PREPARATION OF COBALT (II) POLYPORPHINE FILMS BY ELECTROCHEMICAL METHOD and THEIR Catalytic Properties
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Introduction

Electroactive materials produced by introduction of porphyrin macrocycle into conjugated polymer film are of great practical interest. Basing on a new recently developed high-efficiency method of Mg(II) porphine (MgP) synthesis [1], homopolymers of Mg(II) porphine (pMgP) with original optical and electrical properties were obtained [2] by means of direct electropolymerization of MgP. It opens the route towards other representatives of this new electroactive polymer family [2, 3], via the replacement of coordinated Mg(II) ions inside already formed pMgP film at the electrode surface leading to pMP (M = Zn, Co, Fe, Mn…). Such transition-metal containing polyporphine materials might be prospective as catalysts of various processes, in particular for the oxygen reduction, owing to the presence of MeN4 active centers, as it has been found for corresponding molecular porphyrins. Polyporphines possess an important advantage, compared to other porphyrin-based polymers, as having the maximal possible content of this macrocycle due to the absence of polymer chains of a different nature or linking/substituent groups.
Use of the routine metalation method of the tetrapyrrole heterocycles, i.e. the treatment of the free base polyporphine with a metal ion salt, had allowed us to prepare for the first time polyporphines of cobalt and zinc [3]. However, this method suffers from potential contamination of the polymer by salt hydrolysis products, as well as from poor adhesion and poor stability of the electroactive layer, extended duration of the procedure and high temperature (requiring a sufficiently high thermal stability of the polymer and the support). 

The goal of this work has been to develop an alternative method of the metalation of polyporphine films, with substitution of thermal treatment by electrochemical polarization of the film in solution of the corresponding metal salt (cobalt salt in this study) and test these polyporphine films in oxygen electroreduction reaction in aqueous solutions.
Experiments

First, magnesium(II) polyporphine of type I, pMgP, have been prepared by electrooxidative polymerization of MgP in acetonitrile-based (AN) electrolyte solution. This procedure results in polymeric film formation at the electrode/electrolyte interface. Then, the film was demetalated by ion exchange of Mg(II) by protons from solution of CF3COOH, according to the method described in Ref. [3]. The subsequent metalation step was performed via electrochemical treatment (fig. 1) in solution of cobalt perchlorate (AN) by application of several cycles of linear potential sweep between certain limits. CV experiments with polymer-coated electrode transferred to background electrolyte in the wide potential intervals were used for metalated films characterization.
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Figure 1. Scheme for introducing a metal cation into the free base polyporphine film with the use of the electrochemical procedure

Additionally resulting films were characterized by means of UV-Vis and IR spectroscopic techniques.

Results and Discussion
Freshly polymerized pMgP film on Pt electrode demonstrates following electrochemical behavior (fig.2a, black line): it may be in a neutral (insulating) or in a positively or negatively charged (conducting) state, depending on the electrode potential. Replacement of Mg by 2H sifts the potential intervals of these redox-transitions to positive direction on about 0.3V (fig.2a, grey line). It was found that being placed to 0.5mM Co(ClO4)2 in AN (with 0.1 M TBAPF6 as background electrolyte) and treated electrochemically in the CV regime (between -1.1V and +0.4V), free base polyporphine film reveals the progressive growth of positive and negative currents at the potential range of Co(I)/Co(II) and Co(II)/Co(III) redox-transitions (fig.2b). After the saturation of this growth (about 30 cycles later) and transfer of the electrode to cobalt-free background electrolyte these redox-transitions still present (fig.2a, dashed line). This fact testifies in favor of almost complete replacement of 2H by Co(II) ions according the scheme on fig.1 [4]. 
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Figure 2. (a) - CV-responses of pMP (M = Mg, 2H, Co) film-coated Pt electrode in contact with 0.1M TBAPF6 + AN solution (potential range: between −2.0 V and 0.4 V). (b) - multi-cycle CV response of of pH2P film-coated Pt electrode in 0.5mM Co(ClO4)2 + 0.1M TBAPF6 +1.5mM Lutidine+AN. Cathodic limit: -1.2 V. All potential values are given vs. Ag/0.01M AgNO3 + AN. Scan rate: 0.1 V/s
We have also studied oxidative transformation of thus obtained cobalt polyporphine films, which results in condensed structure materials (transition of polymer of type I into polymer of type II, pCoP-II), characterized by combination of electrochemical and spectroscopic methods. The behavior of pCoP-II polymer films in oxygen electroreduction reaction was studied by means of CV and stationary voltammetry in alkaline medium (fig.3a, b).
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Figure 3. (a) – Stationary curves (Scan rate: 0.1 V/s) and (b) cyclic voltammograms of the Pt and glassy carbon electrodes without a film and glassy carbon electrode coated with a pCoP-II film, 0.1 M NaOH in H2O. All potential values are given vs. RHE.
As one can see from these plots, the pCoP-II films possess catalytic activity with respect to oxygen and are of interest as platinum-free catalysts of oxygen electroreduction. Comparison of these results with recent literature data for similar materials published in top electrochemical journals has allowed to make favorable conclusions on attractive prospects of synthesized polymeric materials for a broad range of applications.
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