ELSEVIER

Available online at www.sciencedirect.com

SCIENCE<dDIRECT®

Journal of Electroanalytical Chemistry 576 (2005) 323-332

Journal of )
Electroanalytical
Chemistry

www.elsevier.com/locate/jelechem

Electro-oxidation of phenol and its derivatives on
poly-Ni(OH)TPhPyPc modified vitreous carbon electrodes

Joseph Obirai ?, Fethi Bedioui °, Tebello Nyokong **

& Department of Chemistry, Rhodes University, P.O. Box 94, Grahamstown 6140, South Africa
® Unité de Pharmacologie Chimique et Génétique, UMR CNRS No. 8151/U INSERM No. 640, Ecole Nationale Supérieure de Chimie
de Paris, 11 rue Pierre et Marie Curie, F-75231 Paris, France

Received 4 September 2004; received in revised form 3 November 2004; accepted 8 November 2004
Available online 2 December 2004
&

>

Abstract

The electrochemical oxidation of phenol and its derivatives using poly-nicke
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roxy tetraphenoxypyrrolephthalocyanine (poly-

Ni(OH)TPhPyPc) modified vitreous carbon electrodes are described. The 1Rs were formed by the electro-transformation of the
electropolymerized pyrrole-substituted phenoxyphthalocyanine poly-NiT Pc modified electrode in aqueous 0.1 M NaOH solu-
tion. The poly-Ni(OH)TPhPyPc films showed better stability and resista&e to electrode fouling compared to poly-NiTPhPyPc and
unmodified electrodes. The resistance to surface fouling and stability@an be attributed to the structure of the ring substituent on the
phthalocyanine macrocycle and to the particular O-Ni-O bridg&é?chitecture of the nickel phthalocyanine film.

© 2004 Elsevier B.V. All rights reserved.

S
Keywords: Nickel tetra-4-(pyrrol-1-yl)phenoxyphthalocyaniney ]%ectrotransformation; Nickel hydroxyphenoxyphthalocyanine; Phenol electro-
oxidation; Cyclic voltammetry R
zO
&
1. Introduction QO strong adhesion to the electrode [6,7]. Thus a wide range
\e of surface treatment and modification approaches has

Recent decades have seen &Siderable effort in-
vested in the determination of phenolic compounds in
environmental, industrial, food and clinical matrices.
Facile electrochemical oxidation of phenol and its deriv-
atives at solid electrodes has been reported [1-3], but it is
usually marred by the irreversible fouling of the elec-
trodes as a result of the formation of non-conducting/
passivating polymer films derived from electrogenerated
phenoxy radicals [4,5]. A number of factors have been
reported to affect the extent of surface passivation, such
as phenol concentration, structure of the phenolic com-
pound and operational conditions. Electro-oxidation of
phenol produces tars on the electrode surface that slow
down oxidation with characteristic low permeability and
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been used for the prevention of surface fouling and
restoration of electrodes during detection of phenolic
compounds [8-10].

Chemically modified electrodes using transition metal
complexes provide strategies for improving the perfor-
mance of solid electrodes by incorporating catalytic sites
at the electrode|solution interface [11,12]. The redox
properties of transition metal phthalocyanines, porphy-
rins, Schiff bases etc. can be used to provide an electro-
catalytic membrane for the voltammetric/amperometric
measurement of species [13,14]. In particular, Ni(I)
macrocycles have been shown to be good electrocata-
lysts for the oxidation of phenols and chlorophenols
[15,16]. Nickel macro complexes (cyclam, salen, porphy-
rins, phthalocyanines etc.) in alkaline aqueous solution
offer efficient electrode molecular materials for the
electrocatalytic activation of alcohols, phenols, urea,
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