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Abstract 

 

Aniline is well known to be polymerized by protonic acid such as chlorhydric acid (HCl﴿. The cationic polymerization 

of ANI was examined in the presence of Mag-H
+
 (eco-catalyst layered) powder in bulk at 0°C. In this paper, polyaniline 

(PANI)/Na
+
-maghnite (Mag) clay nanocomposite materials have been successfully prepared for the heterogeneous 

polymerization of aniline. The prepared samples were subsequently characterized by FTIR spectroscopy, 1H-NMR 

spectroscopy and gel permeation chromatography (GPC). It should be noted that the nanocomposite coating containing 

1wt. %, 3wt. %, and 5wt. % of clay loading was found to exhibit an observable structure, physicochemical properties 

and controlled molecular weight. Oxidation states of PANI were found to influence the gel content molecular weight 

distribution,solubilite and conductivity of homopolymer produced, conformation and configuration of the polymer 

molecules. 
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1 Introduction 

One of the most studied pairs in conducting polymer/layered inorganic solid nanocomposite are the nanocomposites 

composed of polyaniline (PANI) chains confined in the galleries of layered silicates with the unique characteristics 

mentioned above[1]. After the observation of PANI intercalation into Na
+
-exchanged silicates[2] a number of studies on 

the preparation, properties and applications of PANI/layered silicate anocomposites were carried out [3]. Most recently 

[4] Yang and Chen reported the synthesis of PANI/clay nanocomposites and found that more PANI chains are formed 

between interlayer spacings of the modified clay. 

In particular, the class of organic materials known as inherently conducting polymers has been investigated for 

electronic device applications [5] and even though these materials have great promise, many scientific and 

technological issues have not been sufficiently addressed or understood [6].  Unlike materials consisting of small 

molecules, the properties of polymers are extremely dependent on the conformation and configuration of the polymer 

molecules [7]. 

Smectite clays are a popular layered material for the preparation of polymer clay materials in the past decade [8], 

because of its small particle and easy of intercalation [9]. The MMT, whose lamella is constructed from an octahedral 

alumina sheet sandwiched between two tetrahedral silica sheets, exhibits a net negative charge on the surface of layers 

[10].  

Montmorillonite have both Bronsted and Lewis acid sites and when exchanged with cations having a high charge 

density, as protons, produce highly active catalysts for acid-catalysed reactions [11]. It have been demonstrated that 

intercalated organic molecules on the surface of Montmorillonite are mobile and can be highly polarize when situated in 

the space between the charged clay layers [12 ,13]. The present study examines the catalytic activity of Algerian proton 

exchanged montmorillonite clay (Maghnite-H
+
). It was demonstrated that there is an excellent correlation between the 

acid treatment and the catalytic activity of Maghnite [14]. 
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2 Experimental 

2.1   Materials and method 
 

Aniline 99%, potassium persulphate 98% (Aldrich) , hydrochloric acid (35%–38%),MMT clay was obtained from 

ENOF Maghnia (Algeria). The MMT-H
+ 

(Mag-H
+
) was prepared as described by Belbachir and al [15], and water 

(PH<7) were used to synthesis éméraldine salt (PANI-Mag-H
+
) by emulsion polymerization. Some of the emeraldine 

base (PANI-EB), non-conducting form of polyaniline, was prepared by de-protonating PANI-ES in NaOH Solution 

(0.5M).   A doping EB was carried out in aqueous medium of hydrochloric acid (HCl) [16]. 

Maghnite-H
+
 was prepared according to the process reported in our previous study [17]. Raw-Maghnite (20g) was 

crushed for 20 mn using a prolabo ceramic balls grinder. It was then dried for 2 h at 105ºc. The Maghnite was placed in 

an Erlenmeyer flask together with 500 ml of distilled water. The Maghnite/water mixture was stirred using a magnetic 

stirrer and combined with 0.25M sulfuric acid solution, until neutralization  was achieved over 2 days at room 

temperature, the mineral was then washed with distilled water to become sulfate free and then dried at 105º C . 

The present study provide process for preparing polyaniline or another polymer conductors such as ( polypyrole , 

plythiophene )  or substituted polyaniline  ( o-anisidine , o-methoxy-aniline , o-toluidine …….) , which comprises 

dissolving oxidizing agent (solid) slowly in mixture of  catalyst and monomer ( Mag-H
+
 , aniline ) after 30 mn  at 

ranging  temperature (0ºC  to  4ºC ) and during 10 mn , after this time we added drop by drop 15 ml to 20 ml of water , 

the reaction mixture was stirred for 1h 30 mn at the optimal conditions .  At the end of polymerization, we obtained the 

emeraldine salt /clay (PANI-ES / Mag-H
+
). Whereas, the Mag-H it's separate by filtration because it's insoluble in the 

solvents in which the polymer is soluble. Eventually, the result it's black solution ( polymer-solvent ) , after evaporation 

result a black powder it's ( PANI-ES),washed several times with water and methanol ,   where dried at 60ºc for 48 h for 

characterization . 

The polyaniline base (PANI-EB) was obtained by deal treatment of polyaniline salt (PANI-ES) with an solution of 

dilute NaOH (0.5M) . A doping EB was carried out in aqueous medium of hydrochloric acid (1M). Approximately 1,5g 

of fine powder of polyaniline base was suspended in 200 mL of appropriate acid solution. After stirring at room 

temperature for 5 h, the black polymer salt was collected by filtration followed by drying under dynamic vacuum for 48 

h at 60°C.  

5.1 ml of (0.055 mol) aniline was added to 6% of (0.306 g) Mag-H clay catalyst layered. The reaction was stirring for 

30 mn at 0ºc, after this time 3g of (0,013mol) K2S2O8 was added slowly during 10 mn, after this we added drop by drop 

15 ml of water. The reaction was continued for 1h 30 mn in the optimal condition (0ºC). 

The precipitate product was filtered and washed with distilled water as far as neutralization, because this product 

contained traces of initiator, oligomer and monomer. In the end, we obtained black solid which be composed of 

(polymer-montmorillonite). Whereas, the Mag-H it's separate by filtration because it's insoluble in the solvents in which 

the polymer is soluble. Eventually, the result it's black solution ( polymer-solvent ) , after evaporation result a black 

powder it's ( PANI-ES ) , washed several times with water and methanol ,   where dried at 60ºc for 48 h for 

characterization . 

5.1 ml of (0,055 mol ) aniline was added to 5 % of ( 0.275g ) Mag-H clay catalyst layered. The reaction was stirring for 

30 mn at 0ºc, after this time 3g of  K2Cr2O7 was added slowly during 10 mn, after this we added drop by drop 15 ml of 

water. The reaction was continued for 1h 30 mn in the optimal condition ( 0ºC ) . 

The precipitate product was filtered and washed with distilled water as far as neutralization, because this product 

contained traces of initiator, oligomer and monomer. In the end, we obtained black solid which be composed of 

(polymer-montmorillonite). Whereas, the Mag-H it's separate by filtration because it's insoluble in the solvents in which 

the polymer is soluble. Eventually, the result it's black solution (polymer-solvent) , after evaporation result a black 

powder it's (PANI-ES ) , washed several times with water and methanol ,   where dried at 60ºC for 48 h for 

characterization . 

5.1 ml of (0.055 mol ) aniline was added to 2 % of ( 0.102g ) Mag-H clay catalyst layered. The reaction was stirring for 

30 mn at 0ºc, after this time 3g of (0,022 mol) CuCl2 was added slowly during 10 mn, after this we added drop by drop 

15 ml of water. The reaction was continued for 1h 30 mn in the optimal condition (0ºC) . 

The precipitate product was filtered and washed with distilled water as far as neutralization, because this product 

contained traces of initiator, oligomer and monomer. In the end, we obtained black solid which be composed of 

(polymer-montmorillonite). Whereas, the Mag-H it's separate by filtration because it's insoluble in the solvents in which 

the polymer is soluble. Eventually, the result it's black solution ( polymer-solvent ) , after evaporation result a black 

powder it's ( PANI-ES ) , washed several times with water and methanol ,   where dried at 60ºC for 48 h for 

characterization . 

 

 

 



 

 

 
International Journal of Scientific World 31 

 

 

 

2.2   Measurements 
 
1
H nuclear magnetic resonance (NMR) measurements were carried out on a 300 MHz Bruker NMR Spectrometer 

equipped with a probe BB05 mm, in CDCl3. Tetramethylsilane (TMS) was used as the internal standard in these cases. 

Fourier transform infrared spectroscopy (FTIR) spectra were obtained between 900 and 4000 cm
−1

 on an ATI Matson 

FTIR No 9501165. Ten scans were averaged at a resolution of 4 cm
−1

 for the solid tested samples of modified and 

unmodified montmorillonite prepared as KBr pellets (ca. 3% by mass in KBr). 

Fourier transform infrared spectroscopy (FTIR) spectra were obtained between 900 and 4000 cm−1 on an ATI Mattson 

FTIR no. 9501165. Ten scans were averaged at a resolution of 4 cm−1 for the solid tested samples of modified and 

unmodified montmorillonite prepared as KBr pellets (ca. 3% by mass in KBr). 

DSC measurements were carried out on a TA instrument, according to the following program: the specimens were first 

heated from ambient temperature to 250◦C at 10◦C/min maintained at this temperature during 5 minutes then cooled to 

25◦C at 20◦C/min.The tests were performed on a TA instrument (TGA Q500) by heating the samples from 20 to 550◦C 

at 20◦C/min. DTG thermograms giving the variations of the weight loss derivative as a function of temperature. 

Viscosity measurements were carried out with an Ubbelhode Capillary Viscosimeter (viscologic TI1, version 3–1 

Semantec). Intrinsic viscosity [η], was measured at 30 °C in benzene. 

GPC measurements of the samples were carried out using a WISP 712, Waters Associates chromatograph, THF was 

used as solvent and the instrument was calibrated to a first approximation with polystyrene of known molecular 

weights. 

The flow rate of tetrahydrofuran was 10 ml/min. intrinsic viscosity measurements were performed on SEMATECH 

Viscologic TI 1 apparatus at 25°C using THF as solvent. 

The purification of polymers were carried out by dissolving the product in chloroform (CDCl3) and filtering to eliminate 

the Mag-H+. Then, chloroform was removed by evaporation. 

 

3 Results and discussion 

3.1   Polymerization and characterizations of product  
 

3.1.1   Experiments conditions and results  

 

The results of polymerization of aniline (0.055 mol) induced by 6% (    ) of Maghnite-H+ 0.25M is reported in Table 1. 

 
Table.1: Polymerization of Aniline induced by Maghnite-H+ 25M at 0°C. 

Experiment Mag-H+     

(%) 

Time 

(h) 

Yield 

(%) 

Mn  Mw     Polydispersity number of repetitive 

units 

1 10 3 61.58 3.540,00 7.825,00 2,21 38,47 

2 6 3 84.23 12.210,00 17.652,00 1,44 132,71 

3 2 3 69.81 548,00 913,00 1,66 5.95 

 

3.1.2   Characterization spectroscopic of products 

For FTIR polyaniline Fig.1, the literature data indicated that the characteristic absorption peaks are assigned to the C–H 

aspect bending vibration on the replaced benzene ring at 832cm
_1

 and the C–N bond stretching vibrations at 1308 cm
_1

. 

1498 and 1590 cm
_1

 represent the absorption peaks of benzene- and quinine-type in polyaniline chain [18].  

The product (obtained by room temperature reaction in 3 days) which was reduced with     100 ml of hydrazine solution 

(20%) displays two groups of signals in the 1H-NMR spectra    Fig.2. The down field signals centered at 7.2 ppm are 

due to four aromatic protons of the pure reduced form (leucoemeraldine base). Integral ratio of the NH proton signal 

appeared at 3.55 ppm .Whereas non-reduced form of the product (Emeraldine base) gave a 
1
H-NMR spectra with slight 

shift of the peak positions (i.e. NH protons appear at 4.81 ppm and aromatic protons centered at 7.3 ppm) [19]. 
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Fig 1: FT-IR spectra of the polymer (PANI-ES) obtained by the intercaled method between Aniline and Maghnite (black powder) at 0°C. 

 

 
 
Fig 2: 1H NMR spectrum (300 MHz, CDCl3, Tetramethylsilane (TMS) was used as the internal standard) of polyaniline-Maghnite (PANI-EB) 
obtained by the polymerization of aniline with Mag-H+ initiator system in CDCl3 at 0°C. 

 

3.2   Effect of molecular weight on solubility and conductivity of polyaniline salt  
 

By UV-vis spectra, on taking the soluble PANI in various solvents, we can calculate the band of energy by this equation.           

∆E   = hν = h c / λ 
The  solubility parameter  (δ)  is  usually  expressed  in (cal/ cm

3
)

1/2
 or  preferably  (j/cm

3
 )

1/2  
units  for many  

compound  is defined  from  Hildebrand- Scotchard  Solution  theory  is :  δ=  (∆E/V)
1/2

 

The electrical conductivity of materials was measured by the four-point method. Four points aligned and spaced the 

same distance are applied by simple pressure on the sample. A current I is injected through the outer tips with a current 

source, thus creating a potential variation. Voltage U can be measured between two points connected to internal 

voltmeter [20-21]. 

 

ρ = R ( π . r
2
 / e) (Ω.cm)             (1) 

 

σ = 1/ ρ (S/cm)             (2) 
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The measured value of the transverse strength of the polyaniline is converted to volume resistivity, using equation (1), 

and then the electrical conductivity is calculated from the equation (2). The value of electrical conductivity (σ) and 

parameter of solubility (δ) are presented in the following Table.2. 

 
Table.2:  Properties physicals and chemicals of polyaniline salt  pillet (1μ) with different molecular weight. 

Samples PANI-CDCl3 wt %   ϭ (S/cm) 25° C δ ( j/cm
3
)

1/2
  25° C 

Low molecular weight 10 7.83 1.04 

50 12.09 0.98 

100 14.17 0.96 

Intermediate molecular weight 10 12.63 0.87 

50 28.16 0.84 

100 35.26 0.80 

High molecular weight 10 25.70 0.72 

50 46.82 0.61 

100 83.15 0.56 

 

3.3. Effect of solvent in solubility and molecular weight of polyaniline salt (PANI-ES)  
 

Effect of solvent in solubility and molecular weight of polyaniline salt (PANI-ES) composite was determined in a 

number of organic solvents Table.3. The PANI-ES composite in powder form was added to 100 mL of each solvent 

including: Dimethylformamide, Acetonitrile, toluene, dichloromethane, THF, and chloroform and stirred for 1 h before 

filtering. The dry weight of the filter paper was used to calculate the solubility and molecular weight of the PANI-ES 

composite. It was found that, PANI-ES composite is relatively soluble in all above mentioned solvents [22]
 
.The best 

solvents for PANI-ES composite are determined to be Dimethylformamide and Toluene. So we can conclude that:  the 

solubility, the conductivity and the molecular weight increases with the polarity and concentration of solvents[23]. 

 
Table.3: Effect of solvent in solubility and molecular weight of polyaniline salt 

Solvants 

 

Solubilité (g/100ml) Molecular Wight 

Mn Mw 

Dimethylformamide 

    Toluène 

    Chloroforme 

Dichloromethane 

    Acétonitrile 

Tétrahydrofurane 

0.55 

0.54 

0.49 

0.38 

0.22 

0.14 

23.000,00 

17062 ,00 

12367,00 

8.000,00 

5.451,00 

3.121,00 

29150,00 

21537,00 

18952,00      

10468,00 

7032,00 

4.903,00 

                  

3.4   GPC characterization  
 

Polyaniline salt form (PANI-ES) was synthesized by potential-time profiling the chemical oxidative polymerization of 

aniline, using K2S2O8 as oxidant, Maghnite-H+ as an catalyst and  quenching the reaction in solution of chloroforme 

CDCl3. 

Fig.3 show a GPC (gel permeation chromatograph) of polyaniline in the salt form dissolved in 50% chloroform and the 

vertical axis is the ultraviolet detector response and the horizontal axis is the peak retention time in minutes . Two peaks 

are evident in Fig. 1, first in retention time (21.262 mn) in region (6,01%)  which corresponds to a weight average 

molecular weight of approximately (Mn=644,00 g/mol
-1

, Mw=746,00 g/mol
-1

) of polyaniline salt form (PANIES) and 

peak at (22,435 mn) in the region (93,99% ) correspond to a weight average molecular weight  approximately 

(Mn=33,00g/mol
-1

 , Mw=114,00g/mol
-1

 ) of monomer (Aniline) and oligomers.  

 
Table 4:GPC of PANI-ES composite in THF  

 Sample Name RT Area % Area Mn Mw Polydispersity 

1 PANI-ES 17.973 1318425 6.01 644 746 1.158385 

2 PANI-ES 23.638 20616395 93.99 33 52,00 3.413146 
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Fig.3:  GPC chromatogram of PANI-ES with 6% Mag-H+ at 0°C for 1 h30 mn, Polydispersity=1.15. 

 

If the reaction mixture was poured into aqueous NaOH 0.5 M, a precipitate of analytically pure emeraldine base (PANI-

EB) was obtained [24]. Gel permeation chromatograph indicated another two peaks, first in the retention time 

(20 ,838mn) which corresponds to a weight average molecular weight of approximately (Mn= 815,00 g/mol
-1

 , 

Mw=1002,00g/mol
-1

 of polyaniline base form (PANI-EB) and peak at (22,033 mn) correspond to a weight average 

molecular weight  approximately (Mn=29,00g/mol
-1

 , Mw=136,00g/mol
-1

) of monomer (Aniline) and oligomers. Fig.4 

show GPC chromatogram of polyaniline base (PANI-EB). 
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Fig.4: GPC chromatogram of PANI-EB with 6% Mag-H at 0°C for 1 h30 mn . 

 

It is known that the GPC analysis of the synthesized polyaniline emeraldine salt (PANI-ES) and emeraldine base 

(PANI-EB) in NMP solution has a bimodal molecular weight distribution [25]. In our study solvant it’s 

chloroform(CDCl3), another GPC chromatogram indicated a bimodal molecular weight distribution.  

This is likely due to the aggregation of  polyaniline in the NMP and CDCl3 or another polar                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

solvant . Such phenomenon maybe resolved by recristalysed solution of (PANI-NMP or PANI-CDCl3 ) in the methanol 

for 5 hours at 25°C or adding LiCI to the NMP or CDCl3 solution[26]. 

Understanding these dramatic effects requires insight into chain growth kinetics and evolution of polymer molecular 

weight  as a function of the experimentals conditions such as reaction time, amount of monomer ,solvant and amount of 

catalyst . While there are several reports on the molecular weight of different form of polyaniline(PANI-ES ,PANI-EB 

and PANI-HCl )  using gel permeation chromatography [27]. 

 

3.5   Viscosity measurements 
 

Viscosity measurements were carried out with an Ubbelhode Capillary Viscosimeter (viscologic TI1, version 3–1 

Semantec). Intrinsic viscosity [η], was measured at 30 °C in benzene. Viscosity-average molecular weight Mv was 
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calculated according to the equation:                                                                                                     [η] (mg.l
_1
﴿ = K 

[Mv]
 a

. Viscosity of the polymer is slightly higher (25.79 ml g-
1
) than that of PANI (19 ml g-

1
) obtained in aqueous 

solution for 24 h[28]. Viscosity intrinsic and properties physics of PANI are showed in Table 3. 

 
Table 5: Show properties viscosemitrics of PANI-ES 

Concentration C[0] 2C/3 C/2 C/3 C/4 

Moyenne 

Cinéma .﴾cst) 

Dynamics ﴾cp) 

Relative 

Spécific 

Réduite 

Inhérente 

Salomon 

Intr .﴾g.ml
-
¹) 

3.60 

0.61 

0.90 

1.01 

0.01 

12.20 

12.13 

12.15 

3.60 

0.60 

0.90 

1.00 

0.00 

13.98 

13.91 

13.93 

3.60 

0.60 

0.90 

1.01 

0.01 

19.46 

19.46 

19.49 

3.60 

0.60 

0.89 

1.00 

0.00 

20.95 

20.95 

20.97 

3.59 

0.60 

0.89 

1.00 

0.00 

22.43 

22.43 

22.45 

25.83 25.76 25.78 

        

3.6   Proposed process for synthesis of different form of polyaniline catalyzed by Maghnite-H
+
 

 

Polyaniline is a conducting polymer with a complex chemistry involving both electron and proton exchange .A 

distinctive feature of polyaniline among the conducting polymers is that its conductivity is not only controlled by the 

degree of chain oxidation or number of repetitive units but also by the level of protonation. In Scheme 1 are shown the 

different  form of polyanilne in its most stable form at acidic medium (pH=1 to  pH =6). 

 

 
Schema 1: Proposed process of soluble polyaniline catalysed by Mag-H+ 

 

4 Conclusion   

 

This study reveals that: 

1. Aniline (ANI) can be polymerized in presence of Maghnite-H
+
 an ecocatalyst layered (Algerian 

montmorillonite).  

2. (PANI-Maghnite) materials have been successfully prepared for the heterogeneous polymerization of aniline. 

3. The content of polyaniline in (PANI-Maghnite) hybrid nanocomposite product is high (~84.81%). 

The purpose of this study was to attempt to find an experimental approach for determining selected intrinsic properties 

of the conducting polyaniline, in its emeraldine oxidation state. It was found that optimization of solubility, molecular 

weight, conductivity, Could be approached by specific chemical procedures. 

Different form of polyaniline (PANI-ES, PANI-EB and PANI-HCl) exhibited a bimodal gel permeation 

chromatographic (GPC), understanding these dramatic effects requires insight into chain growth kinetics and evolution 

of polymer molecular weight as a function of the experimentals conditions. 
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