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Abstract: Polyaniline substituted azo dyes were synthesized from polyaniline obtained by oxidative polymerization of aniline and 

different azo dyes obtained from 2-aminothiophene intermediates. Four different polyaniline substituted dyes were synthesized and there 

molecular weight ranges from 58,044-58,128g/mol. The melting point was observed to span from 286°C-319°C. The FT-IR bands of  

polyaniline substituted dyes showed absorption peaks in the range 3213.0-3242.8cm-1 due to the presence of an amino group,  the benzenoid 

and quinoid rings for all the polyaniline substituted dyes showed in the range 1461-1487cm-1 and 1543-1595cm-1 respectively while the 

carbon nitrogen single bond (C-N)  absorption were found in the range 1263.6-1285cm-1. The electrical conductivity measurements were 

obtained by employing a standard process using a programmable LCR meter at a frequency range of 200-100000Hz and the result  was 

determined for  polyaniline to be 5.957 x 10-3 S m-1. Thus electrical conductivity of synthesized dyes were observed to be within the range 

of 10-7-10-8 S m-1 while polyaniline substituted dyes lies within the range of 10-2-10-4 S m-1. The electrical conductivity of the dyes and 

polyanaline substituted dyes lies within the range of electrical conductivity for semiconductor which is between 10-12 - 102 S m-1.  

 

Keywords: Polyaniline, polyaniline substituted azo dyes, electrical conductivity  

 

1.0 Introduction 

Synthetic dyes and especially polymer linked dyes are of 

growing interest for technical and medical application due 

to their versatile properties and increasing environmental 

consciousness [5, 10] .  The advantages over low 

molecular compounds seem to be not only the reduced 

toxicity or the possibility of better recovery and 

reusability but also improved quality characteristics such 

as high colour fastness in textile dyeing. The applications 

of dye-containing polymers are not limited to colour 

impression in paintings or textile dyeing. The conducting 

polymers (CPs) such as polyanilines, polyacetylenes, 

polythiophenes, and polypyrroles, are promising materials 

for potential industrial applications such as 

electrorheology (ER), electronics, and optics due to their 

high electrical conductivity and good environmental 

stability [1, 4, 13]. The conductivities of these conjugated 

polymers are achieved through chemical oxidation or 

reduction reactions using a series of simple anionic or 

cationic species called dopants [3, 9]. There have been a 

number of reviews on conducting polymers with regard to 

biomedical applications. The earliest reported application 

of conducting polymers (CPs) has been used in the free-

standing polymers as sensor devices. Chemical sensors are 

analytical devices that convert the chemical potential 

energy of a targeted analyte into a proportionate 

measurable signal, usually electrical or optical. In this 

conducting polymers, polyaniline is a typical phenylene-

based polymer having a chemically flexible –NH– group 

in the polymer chain flanked on either side by a phenylene 

ring. The protonation, deprotonation, and various other 

physicochemical properties of polyaniline are due to the 

presence of the –NH– group.[12,15] 

 

2.0 Materials and Methods 

Analytical grade reagents and chemicals from Sigma 

Aldrich were used for this research work, These include; 

o-acetoacetanilide, N-(2,4-dimethylphenyl)-3-

oxobutyramide,N,N-dimethylaniline, p-N,N-

dimethylaminobenzaldehyde, malononitrile, morpholine, 

propionic acid, acetic acid, dimethylformamide (DMF), 

dimethylsulfoxide(DMSO), sodium nitrite, concentrated 

sulphuric acid, mueller hinton agar, potato dextrose agar, 

nutrient agar, Magnetic stirrer, oven, reflux condenser, 

melting point apparatus, Uv-visible spectrophotometer, 

Fourier transform infra-red spectrophotometer, GC-M, 

autoclave, incubator, compound microscope, culture 

media. 
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2.1 METHODS 

 

Synthesis of Polyaniline 

Polyaniline was synthesized according to the method of  

[8]  involving chemical oxidative polymerization of  

1.0mol (9.3ml) aniline  in an aqueous acidic medium 

containing 100ml of 1.0mol HCl solution in a 500ml glass 

bulb (equipped with a thermometer and a dropping funnel) 

and was cooled to 0°C. The polymerization was initiated 

by drop wise addition of 1.0mol (100ml) of ammonium 

persulfate as an oxidizing agent to the acidified solution 

containing the aniline monomer at room temperature 

under constant stirring for 2hrs. After completion of the 

polymerization reaction the blue-coloured  polyaniline 

was  isolated by  filtration and was washed with double 

distilled water and acetone until the filtrate becomes 

colorless to ensure the complete removal of unreacted 

reagent. The pure polyaniline synthesized by this method 

was found to be dark green in color after washing. The 

precipitate was then  allowed to equilibrate with an 

appropriate amount of (20ml) 0.1M NH3  overnight. This  

process however convert the PANI to its emeraldine base 

(EB). A free flowing powder of polyaniline was obtained 

by drying in oven at 90°C for 24hrs. 

 

N  N N
H

 N
H

1-X X

n

NH2

+   (NH4)2S2O8 + HCl

       (PANI-HCl) using HCl as the dopant      Synthesis of polyanilineScheme 1:

 

Synthesis of Aminothiophene Intermediates 

The aminothiophene intermediate was synthesized by 

following methods reported in the literature ,as shown in 

the scheme 3.3 [6]. 

 

+   + SN
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 C

O

CH2

C O

CH3

CH2

CN
Morpholine

X

1,3-dicarbonyl compound methylene nitrile

malononitrile

 N
H

 C

O
S NH2H3C

 X

2-aminothiophene intermediate

 

X

R2R1

R2

O-acetoacetanilide

N-(2,4-dimethylphenyl)-3-oxobutyramide

R1

           : Synthesis of aminothiophene intermediateScheme 2

 

 

Aminothiophene Intermediate 1. 

o-acetoacetanilide (21.16g, 0.1mol), malononitrile (6.96g, 

0.1mol) and sulphur (3.37g, 0.1mol) in ethanol were 

stirred in the presence of morpholine  (8.97g, 0.1mol) at 

60-70
°
C for 3hrs.The resulting thick dark solution was be 

cooled and stored overnight in a refrigerator, followed by 

filtration, washing with ethanol and then ethanol/water 

(1:1) solution and was dried. The light brown powder 

obtained was crystallized from ethanol. 

 

Aminothiophene Intermediate 2 

N-(2,4-dimethylphenyl)-3-oxo-butyramide (20.72g, 

0.1mol), malononitrile (6.96g, 0.1mol) and sulphur (3.37g, 

0.1mol) in ethanol were stirred in the presence of 

morpholine (8.7g, 0.1mol) at 60-70 
°
C for 3hours. The 

resulting thick dark solution was cooled and stored 

overnight in a refrigerator, followed by filtration, washing 

with ethanol and then ethanol/water solution and dried 

.The dark brown obtained powder was recrystallized from 

ethanol. 

 

2.2 Structures of Synthesized Intermediate 

 

 N

H

 C

O
S NH2H3C

CN

Intermediate 1

 N

H

 C

O
S NH2H3C

CN

Intermediate 2

CH3

CH3

Fig 1: Fig 2:
 

 

Procedure for Diazotization and Coupling 

Sodium nitrite (1.38g, 0.02mol) was added portion wise to 

10ml of concentrated  sulphuric acid at 10
°
C and heated to 

60
°
C with stirring for 15min.The solution was then cool to 

5
°
C and a mixture of acetic acid and propionic acid (17:3) 

was then added to the mixture below 30
°
C. The finely 

ground aminothiophene intermediate 1-2 (4.90g, 0.02mol) 

was added within 30min below 5
°
C and the whole mixture 

was stirred at 0-5
°
C for 2-4hrs   . The associated steps are 

illustrated in the reaction scheme 3.4. 
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: Diazotization and Coupling of 2-aminothiophene. 

+

Scheme 3

where R1 and R2
 are H or methyl group and R is the coupling component  

 

N

CH3

CH3

N,N-dimethylaniline

N

CH3

CH3

P-N,N-dimethylaminobenzaldehyde

OCH

Fig 3: Fig 4:

 

Coupling Reaction 

The coupling component, N,N-dimethylaniline, p-N,N-

dimethylaminobenzaldehyde couplers was dissolved 

separately in acetic acid and cooled to 0
°
C by adding ice. 

The diazonium solution of the intermediate 1 and 2 that 

was prepared  was then added for 30-40min with vigorous 

stirring [7]. The mixture was stirred for a further 2-3hrs, 

under 5
°
C and the p

H
 of the solution was adjusted to 4-5 

using 5ml 10% NaOH. The resulting product was  

collected by filtration, wash with water and dried. The 

crude product  was purified by recrystallizing it from 

ethanol and DMF of ratio 9:1. 
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Synthesis polyaniline substituted dyes 
The emeraldine base of hydrochloric acid doped 

polyaniline (1.0g) was dissolved in 30ml tetrahydrofuran 

(THF). The solution was allowed to cool to 0
°
C and a 

minimum amount of  BuLi (2ml) was added with stirring. 

The color of the solution changed from dark green to 

green black due to the formation of lithium salt of 

polyaniline. In a dry conical flask Dye A (0.025g) was 

dissolved in 10ml THF. The solution of the dye was then 

added to the reaction mixture obtained from previous step 

which was then stirred at room temperature for 24hrs. 

This procedure was then repeated with dye B, C and dye 

D solution. The colour of the solution turned black due to 

the formation of black precipitate. The precipitate was 

filtered and wash with acetone and alcohol to remove 

residual amount of unreacted dye, as shown in the reaction 

schemes below: 
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Scheme 4: Synthesis of polyaniline substituted  Dye A 

(Dye A-PANI) 
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Scheme 5: Synthesis of polyaniline substituted Dye A1  

(Dye A1-PANI) 

 

N  N N  N

1-X X

n

Li+ Li+  Dye-B

THF

N  N N  N

1-X X

n

N

H

C

O

S
NH3C N

CN

N+

CH3

CH3

N

H

C

O

S
NH3C N

CN

N+

CH3

CH3

CH3

CH3

CH3

CH3

 
 

Scheme 6: Synthesis of polyaniline substituted Dye B  

(Dye B-PANI) 
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Scheme 7: Synthesis of polyaniline substituted Dye C 

(PANI-Dye C 

 

Characterization of the Intermediates, Dyes and 

polyaniline substituted azo dyes 

The physicochemical properties of the intermediates, 

synthesized dyes and the dye-substituted polyaniline were 

carried out and spectroscopic properties such as FT-IR 

and GC-MS.  

 

Electrical Conductivity 
The electrical conductivity measurements were obtained 

by employing a standard process of  [2]. A known amount 

of sample was pressed into pellets using a Carver 

Laboratory press. These pellets were then utilized for the 

measurement of the conductivity of the materials. The 

thickness and diameter of the sample pallet were 

measured using a micrometer screw guage. The pellet 

thickness of about 2.45mm and the sample cell diameter 

of about 3.89\cm were held constant for the electrical 

resistance measurement at a frequency range of 200-

100000Hz using a programmable LCR meter and the 

result obtained was used to calculate the electrical 

conductivity of the samples using the relation below:    σ = 

l/ RA. Where σ is the electrical conductivity, l is the 

thickness of the dye pellet (l = 2.45mm), R is the electrical 

resistance of the dye pallet and A is the cross-sectional 

area of the dyes. But       where r is the radius of 

sample pellet obtained from the diameter of the sample 

pellet ( i.e r  = d/2) but d = 3.89cm hence r = 

1.945cm.Hence :A = 3.142 x (1.945 x 10
-2

)
2
 A=1.1886 x 

10
-3

m
2
 Therefore: σ = 2.45x 10

-3
/R (1.1886 x 10

-3
), where 

R is the resistance value of the synthesized compound 

measured at different frequency using LCR-meter 

 

 

 

 

 

 

 

 

3.0 RESULT AND DISCUSSION 

      

 

The results from Table 1 shows that the percentage yield 

of the synthesized polyaniline is 80.12% due to the 

acceptable amount of oxidant (r = 1). Also, the percentage 

yield of 87, 75.08, 63.16 and 70% were observed for 

polyaniline substituted Dye A, A1, B and Dye C  

respectively. The result from Table 4.3 also showed the 

melting point 290-298°C for polyaniline. However, 

polyaniline  substituted dye B- was observed to have the 

highest melting point of 314-319°C, this can be attributed 

to the polymer stability with increase in relative molecular 

weight. 

 

The Infra-Red Absorption of the Synthesized 

Polyaniline and Polyaniline Substituted Dyes 

The vibrational frequencies of the synthesized polyaniline 

and  polyaniline substituted dyes are shown in Table 4.6: 

Table 2 shows the IR-vibrational frequencies of the 

synthesized polyaniline and polyaniline substituted dyes 

which indicates a band 797 and 764cm
-1

 as the 

characteristics of the p-substituted chains for the 

polyaniline. The band 1479 and 1584cm
-1

 are related to 

the stretching of the C-N bonds of the benzenoid and 

quinoid rings, respectively, while the broad band 

3220.4cm
-1

 is assigned to the N-H stretching vibration of 

amine group and the peak C-H-stretching vibration is  

2922.2 and 2780cm
-1

. However, the IR-vibrational 

frequencies of the dyes-substituted polyaniline shows an 

absorption peaks due to stretching frequency of the NH 

group in the region 3213-3242.8cm
-1

. An absorption peak 

in the region 1461-1487 due to the presence of C-C stretch 

of the benzeniod ring while 1580-1595cm
-1

 was due to the 

presence of C=C stretch of the quinoid rings and the 

absorption peak in the region 1263-1285cm
-1

 which is 

attributed to VC-N stretching. Comparing to polyaniline 

some shifted band in the spectra of polyaniline substituted 

dyes were observed [14] as shown  in Table 2. 

 

 

 

 

 

 

 

Table 2.0: IR-Vibrational Frequencies of Synthesized Polyaniline and 
Polyaniline Substituted Dyes 

 

          

 

Observed Frequencies of Synthesized Polyaniline and 

Polyaniline Substituted Dyes  (cm-1) 

  

   Vibrational 

Mode PANI 

Dye A-

PANI 

Dye A1-

PANI 

Dye B-

PANI 

Dye C-

PANI 

Para-
substituted 797, 764 790 764 790 

797, 
765 

Benzenoid 

ring 1479 1461.1 1487 1461.1 1479 
Quinoid 

ring 1584 1580.4 

1595, 

1543 1580.4 1580 

C-H- 
Stretching 

2922.2, 
2780 2877.5 2922.2 2877.5 2952.1 

N-H- 

Stretching 3220.4 

3213.0, 

3056.4 3220.4 

3220.4, 

3052.7 3242.8 

C-N- 

Stretching 

1289, 

1118.2 1282.2 

1263.6, 

1230 1282.2 

1285, 

1140 
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Table 3: GC-MS Fragmentations of the Synthesized Dyes and Intermediates 

Dyes/Intermediate  Mass (m/z)  
 

  

Intermediate 1  (C6H5SN2)
+ = 140 (C7H7NO)+ = 123  

 

Intermediate 2  
(C7H5N2SO)+ = 165, (C8H10N)+ = 
117   

Dye A  
(C6H6N)+=81.1, (C7H3N3SO)+ = 

177, (C8H11N)+  = 129   

Dye B  
(C8H10N3)

+ = 149, (C7H4N2SO)+= 
179, (C8H9)

+ = 91  
 

  

 

Thus intermediate 1 and 2 showed intense molecular ion 

peaks at m/z 259   and 282  , consistant with the 

molecular formulae C13H11N3OS and C15H15N3OS 

respectively. The molecular ion of the intermediate 1 

shown in Table 3 underwent fragmentations to produce 

peaks at m/z 139 and 123 corresponding to its molecular 

mass. While the intermediate 2 underwent fragmentation 

to produce peaks at m/z 117 and 165  respectively. 

However,  Dye A and B showed molecular ion peaks at 

m/z 394.2   and 414.6 3, consistant with the molecular 

formulae C21H19N5OS and C23H23N5OS respectively. 

 

Electrical Conductivity of the Synthesized Dyes and 

Polyaniline Substituted Dyes 

The electrical conductivity of the synthesized dyes and 

polyaniline substituted dyes with change in frequency at 

60 Hz are shown in Table 4.10 and Fig 1 

 

Table 4: Electrical Conductivity of the Synthesized Dyes and 

Polyaniline Substituted Dyes at 60 Hz. 

Samples  
  

Electrical Conductivity (S/m) 

PANI 5.96E-03 

Dye A 5.53E-07 

Dye A1 5.42E-08 

Dye B 2.61E-07 

Dye C 5.85E-07 

Dye A-PANI 4.46E-02 

Dye A1-PANI 4.17E-03 

Dye B-PANI 5.13E-04 

Dye  C-PANI 

  
1.12E-04 

 

 
 

Fig 5: Electrical Conductivity of the Synthesized Dyes and 

Polyaniline Substituted Dyes at 60 Hz 

 

 

 
 

Fig 6: Electrical Conductivity of the Dyes and Polyaniline 

Substituted Dyes 

 

Fig 6: Electrical Conductivity of the Synthesized Dyes 

and Polyaniline Substituted Dyes with Change in 

Frequency. 

Fig 6 shows the variation of electrical conductivity of the 

synthesized dyes and polyaniline substituted dyes with 

change in frequency and the result obtained shows that 

polyaniline, dye A, dye A1 and dye C have relatively 

stable electrical conductivity with the frequency change. 

However, Dye B, Dye C-PANI and Dye B-PANI were 

observed to be relatively stable with frequency change but 

decreases at a higher frequency of 20,000 Hz and 10,000 

Hz respectively. The observed relative stability of the 

electrical conductivity of Dye B, Dye C-PANI and Dye B-
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PANI over the frequency range may be ascribed to the 

fact that at low frequencies the materials may have had 

time for both fast dipole polarizations to occur as well as 

slower segmental polarization to occur, thus influencing 

the electrical behavior of the material. This may also be 

linked to the ability of the electrons within the molecules 

of the synthesized compound to respond to the applied 

current [17]. Comparison of the electrical conductivity of 

the samples at 60 Hz as shown in Table 4.11 shows that 

the electrical conductivity of polyaniline is 5.957 x 10
-3 

S 

m
-1

. The electrical conductivity of synthesized dyes was 

observed to be within the range of 10
-7

-10
-8

 S m
-1

 and 

polyaniline substituted dyes lies within the range of 10
-2

-

10
-4

 S m
-1

. The electrical conductivity of the dyes and 

polyanaline substituted dyes lies within the range of 

electrical conductivity for semiconductor which is 

between 10
-12

 - 10
2
 S m

-1 
[15]. However, polyaniline 

substituted Dye A was observed to have the highest 

electrical conductivity of 4.46 x 10
-2 

S m
-1

 at 60 Hz. This 

can be attributed to the fact that all the dye moieties do not 

have continuous conjugation and hence have electrical 

conductivity lower than the doped polyaniline and 

polyaniline substituted dyes. However, due to the 

substitution of the dye on the polyaniline backbone, 

conjugation of the polyaniline substituted dyes extend in a 

continuous manner resulting in their high electrical 

conductivity value ranging from 10
-2

 - 10
-4

 S·m
-1

 which is 

in agreement with the work of [10] whose conductivity 

value for basic dyes-substituted polyaniline was 10
-3

 S·m
-

1
. Thus, the electrical conductivity value of synthesized 

polyaniline was in agreement with literatures [10, 16. It 

was pointed out by Fariz and Carolin et al that the 

synthesis of polyaniline lead to an effective site-selective 

interactions between the quinoid ring of the polyaniline 

and the dyes which facilitates charge transfer processes 

between the two components thereby resulting in an 

enhance electrical conductivity of all the polyaniline 

substituted dyes. Hence, as a result of the degree of 

conjugation and presence of positive charge in form of 

quaternary ammonium cation, electrical conductivity of 

the polyanilines substituted dyes increases when 

compared to acid doped polyaniline and the dyes 

individually 

 

Conclusion 

Different polyaniline substituted dyes were synthesized by 

the substitution of the dyes moieties on the polyaniline 

backbones. Their physicochemical properties were 

assessed and spectroscopic analysis such as Fourier 

Transform Infra Red Spectrometry, and GC-MS were 

used to elucidate the structures. The electrical 

conductivity was carried out using programmable LCR 

meter at a frequency range of 200-100000 Hz and the 

result shows that the  electrical conductivity of 

synthesized polyaniline substituted dyes lies within the 

range of 10
-2

-10
-4

 S. m
-1

. Therefore the electrical 

conductivity of the synthesized polyanaline substituted 

dyes were observed to lies within the range of electrical 

conductivity for semiconductor of 10
-12

 – 10
2
 S.m

-1
. 
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