid respectively. 

B. Instrumentation 

The UV-Visible spectra of the dissolved samples were 

characterised using ELICO SL-218 double beam 

spectrophotometer in the range of 300 to 900 nm using 

NMP as solvent. The Fourier Transform Infra Red spectra of 

the copolymers were measured by using SHIMADZU 

8400S, Bruker Tensor 27 Nicolet Magna 560 

spectrophotometer in the region of 4000 – 400 cm
-1

 using 

potassium bromide as pellets. The X-ray diffraction results 

were recorded using Philips X’pert Pro X-ray diffractometer 

with Nickel filtered Cu Kα radiation (λ = 1.5402 Å) and 

Shimadzu 6000B diffractometer with Ni-Cu Kα-radiation 

with the operation of 40kV. The analysis was carried from 

10˚ to 90˚. The surface morphology was studied using 

scanning electron microscopy by HITACHI-SU 6600L 

instrument operative at 25 kV. The electrical conductivity 

was measured using Keithley 6517 B electrometer. The 

pelletized samplesof diameter of 1.3 cm and thickness of 

1.10 to 1.55 mm were prepared. 

The reaction scheme ofpreparing DBSA aided poly (m-tol-

co-3-ABA) copolymer is shown in the Figure 1. 

 

 

 

Figure 1  Synthesis of DBSA doped poly (m-tol-co-3-

ABA) copolymer 

III. RESULTS AND DISCUSSION 

A. Solubility 

The solubility test has been carried out for the DBSA 

doped poly (m-tol-co-3-ABA) copolymer and it has been 

found that the synthesized samples are soluble in various 

solvents likeDMSO, DMF, NMP and THF.And insoluble in 

acetone and water. The increase in the solubility is due to 

bulky functional groups such as methyl group and 

carboxylic acid attached to the aromatic ring in the 

copolymer[23]. The presence of the large dopant molecule 

such as DBSA reduces inter and intra molecular interactions 

in the copolymer and litheness property gets increased [24]. 

 

B. Absorption Spectra 

The electronic spectra for DBSA aided poly (m-tol-co-3-

ABA) copolymer for different ratio between m-toluidine and 

3-aminobenzoic acid is shown in the Figure 2. The 

absorption wavelength are show in the table 1. All the 

spectra were recorded using NMP as solvent. Figure 2 

depicts characteristic absorption peaks at 313, 314 and 316 

nm and these peaks are associated with π – π* transition that 

occurs in the benzenoid ring. It is seen that as the 

concentration of the m-aminobenzoic acid is increased the 

absorption peak shifted to the higher wavelength. A small 

peak around 393 nm to 402 nm is observed and these are 

associated with π - polaron band transition. These polaron 

states may be associated with new restricted electronic 

states. This energy level gives unstabilized bonding orbital 

and it has more energy than that of the valence band. Figure 

2 also depicts the weak absorption band around 571 to 513 

nm and these bands are associated with the excitonic 

transition that occurs from highest occupied molecular 

orbital to the lowest unoccupied molecular orbital. These 

peaks also show shift to higher wavelength in the absorption 

peak as the increase of aminobenzoic content.

 

Figure 2 UV-Vis spectra of DBSA doped poly (m-tol-co-

3-ABA) 

It is also observed that there is a small π – polaron transition 

occurs and this is associated with formation of new 

delocalized electrons. The broad peak centered around 565 

to 580 nm is associated with the transition of n – π* 

transition that occurs in the quinoid ring. The excitonic 

transition peak also shifts to the lesser wavelength or blue 

shift [25] and this is due to the reduction in the charge 

density and extent in conjugation. These extended 

conjugations of π orbits are responsible for the conductivity 

and co-planarity of the atoms in the π-electron 

delocalization with maximum resonance interaction. 
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Table 1.UV-Visible absorption values of doped poly (m-

tol-co-3-ABA) 

Sl. 

No. 

Electronic 

transition 

Wavelength (nm) 

Poly(m-tol-co-3-ABA) 

DBSA copolymer 

3:1 3:2 3:3 

1. π – π* benzenoid  

ring transition 313 314 316 

2. Polaronic band 393 399 402 

3. n - π* quinoid  ring 

transition 
571 572 573 

C. FTIR Spectra 

The FTIR spectra of doped poly (m-tol-co-3-ABA) 

copolymer for different ratios of m-toluidine and 3-

aminobenzoic acid are depicted in figure 3 and the 

corresponding band values are shown in the Table 2. The 

spectra reveal characteristic peaks at 3419, 3031, 2945, 

1708, 1591, 1490, 1290, 1151 and 817 cm
-1

. The band at 

3419 cm
-1

represents nitrogen-hydrogen stretching of the 

amine group in the toluidine and aminobenzoic acid. The 

peak at 3031 and 2945 cm
-1

 confirm the C-H stretching in 

aromatic and DBSA unit, respectively.  

The presence of carboxylic acid is confirmed with C=O 

stretching peak appeared on 1708 cm
-1

. The formation of 

quinoid and benzenoidmoiety in the copolymer is confirmed 

by the peak values at 1591 and 1490 cm
-1

.  The peak at 1290 

cm
-1

 is attributed to the presence of Carbon-Nitrogen 

stretching. The characteristic Carbon-Hydrogen vibration in 

quinoid ring which is responsible for the electron 

delocalization is observed 1151 cm
-1

 and the peak at 817 cm
-

1
 confirms carbon-hydrogen out of plane bending[26].   

 

Figure 3 FTIR Spectra 

Table 2 FTIR band values of DBSA doped poly (m-tol-

co-3-ABA) copolymer 

Sl. 

No 

Stretching 

vibration 

Wave number (cm
-1

) 

Poly(m-tol-co-3-ABA)  DBSA 

copolymer 

3:1 3:2 3:3 

1. N-H stretching 3419 3423 3427 

2. 
C-H stretching of 

Aromatic ring 
3031 3038 3048 

3. C-H stretching 2945 2944 2919 

4. 
C = O stretching of 

carboxylic acid 
1708 1708 1701 

5. C=C quinoid 1591 1585 1587 

6. C=C benzenoid 1490 1490 1490 

7. C-N stretching 1290 1288 1300 

8. 
C-H stretching in 

quinoid 
1151 1155 1153 

9. 
C-H out of plane 

bending 
817 815 817 

D. XRD Analysis 

The X-ray diffraction results of DBSA aided poly (m-tol-

co-3-ABA) copolymer is illustrated in the Figure 4 for the 

different molar ratios of m-toluidine and 3-aminobenzoic 

acid. The diffraction patterns show a peak revealing the 

amorphous character [28]. The amorphous character is due 

to the weak intermolecular force of attraction and random 

arrangement of the copolymer chain. Also the presence of 

substituted groups and chain length makes a polymer 

amorphous and they are unable to crystallize. 

 
Figure 4X-Ray Diffraction Results 
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It is observed from the Figure 4 as increase of 3-

aminobenzoic acid content in the feed, the peak intensity at 

20° is also decreasing and the copolymer shows more 

amorphous in nature. It reveals a broad amorphous 

characteristic peak at 2θ = 20 to 25°.  This is because of the 

periodicity parallel and perpendicular arrangement of 

molecules in the polymer chain [28]. 

E. Morphological Studies 

Figure5 (a & b) illustrates the SEM pictures of doped 

poly (m-tol-co-3-ABA) copolymer 3:3 ratio at different 

magnifications. The microscopic image shows large number 

spherical particles are agglomerated to each other and the 

size each particles ranges from 100 to 200 nm. Each particle 

consists of huge curled polymer chains resulting in spherical 

shape. This spherical morphology is formed because of 

DBSA molecule. At first, polymerization occurs over the 

surface of the micelle. The morphology of the polymer 

solely lies on the concentration of the dopant used and 

micelle shape[29]. Higher magnification shows cluster of 

particles agglomerated each other. During polymerization 

process the individual particle grains are formed and further 

polymerization process makes the each particle to attach 

with another particle to give cluster appearance. Again the 

cluster are merged together to give continuous phases of 

solid structure with hallow spaces in between them. 

  

(a) (b) 

Figure 5(a & b) SEM imafe of DBSA doped poly (m-tol-

co-3-ABA) (3:3) 

Table 3 DC conductivity values of DBSA doped poly (m-

tol-co-3-ABA) 

Copolymer and its molar ratio 
Conductivity 

S/cm 

Poly(m-tol-co-3-ABA) DBSA 3:1  2.5 × 10
-9

 

Poly(m-tol-co-3-ABA) DBSA 3:2 3.91 × 10
-10

 

Poly(m-tol-co-3-ABA) DBSA 3:3 4.55 × 10
-9

 

F. Conductivity Studies 

The electrical conductivity values of DBSA doped poly (m-

tol-co-3-ABA) copolymer for different molar ratio between 

m-toluidine and 3-aminobenzoic acids are shown in the 

Table 3. It is found that the electrical conductivity value is 

found to vary from 2.5 × 10
-9

 to 3.91 × 10
-10

 S/cm.  The 

lower electrical nature of the DBSA aided copolymer is 

dueto the presence of the bulky substituents such as methyl 

group, nitrogen and carboxylic acidic group in the 

polymermolecule and also incorporation of DBSA makes 

the material to be more amorphous nature resulting in 

decreased conductivity.   

IV. CONCLUSION 

A new copolymer series of poly (m-toluidine-co-3-

aminobenzoic acid) polymer materials has been prepared 

successfully in presence of dodecyl benzenesulfonic acid 

and its properties were studied. The synthesized material 

was soluble in organic solvents. The synthesized 

copolymers showed the characteristic absorption peaks in 

UV-visible spectra. FTIR spectra revealed the absorption 

bands and confirmed benzenoid and quinoid rings. X-ray 

diffraction results indicate non-crystalline nature. SEM 

image shows the agglomerated particles which are about 

100 to 200 nm in diameter. The electrical conductivity 

ranges 10
-9

 to 10
-10

 S/cm. The synthesized materials will 

showsome change in resistivity when exposed to ammonia 

gas or water vapor and these materials can be used in the 

field of sensors. 
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