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The electrocatalytic activity of metal phthalocyanines is controlled by their coordination chemistry and their ability
to bind the reacting molecules as extra-planar ligands. This chemistry is controlled by the nature of both the metal
and the ligand, the latter affecting the electron density located on themetal, which is the active site. In this workwe
have examined the electrocatalytic activity of several Co phthalocyanines having electron-donating or electron-
withdrawing substituents on the ligand in order tomodulate the electron density on themetal center and the bind-
ing energy of peroxide to the active site. We have found that the active species is Co(II) and the catalytic activity as
logi at constant E varies linearly with E°′, the Co(II)/(I) and Co(III)/(II) formal potentials of the catalyst. Essentially,
these results indicate that in order to improve the electrocatalytic activity of Co phthalocyanines it is required to pre-
pare complexes with ligands having more powerful electron-donating substituents, in order to shift the formal po-
tential of the complex to more negative values and decrease the binding energy of peroxide to the metal.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Hydrogen peroxide is a ubiquitous compound in inorganic and bio-
logical reactions [1]. For example it is of paramount importance in bio-
logical systems as it is generated by a large class of enzymes known as
oxidoreductases [2]. Hydrogen peroxide is of interest for various indus-
trial processes such as the pulp and the food industry [1]. It has been
used as a monopropellant or as the oxidizer component of bipropellant
systems in the rocket industry. It has also been employed in the cathode
of some fuel cells [1]. Themost common systems for studying the oxida-
tion of H2O2 and its detection involve Pt [3,4] electrodes modified with
films of inorganic catalysts [3,4] andwithfilms of enzymes [3,5]. Regret-
tably, both electrochemical systems still present major drawbacks. The
inorganic catalyst sensor presents some limitations due to interferents
fromexcipients species in the testmatriceswhich arise from the applied
overpotential needed for the reaction to take place. While the electro-
chemical biosensor is especially affected by a lack of stability, the en-
zyme is affected by other components of the sample.

Amid themost advantageous electrochemical systems for the oxida-
tion of H2O2we can find those constituted of electrodes (e.g. graphite or

glassy carbon electrodes or graphite screen printed electrodes) modi-
fied with MN4 macrocyclic complexes like cobalt phthalocyanines
(CoPc) and cobalt porphyrins (CoP). Metal phthalocyanines and metal
porphyrins (MPcs) have been extensively studied because of the high
catalytic activity shown for several electrochemical reactions [6–34].
For example MN4 macrocyclics catalyze the oxidation of several mole-
cules including hydrazine [9–11,14–16,24], nitrite [17,18] L-cysteine
[19,20], glutathione [12,20], 2-mercaptoethanol [21], and for the reduc-
tion of O2 [9,10,16,22] and of CO2 [23,24]. Several groups have described
the effectiveness of CoPc and CoP as redox mediators for the electro-
chemical oxidation of hydrogen peroxide [26–32]. Only a few reports
have analyzed the oxidation mechanism of hydrogen peroxide by elec-
trodes modified with CoPcs and CoPs. Moreover, there are some dis-
crepancies in the mechanism proposed by different authors. For
example Jiang and Dong [26] have proposed amechanism that involves
the oxidation of CoP(II) to CoP(III) with the formation of a CoP(III)O2H−

adduct and the consecutive reduction of the Co center for peroxide ox-
idation at pHs N 10. However, for pH values b10 it is proposed that the
Co(II)metallic center acts as the binding site for theH2O2molecules. Ac-
cording to these authors, the oxidation of peroxide does not involve the
oxidation/reduction of themetal. At pH values greater than 13, the same
authors reported a decrease in the activity of CoP(III) for H2O2 oxidation
and it is attributed to the strong binding of the oxidized form of the cat-
alyst to the product of the reaction O2 and therefore to the inability of
H2O2 to displace O2 from the active site [26]. Nyokong et al. [32] have
proposed that peroxide oxidation involves the transfer of one-proton,
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one-electron process catalyzed by a Co(III) when testing the activity of a
Co(II) phthalocyanines and porphyrin pentamer modified electrode,
immersed in neutral and alkaline pHs (pHs 7 and 10). Hart et al. [27]
have reported that the oxidation of H2O2mediated by CoPc is pH depen-
dent, and catalyzed by Co(I) and Co(II) as suggested by the presence of
an amalgamated broad oxidation peak. They propose that Co(II) is
chemically reduced to Co(I) by H2O2. These MN4 macrocyclic com-
plexes have been used to develop sensors for the electrochemical detec-
tion of peroxide. For example Wang et al. [28] reported a sensor for
H2O2 based on a CoPc–sol–gel carbon composite electrode andMizutani
et al. [29] reported peroxide detection of oxidation of H2O2 at Co(II)
octaethoxyphthalocyanine. Angnes et al. reported a sensor for the oxi-
dative detection of H2O2 at cobalt oxide/tetraruthenated cobalt-
porphyrin but did not discuss the mechanism of the catalytic process
[30]. In 2009 Kondo et al. reported a sensor based on a boron-doped
electrode modified with 4-vinylpyridine and Co-phthalocyanine [31].

They referred to the same mechanism as the one reported by Nyokong
et al. where the active species is proposed to be the Co(III) state [32].

Hereinwe propose amechanism for peroxide oxidation catalyzed by
Co phthalocyanines at physiological pH.We have found that the catalyt-
ic oxidation of H2O2 occurs at potential close but below that correspond-
ing to the Co(III)/(II) process and that the activity depends on the
surface concentration of Co(II) surface active sites present on the elec-
trode surface. At potentials where the Co(III) state predominates the re-
action is strongly inhibited. We have correlated the activity to the
Co(III)/(II) formal potential as a parameter to predict the catalytic activ-
ity of different Co-phthalocyanine towards the oxidation of H2O2.

2. Experimental

Cobalt-phthalocyanine (CoPc) and cobalt-hexadecafluorophthalo-
cyanine (16(F)CoPc) were obtained from Aldrich. Cobalt-

Fig. 1.Molecular structures of the different Co phthalocyanines used in this study.
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