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A B S T R A C T 

Porphyrins are a group of heterocyclic macrocycle organic compounds, composed of four 

modified pyrrole subunits interconnected at their α carbon atoms via methine bridges 

(=CH−). Porphyrins have attracted much attention because of their unique structures and a 

wide spectrum of very useful physicochemical and biological properties, such as anion 

binding, stabilization of metal ions with unusual oxidation states, electron transfer, and 

construction of peculiar supramolecular assemblies. The synthesis of electroactive and 

water-soluble polymers were accomplished with water-soluble metal (III) porphyrins in the 

presence of a template. The polymerization by matelloporphyrin is simple (one-step), 

chemically mild, and environmentally benign and requires minimal separation. This 

approach provides a distinct advantage over similar reactions employing native enzymes 

due to higher stability and lower price of the catalysts. 

Keywords: Matelloporphyrin, Conducting polymer, water-soluble polymer, Oxidative 
polymerization. 
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1. Introduction 

Porphyrins are a group of heterocyclic 

macrocycle organic compounds, composed 

of four modified pyrrole subunits 

interconnected at their α carbon atoms via 

methine bridges (=CH−). The parent 

porphyrin is porphine, a rare chemical 

compound of exclusively theoretical 

interest. Substituted porphines are called 

porphyrins. With a total of 22 π-electrons, of 

which 18 π-electrons form a planar, 

continuous cycle, the porphyrin ring 

structure is often described as aromatic 

(Figure 1) [1]. One result of the large 

conjugated system is that porphyrins 

typically absorb strongly in the visible 

region of the electromagnetic spectrum, i.e., 

they are deeply colored. The name 

"porphyrin" derives from the Greek word 

porphyra, meaning purple [2]. 

Porphyrins have attracted much attention 

because of their unique structures and a 

wide spectrum of very useful 

physicochemical and biological properties, 

such as anion binding, stabilization of metal 

ions with unusual oxidation states, electron 

transfer, and construction of peculiar 

supramolecular assemblies [3].  

Metal complexes derived from porphyrins 

occur naturally. One of the best-known 

families of porphyrin complexes is heme, the 

pigment in red blood cells, a cofactor of the 

protein hemoglobin [4]. 

The metalloporphyrins have been widely 

used in catalytic oxidation reactions with 

oxidants such as hydrogen peroxide [5]. 

Furthermore, metalloporphyrins have a 

structure similar to the active site of the 

enzyme, and have the advantages of being 

cheap and more stable [6]. 

In recent decades the field of conducting 

polymers has attracted much attention 

from many scientists due to their 

interesting optical and electrical 

properties. Since their discovery in 1977, 

they have been investigated for many 

technological applications, such as 

organic lightweight batteries, 

microelectronics, optical displays, 

antistatic coatings, sensors, microwave 

absorption and electromagnetic shielding 

[7-11]. Also, transition-metal complexes 

are known for their catalytic activities in 

many polymerization reactions [12, 13]. 

These complexes can be successfully used 

as effective catalysts to control the radical 

polymerization of monomers [14, 15]. 

The general structure of anionic (a) and 

cationic (b) water-soluble porphyrins are 

shown in Figure 2.  

The synthesis of electroactive polymers 

were accomplished with water-soluble 

metal (III) porphyrins in the presence of a 

template. 
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Figure 1. The 
display of π-
electron 
conjugated 
system in 
the cycle of 
porphin 

 
 

 
 

Figure 2. The 
general structure 
of metal (III) (a) 
tetrasulfonated 
tetraphenyl 
porphyrin and 
(b) 
tetrapyridylporp
hyrin 

 

 
 

2. Anionic water-soluble porphyrins  

2.1. Synthesis of Conducting Water-

Soluble Polyaniline with Anionic Iron 

(III) Porphyrin 

The development of new efficient 

catalysts has an important role in polymer 

research. Aniline and its derivatives have 

also been shown to polymerize via an 

enzymatic oxidation process [16]. 

HRP and related enzymes show low 

stability under non physiological 

conditions, and they are relatively 

expensive. Water-soluble 

metalloporphyrins mimic the various 

reactions of HRP and other 

monooxygenases in different reactions. It 

was reported a novel route for the 

polymerization of aniline with hydrogen 

peroxide catalyzed by anionic, water-

soluble iron (III) tetra(p-

sulfonatophenyl)porphyrin (FeIII TPPS) 

[17]. The polymerization was carried out 

under pH 2 in the presence of sulfonated 

polystyrene (SPS) as a template. The 
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synthesized polymer was a water-soluble, 

electroactive, and conducting PANI/SPS 

complex. The progress of the reactions was 

monitored spectroscopically. 

A scheme of PANI synthesized in the 

presence of SPS is shown in Figure 3, where 

SPS acts as the template. The SPS (1) 

provides a preferential local environment 

that facilitates the para-directed coupling of 

the monomer, (2) provides counterions for  

doping, and (3) maintains the water 

solubility for synthesized PANI.  

The proposed mechanism for the 

formation of a reactive intermediate in the 

polymerization of aniline with FeTPPS is 

shown in Figure 4. On the basis of the 

literature reports [18, 19], the oxoiron (IV) 

radical cation is responsible for initiating 

the formation of the aniline cation radical, 

which attacks the other aniline molecule to 

form a dimer, and hence the reaction 

further propagates to give PANI. 

2.2. Synthesis of water-soluble 
conducting polypyrrole with anionic 
porphyrins 

Of the many conducting properties 

identified so far, polypyrrole (PPy) and its 

derivatives have been studied extensively 

because of its many interesting properties 

such as good conductivity, and high stability 

in oxidized form. 

Polymers based on pyrrole, currently 

used for organic batteries and display 

devices are also of great interest [30, 31]. 

Chemical and electrochemical 

polymerizations of pyrrole result in 

insoluble form of PPy. 

 

Figure 3. 
Proposed 
scheme for 
the 
formation of 
the 
PANI/SPS 
complex 
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Figure 4. Proposed mechanism for the polymerization of aniline with FeTPPS 

Encouraged by a variety of reports based 

on the processability and effectiveness of 

water-soluble polymers, a novel 

synthesis method of water- soluble PPy is 

reported by using iron (III) tetra(p-

sulfonatophenyl)porphyrin (FeIIITSPP), 

Cobalt(III) tetra(p-

sulfonatophenyl)porphyrin (CoIIITSPP) 

and manganese(III) tetra(p-

sulfonatophenyl)porphyrin (MnIIITSPP) 

as effective catalysts in the presence of 

sulfonated polystyrene (SPS) as a 

template [32]. 

The IR spectrum of PPy/SPS complexes 

measured in transmission mode are 

shown in Figure 8. FT-IR spectroscopy 

indicates that these complexes are 

oxidized structures with covalently 

bonded oxygen, which differs from native 

PPy that was synthesized under oxygen-

free conditions previously [33]. The 

absorption peak, observed as a broad 

band at 3300 cm-1, is assigned to O–H 

stretching vibration. The peak at 1710 

cm-1 is believed to be due to the carbonyl 

group. Another feature in the FT-IR 
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spectra is the skeletal stretching of the 

pyrrole ring, which occurs in the 1550 

cm-1 region [34]. While the PPy was 

doped by a certain anion the N-H band of 

the pyrrole ring was not observed in the 

FT-IR spectrum (in 3400 cm-1) [35]. Also, 

the peaks observed at 1008 and 1036 cm-

1, corresponded to symmetric and 

asymmetric S=O stretching and a band at 

670 cm-1 which was attributed to the -

SO3 group confirmed the presence of SPS 

in the complex. These data indicate that 

the polymer consists of carbonyl and 

hydroxyl groups. 

 

 

 

Figure 8. FT-IR spectra 
of PPy/SPS complexes 
synthesized by (a) 
FeIIITSPP, (b) MnIIITSPP 
and (c) CoIIITSPP 
catalysts 

 

 

 

3. Cationic water-soluble polyaniline 

3.1. Cationic metalloporphyrins for 

synthesis of conducting, water-soluble 

polyaniline 

The unique oxidative approach has been 

developed which addresses and resolves 

current limitations of both the enzymatic 

and the chemical polymerization of aniline. 

It is reported the polymerization of aniline 

with hydrogen peroxide catalyzed by 

cationic water-soluble iron (III) tetra-

pyridylporphyrin [FeIII (TPyP)], manganese 

(III) tetrapyridyl porphyrin [MnIII (TPyP)] 

and cobalt (III) tetrapyridyl porphyrin 

[CoIII (TPyP)] in aqueous solutions [20]. 

This method, which is simple and 

environmentally benign, consists of using 

anionic polymeric template (SPS) to 

promote the head-to-tail coupling of aniline 

radicals. 

This results in obtaining a water-soluble 

complex of electrically conducting PANI 

[20]. The synthesized polymer was 

confirmed by UV–vis, FT-IR spectroscopy 

and cyclic voltammetry (CV). Table 1 shows 

the comparison of UV–vis absorption and 

cyclic voltammograms of this polymer 
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when synthesized by cationic 

metalloporphyrins, anionic 

metalloporphyrins (FeTSPP) [17] and 

metallophthalocyanine (FeTSPc) [22] in 

Table 1. 

The polymerization of aniline by 

metalloporphyrine in aqueous solution at 

pH 2 and in the presence of a strong 

polyelectrolyte, SPS (poly (sodium 4-

styrene sulphonate)), produced the water-

soluble and conducting form of polyaniline. 

As is shown in Figure 5 [17], after the 

addition of hydrogen peroxide to the 

solution of FeTPyP, iron (III) hydrogen 

peroxide porphyrin complex [(TPyP)FeIII–

OOH] was formed. 

This is due to the fact that the Fe(TPyP)Cl 

complex tends to form a high-valent iron  

(IV) oxo porphyrin cation radical 

intermediate [(TPyP) + Fe@O], via O–O 

bond heterolysis in the reaction between 

iron porphyrin complex with H2O2 [23–25]. 

Then, the intermediate reacts with aniline, 

resulting in the aniline cation radical. This 

cation radical attacks other cation radicals 

of the monomer to form a dimer, by 

eliminating two hydrogens. The reaction 

further propagates to give PANI [21]. 

The comparison of cationic and anionic 

porphyrins shows that higher 

polymerization yield is obtained when 

the cationic ones are used (results are 

shown in Table 1) 

 

3.2. Synthesis of water-soluble 

poly(catechol) catalyzed by cationic 

Iron (III) porphyrin  

The enormous interest in recent years 

for intensive research in the field of 

phenols and aromatic amine-based 

polymers is due to their wide 

applications [26]. These polymers have 

received considerable attention in 

industry and are employed for many 

purposes such as in adhesives, 

composites, and other applications [27]. 

 

Table 1. Comparison of UV-vis and CV data for PANI synthesized by cationic and anionic porphyrin and 
phthalocyanine catalysts 

Catalyst Anodic peak ( V versus Ag/AgCl) Anodic peak 
current ( µA) 

UV-vis absorbance 
(about 750 nm) Epa1 Epa2 Epa3 

FeTPyP 0.47 - - 200 1.7 
FeTSPP 0.5 - - 30 1.6 
FeTSPc 0.27 0.57 0.80 110 1.3 
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Figure 5. Proposed mechanism for the polymerization of aniline with cationic metalloporphyrins (M 

= Fe, Mn, and Co) 

  Poly(catechol) with free hydroxyl 

groups have potent for applications in 

the immobilization of some species. The 

control of properties is difficult in 

oxidative coupling reactions that are 

carried out at extreme temperatures, 

pressures, and pHs employing inorganic 

catalysts [28]. 

The synthesis of poly(catechol) was 

carried out by cationic metalloporphyrin as 

a catalyst and hydrogen peroxide as an 

oxidant in the presence of SPS as a template 

in a mild conditions [29].  

The mechanism of catechol polymerization 

by FeTPyP is shown in Figure 6. 

Based on this mechanism, after the 

addition of hydrogen peroxide to the 

solution of FeTPyP, intermediate were 

formed. Then, the intermediate reacts 

with catechol, resulting in the catechol 

cation radical. This radical cation attacks 

other cation radicals of the monomer to 
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form a dimmer, with elimination of two 

hydrogens. The reaction further 

propagates to give poly(catechol). 

Formation of poly(catechol) was 

characterized by both FT-IR and cyclic 

voltammetry. The results are compatible 

with poly(catechol) structure that shown 

in Figure 7. 

 

Figure 6. Proposed mechanism for the polymerization of catechol with cationic metalloporphyrin 

(FeTPyP) 

 

Figure 7. The proposed 
chemical structure of 
porphyrin catalyzed 
poly(catechol) 
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4. Conclusion 

The synthesis of electroactive polymers 

were accomplished with water-soluble 

metal (III) porphyrins in the presence of a 

template. The robustness of the synthetic 

porphyrin catalyst was demonstrated by 

the ability of this catalyst to carry out the 

polymerization reaction at various 

conditions. Because of the slow 

demetallation of the catalyst under these 

conditions, polymerization was carried out 

in an aqueous acidic solution. This 

polymerization by matelloporphyrin is 

simple (one-step), chemically mild, and 

environmentally benign and requires 

minimal separation. This approach 

provides a distinct advantage over similar 

reactions employing native enzymes due to 

higher stability and lower price of the 

catalysts. The comparison of cationic and 

anionic porphyrins shows that the 

polymerization of aniline yield of the 

former is higher. TGA data shows that the 

thermal stability of synthesized polymers 

by porphyrin is more than HRP-catalyzed 

one. In conclusion, we have introduced a 

new, simple and economical method for the 

preparation of water-soluble conducting 

polymers by porphyrins. 
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