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Introduction

 Polyaniline(PANI) is an electrically conducting polymer with many features that could be exploited in various applications. Among other conducting polymers such as polypyrrole, polythiophene, polyacetylene and polyphenylenevinylene, polyaniline has been most extensively studied because it exhibits good environmental stability and its electrical properties can be modified by the oxidation state of the main chain and the degree of protonation. However, the poor thermal stability and difficult processability of polyaniline (insoluble for conventional organic solvents) should be resolved for the successful application of this electrically conducting polymer.1

 To improve the thermal stability of PANI, various kinds of dopants instead of HCl such as benzenesulfonic acid, sulfosalicylic acid, p-toluene sulfonic acid, camphorsulfonic acid and dodecylbenzene sulfonic acid have been extensively studied. And the preparation of PANI in colloidal form is one of the ways to improve the pocessability of this polymer and obtain electrically conducting composites. PANI dispersion has been prepared by polymerization of aniline in micelle2, emulsion3-4, reverse microemulsion5 as polymerization medium and by using steric stabilizer6.

 In the present study, we prepared the nanoparticles of PANI in anionic SDS and nonionic NP-9(nonylphenol ethoxylate(9 mole)) with APS as initiator, and correlated with the size of micelles and the size of PANI particles formed in micelles. Also the polymerization kinetics was studied in different micelles. The differences in polymerization kinetics were explained based on the structure of surfactants. The electro-conductiong behavior of PANI particles was investigated and compared with PANI prepared by bulk precipitation method.

Experimentals

 All reagent, aniline (99.9%, Sigma), SDS(99%, Sigma), NP-9 (Ilchil Chemical Company, Korea), APS (ammonium peroxydisulfate, 98%, Kanto Chemical Company), methanol (99.9%, Mallinckrodt), acteone (96%, Kanto Chem), and HCl (35% concent., Matsunoen) were used as received. Doubly distilled and deionized water used.

 The 0.1M HCl solution was prepared by adding water into 35% concent. HCl solution and used as aqueous phase in micellar solution. The 0.49g of APS was dissolved in 10ml 0.1M HCl solution and added drop by drop into the mixtures of table 1 at 1.0ml/minute. The molar ratio of aniline to APS was kept as 2.0 through all the experiment, and the total volume of mixture after the addition of initiator was 110ml. Since the Krafft point of SDS is 16℃, the polymerization was performed at 20 ±0.1℃ with the mechanical stirring of 500rpm in round flask mounted in a thermostat for 12 hours. 

 0.05g of sample was taken from the reaction mixture every ten minutes just after the start of addition of initiator to mixture, and diluted with 3.0ml of 0.1M HCl solution. Absorbance value of these diluted samples at 800nm, which is related to the formation of polaron7, was measured to investigate the rate of PANI formation.

 After 12 hours’ reaction mixture was washed with excess methanol twice, acetone, and finally with water twice. Obtained particles were dried in the desiccator under the vacuum for 72 hours at room temperature.

Results and Discussion

 Electrical conductivity was measured by four-probe method in the form of pellet and ca. 4 (mixture1), 4 (mixture 2), 20 (mixture 3) S/cm. Since the PANI particles were formed in a confined small space of SDS micelles, it seemed that the density of particles was high. This high density of PANI particles formed in SDS micelles resulted in high value of electrical conductivity.

 The shape of PANI particles polymerized in aqueous solution, NP-9 micelles, SDS micelles are shown in Figure 1. The PANI particles prepared in aqueous solution have irregular shape, loosely packed. The size of PANI particles formed in SDS micelles was about 40nm and monodispersed distribution. On the other hand, the PANI particles polymerized in NP-9 micelles showed bimodal characteristics. The size and its distribution are considered to be depend on the micelle size, aggregation number and mononer partition between aqueous phase and micellar phase. In the mixture 2, initiation seemed to happen in the both phases and particles initiated in the aqueous phase seem to be formed by emulsion polymerization mechanism to submicro size since it has also spherical shape. With this, the bimodal characteristics of particles prepared in NP-9 micelles can be explained.

 The reaction rate in SDS micelles was quite fast as shown in figure 2 even though it was slow compared with that in conventional aqueous solution. But the reaction rate was very slow in NP-9 micelles. This result might be explained based on the same phenomena occurring in the hydrolysis of triglyceride8. The long ethylene oxide chain in NP-9 would effectively prevents the sulfate ions from attacking the anilium cation in micelles as shown in figure 3. Thus the only small amount of anilium cations residing outside micelles in aqueous solution are polymerized forming PANI.  
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Aniline (g mole)
NP-9 (g mole)
SDS (g mole)
0.1M HCl solution

(ml)

Mix. 1
0.0043
0.0
0.0
100

Mix. 2
0.0043
0.034
0.0
100

Mix. 3
0.0043
0.0
0.034
100

 Tables 1. The compositions of reaction mixtrues before polymerization was initiated.
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 Fig 1. Optical microscopy image of PANI synthesized in aqueous solution(A), SEM
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      images of PANI prepare in SDS micelles(B), NP9 micelles(C), (D)

 Fig 2. Polymerization kinetics as measured by the variation of the absorbance at 800nm                                   

      wavelength.
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 Fig 3. Proposed orientation of anilinium cations at the interface in NP-9 micelles (A),  

     and SDS micelles (B)
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