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Abstract 

 

 The superparamagnetic Fe3O4 particles are successfully encapsulated inside polypyrrole (PPY) via emulsion 

polymerization using polyvinyl alcohol as a surfactant. The thus- obtained PPY-Fe3O4 nanoparticles have structural, electrical 

and good superparamagnetic properties. Conducting polymer (PPY) has been used for immobilization of enzymes, antibodies and 

nucleic acids. The resulting functionalized (Fe3O4-PPY) nanoparticles can also be utilized for cancer cell targeting. Finally the 

nanoparticles are characterized by SEM, TEM. Morphology studies reveal that the prepared (Fe3O4-PPY) nanoparticles in the 

size range of 100 nm. 
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Introduction  

 

Polypyrrole is a frequently studied conducting 

polymer due to its application in sensing and catalysis. 

Polypyrrole is considered among the most promising 

conductive polymers due to its stability and ease of conversion 

between conducting and insulating forms (Shen et al., 1992; 

Ateh et al., 2006). There is currently immense interest in the 

materials having both electrical and magnetic properties for 

the potential application as batteries, non- linear optics, 

electrochemical display devices, molecular electronic, 

electrical and magnetic shields, and microwave absorbing 

materials (Jiang et al ., 2002; Zhelikin et al., 2002). 

Conducting polymers have great potential for use in batteries, 

electronics, and bio and chemical sensors. PPY, a highly 

conducting polymer, has been studied for the immobilization 

of enzymes, antibodies and nucleic acids.(Saed et al ., 2003). It 

is also suitable as a substrate for cell attachment and 

proliferation and possesses excellent biocompatibility (Ellis 

and Skotheim, 1986).  In this paper, we describe an emulsion 

polymerization method to synthesize distinct PPY 

nanoparticles of 100 nm with encapsulated.  

(Polyvinyl alcohol) as a surfactant is shown in the 

TEM images, the resulting nanocomposites contain well-

dispersed Fe3O4 nanoparticles attached to polypyrrole 

(Kawaguchi, 2000; Zhang et al., 2007). The Morphology, 

particle size and particle-size distributions were measured by 

transmission electron microscope (TEM; H-7600, Hitachi).The 

as-synthesized oleic acid-coated Fe3O4 particles are roughly 

spherical in shape, with average diameters of 10 nm and they 

can be spontaneously dispersed in hexane. The HRTEM and 

TEM images of PPY-Fe3O4 nanoparticles with varying Fe3O4 

content are shown in fig. 2. The PPY nanoparticles are well-

defined spheres of about 80-100 nm in diameter (Figs. 2 a, b, 

c, d). However, with increasing Fe3O4 content, the particles 

exhibit an increasing degree of aggregation and the 

distribution of Fe3O4 among the nanoparticles becomes less 

uniform. At the highest Fe3O4 content certain nanoparticles 

have dense Fe3O4 aggregates (Schimdt et al., 1997). (Figs. 2c, 

d) while others have much less encapsulated Fe3O4 (image not 

shown). 

Fig. 1. Schematic representation of the preparation route of   

PPY- Fe3O4 nanoparticles (Taken from the paper S. C Wuang 

et al., 2007) 
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Fe3O4 particles, using polyvinyl alcohol (PVA) as the 

surfactant. The obtained PPY- Fe3O4 nanoparticles are well 

defined and display high levels of magnetization, good 

electrical conductivity. In addition, the Fe3O4 content of the 

nanoparticles can be varied over a wide range by using 

different starting Fe3O4 pyrrole monomer mass ratios. The 

conductivities of resulting PPY-Fe3O4 nanoparticles were 

measure by using the standard four-probe method. Our results 

helps in future studies that the FA-functionalized PPY- Fe3O4 

nanoparticles with their high magnetization and as well as 

cancer cell targeting capability, would have great advantages 

for use in intracellular hyperthermia treatment of cancer 

tumors. 

Fig. 2 (a and b). HRTEM and TEM images of as-synthesized 

PPY-Fe3O4 nanoparticles with varying Fe3O4; Pyyrole 

monomer mass ratios 

 

 

Materials and Methods 

Pyrrole, poly(vinyl) alcohol (average molecular 

weight 13000-23000), oleic acid  were purchased from Aldrich 

Chemical Co. Iron (III) chloride hexahydrate, iron (II) chloride 

tetrahydrate and ammonia solution were from Merck Co. 

Sodium dodecylbenzene sulfonate (NaDS) was purchased 

from Sigma Chemical. The other solvents and reagents were of 

analytical grade and used without further purification. 

Synthesis of magnetite particles 

The magnetite (Fe3O4) particles were prepared using 

a co-precipitation method reported in the literature (8, 9). To 

prepare oleic acid stabilized magnetic particles, 11.6 g of 

FeCl3.6H2O and 4.3 g of FeCl2.4H2O were dissolved in 400 ml 

of deionized (DI) water under argon gas protection with 

vigorous stirring at 60o C. 15 ml of 25% ammonia solution was 

then added to the solution, followed by immediate addition of 

9 ml of oleic acid drop wise. After a few minutes, the 

magnetite particles were isolated from the solvent by 

centrifugation at 6000 rpm for 10 min. The particles were 

washed with DI water twice to remove the excess oleic acid, 

redispersed in hexane and precipitated with ethanol. The 

precipitated particles were then washed twice with ethanol and 

dried under reduced pressure. 

Fig. 3. TEM photographs of  Fe3O4 nanoparticles 

Synthesis of PPY- Fe3O4 nanoparticles 

The magnetite particles (0.75 g) were dispersed in 5 

ml of hexane to form the ferrofluid. The ferrofluid was then 

added to 8 ml of DI water containing 0.28 g NaDS. The 

mixture was stirred for 1 hr to form a stable water-based 

dispersion of magnetite particles, and subjected to sonication 

for 10 min in an ice-cooled bath. NaDS coats the magnetite 

particles and allows for their dispersion in water. Hexane was 

then evaporated from the mixture at 80oC. 1 ml of pyrrole 

monomer was added after complete evaporation of hexane, 

and the mixture was stirred for 1 hr to form the magnetite- 

monomer dispersion. This dispersion was then added drop 

wise to 12 ml of the oxidant (FeCl3. 6H2O) solution containing 
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12 mgml-1 of PVA in an ice-cooled bath with continual 

stirring.  

Table 1. Properties and quantities of PPY- Fe3O4 nanoparticles 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Photograph showing magnetic behaviour of the 

particles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results and discussion 

Synthesis of magnetic particles and magnetic properties 

To obtain the nanocomposite design represented in 

fig.1, two strategies have been pursued. The first one consists 

in preparation of oleic-acid stabilized Fe3O4 particles and then 

polymerizing polypyrrole at the outer surface of Fe3O4 

particles, by a emulsion polymerization process using PVA as 

a surfactant successively (Yonoyama et al., 1986; Wuang       

et al., 2007). As shown in Table 1, Fe3O4 particles and PPY 

monomer mass ratios were synthesized. 

Structural characterization 

The morphology, particle size and particle-size 

distributions were measured by transmission electron 

microscope (TEM; H-7600, Hitachi). Polypyrrole-Fe3O4 

nanocomposites, synthesized using PVA. 

 

 

Conclusions 

Fe3O4-PPy composites with core-shell structure were 

successfully synthesized by a convenient emulsion 

polymerization using PVA as a surfactant. The PPY- Fe3O4 

nanoparticles are well defined in size (80-100 nm) and shape, 

superparamagnetic behavior. PPY-Fe3O4 nanoparticles with 

varying Fe3O4: pyrrole monomer mass ratios   can be 

synthesized using this method. Accordingly, it provides an 

easy way to control the ferromagnetic and electric properties 

by modifying ratios of starting materials .Structure 

characterization of the resulting composites was carried out by 

TEM, SEM. However, with increasing iron oxide content, 

aggregation is promoted. The resulting composites have both 

ferromagnetic and electric properties.  
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