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1. Introduction

Solar energy conversion and storage using photoelectro-
chemical systems based on organic materials is one of the 
most attractive strategies in the development of versatile, 
efficient and cost- effective devices. This is mainly due to the 
synthetic versatility of the organic compounds, and the con-
sequent tunability of the electronic and optical properties of 
the new materials. However, the development and applica-
tion of organic materials in optoelectronic devices is often a 
challenging task, because they must form thin films with 
suitable solid properties, satisfactory stability, efficient light 
absorption, adequate hole/electron transport capability, ap-
propriate work function, and must also be cost competitive 
with the established technology. An alternative technique to 
produce promising conducting polymer films is the electro-
polymerization, with the adoption of electroactive mono-
mers. The polymerization through electrochemical deposi-
tion techniques allows synthesizing the polymeric film in 
one step with fine control over the thickness; moreover, a 
mold in the working electrode allows an excellent and sim-
ple pattern of the film [1]. On the other hand, tetrapyrrolic-
based molecules and polymers are very important com-
pounds due to their fundamental roles as light absorbers 
and redox centers in biologic systems, and also because of 
their numerous applications as components in practical de-
vices, such as sensors, medical imaging, antibacterial sys-
tems, etc.[2] Corroles are interesting chromophores belong-
ing to a class of tetrapyrrolic macrocycles with three meso-
carbons and one direct pyrrole–pyrrole bond. 

In this work we show the polymers electrosynthesis, 
spectroelectrochemical and photoelectrochemical charac-
terization of novel substituted TPA- free-base corrol (Cor-
TPA, Fig. 1) conducting polymer films. When the polymer of 
Cor-TPA was used in photoelectrochemical cells, the gener-
ated light-induced charge separated states were able to 
electro- chemically reduce electron acceptors in aqueous 
media. 

2. Experimental

UV–vis absorption spectra were recorded on a diode ar-
ray spectrophotometer in 1 cm cuvettes at room tempera-
ture. Cyclic voltammetry measurements of the monomer 
and films were performed in a potentiostat-galvanostat 
(Electrochemical Instruments), using a one-compartment  

Fig. 1. Structure of cor-TPA 

cell equipped with a Pt or ITO working electrodes, a Pt loop 
as counter electrode and a silver wire quasi-reference elec-
trode. The solutions used for the electrochemical measure-
ments were prepared from Cor-TPA monomer together with 
0.1 M tetrabutylammonium hexafluorophosphate (TBAPF6) 
as supporting electrolyte dissolved in dichloroethane (DCE). 
Ferrocene was used as an internal reference.  

Spectroelectrochemical experiments of the polymer-
coated ITO electrodes were carried out in a cell built from a 
commercial quartz UV-visible cuvette. The cell containing 
the DCE-TBAPF6 solvent supporting electrolyte media was 
placed in the optical path of the sample light beam. Photoe-
lectrochemical experiments were conducted in aqueous 
phosphate buffer solutions (0.1 M) with and with- out me-
thyl viologen (MV+ 2 0.05 M) depending on the experiment. 
The photoelectrochemical measurements were performed 
under potentiostatic control (Palm Sens 4). Action spectra 
were obtained by illumination of the photoelectrodes with 
monochromatic light obtained from a 75 W high-pressure Xe 
lamp (Photon Technology Instrument, PTI). 

3. Results and discussion

Electrochemical film formation and characterization 

The electrochemical processes of Cor-TPA were exam-
ined by cyclic voltammetry (CV) using a Pt electrode in DCE 
with TBAPF6 as support electrolyte, and a silver wire qua-
sireference electrode. Free base corrol shows two oxidation 
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processes. In the forward scan a redox couple at 0.85V is de-
tected and the complementary reduction peak is not com-
pletely observed, showing the process to be not reversible. 
The second oxidation (1.15 V) is irreversible. Furthermore, if 
the electrode is cycled between 0V and the first oxidation, a 
continuous increase in the current is observed (Fig 2). When 
the electrode is removed from the corrol solution, washed, 
and placed in a corrol free solution it presents a bell shaped 
reversible oxidation at 0.9 V with a shoulder at 0.75V. This 
confirms that oxidation of Cor-TPA produces an electroac-
tive film which is irreversibly absorbed on the electrode. 
Upon oxidation, and triphenylamine (TPA) moieties undergo 
the well-known radical cation dimerizations producing 
tetraphenylbenzidine (TPB) units, which conduct to corrol 
electropolymer formation. The TPB dimmers have a lower 
oxidation potential than TPA because of its more extended 
π-system. TPB in solution presents two oxidation and reduc-
tion peaks at potentials slightly cathodic to the TPA wave.[3] 

The absorption spectra of the corrol in DCE solution and 
of the films on ITO electrodes showthe typical Soret and Q-
bands, characteristic of a free-base corrol[35]. Also, the cor-
rol in solution show an absorption band in the UV region 
(~300 nm) due TPA substituents. Also, an absorption band 
at around 350nm is detected that could be related to the 
tetraphenylbenzidine groups formed in the electropolymer-
ization process. Spectroelectrochemistry of the films was 
done in order to gain more information about the oxidation 
processes and to clarify the polymerization mechanism. 
When the films are in the neutral state the spectra show the 
characteristic corrol Soret bands and also the Q typical bands 

of free base. These bands are quite similar to those observed-
for the monomer in solution, indicating that the macrocycles 
have not been altered during the polymerization processes, 
although the bands of cor-TPA film. The spectral changes ob-

served upon redox switching between oxidized and reduced forms 

of the films produced different colorations. During these experi-

ments we found strong and reversible electrochromic effects in 

ambient conditions. In the neutral state (0 V) the films are green 

pale, during the p-doping this color starts to change and finally, 

when the films are totally oxidized, a uniform blue-bluish colora-

tion is observed. The electrogenerated colors are homogeneously 

distributed across the electrode surface, and the color changes are 

easily detected by the naked eye. This implies that the electro-de-

posited films have potential for electrochromic devices generation. 

Photoelectrochemical cells in a three electrode configura-
tion, formed by p-corrol-TPA photoelectrodes, were studied 
in aqueous phosphate buffer (pH 7.5) initially containing 
0.05 M of methyl viologen cation (MV + 2) as sacrificial elec-
tron scavenger and in the aqueous electrolyte pH is adjusted 
at lower values (without MV + 2). When the polymer was 
used in photoelectrochemical cells, the generated light-in-
duced charge separated states were able to electro- chemi-
cally reduce electron acceptors in aqueous media. According 
to the observed results and taking into account the energet-
ics of the system and those related to MV + 2 and H + elec-
tron acceptors in aqueous solution, it is pro- posed that after 
light irradiation of the photoelectrodes. Then the holes 
move to the ITO base electrode and the electrons are trans-
ferred to the MV + 2 (pH = 7.5) reducing the organic acceptor, 

or to the protons in the aqueous media (pH = 4.5), allowing 
the photo- electrochemical generation of H2. 

 
Fig. 2. Electropolymerization of cor-TPA  

4. Conclusions 

Films of TPA substituted corrol were electropolymerized 
on Pt and ITO electrodes to give corroles connected by TPB 
in the polymer was confirmed by electro- and spectroelec-
trochemistry. Switching between the polymer neutral and 
oxidized states produced color changes which can be ob-
served by the naked eye. Corrol-film showed to be efficient 
in the generation of photoelectric effects. Photocurrent ac-
tion spectra matched the absorption spectra of the polymer, 
indicating that they were responsible for the observed ef-
fect. The effect of the applied potential on the photocur-
rents allowed characterizing the films as a p-type semicon-
ductor, and the mechanism of photocurrent generation was 
explained. moieties. A possible oxidative polymerization 
mechanism involving dimerization of TPA units was pro-
posed.  
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