Available online at www.sciencedirect.com
scmuce(dnlnsc'n Q,

ELSEVIER Journal of Molecular Catalysis A: Chemical 227 (2005) 209-216

JOURNAL OF
MOLECULAR
CATALYSIS

A: CHEMICAL

HVINO3 10N

www.elsevier.com/locate/molcata

Hydrogen peroxide oxidation of 2-chlorophenol and 2,4,5-trichlorophenol
catalyzed by monomeric and aggregated cobalt tetrasulfophthalocyanine

Bolade Agboola, Kenneth I. Ozoemena, Tebello NyoKong

Chemistry Department, Rhodes University, P.O. Box 94, Grahamstown 6140, South Africa

Received 7 September 2004; accepted 23 October 2004
Available online 8 December 2004

\Z
Abstract CO&

Cobalt tetrasulfophthalocyanine (CoTSPc) was used to catalyze the oxidation o orophenol (2-CP) and 2,4,5-trichlorophenol (TCP)
using hydrogen peroxide @@,) as the oxidant. This CoTSPc catalyzed hydrogenﬁéromde oxidation of chlorophenols resulted in the
formation of different types of oxidation products depending on the solvent ¢ ions. In water/methanol conditions (where CoTSPc is
mainly monomeric, and unionized forms of the phenols), phenol and hydro, one were the main oxidation products, while in phosphate
buffer solutions (pH 7 and 10 for TCP and 2-CP, respectively, where C Pc is mainly aggregated, and ionized forms of the phenols),
benzoquinone was the main product. In contrast to CoTSPc, other MTQScomplexes studied (AITSPc, CuTSPc and NiTSPc) exhibited no
detectable catalytic effect on the oxidation of chlorophenols under thg eXperimental conditions employed, thus proving the effect of the central
metal ions on efficient catalysis of chlorophenol. Reaction pathwagSre proposed based on the relative time of oxidation products formation.
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1. Introduction forthe oxidation of chlorophenols since these complexes have
a wide range of readily available oxidation states. Iron and
Chlorinated organic compound as 2-chlorophenol manganese tetrasulfophthalocyanines complexes have been

(2-CP) and 2,4,5-trichlorophenol ) are well known re- extensively studied as biomimetic catalysts for the oxidation

calcitrant pollutants, despite th seful applications as pes-of chlorophenols in the presence of an environmentally clean
ticides, lubricants and soIverij’Js Polychlorinated aromat-  hydrogen peroxide (FD2) oxidant[6—12]. Cobalt tetrasul-
ics in particular are resistant to biotransformation in the en- fophthalocyanine (CoTSPc) has however, not been explored
vironment to less harmful analogues, and the toxicity and for the catalytic oxidation of chlorophenols, even though it
resistance to degradation of chlorinated organic compoundsis produced industrially in large amounts as a catalyst for
increases with the number of halogen substitufs]. Ef- the oxidation of mercaptans in gasoline fractidi3—16].
ficient chemical catalysts are needed to convert chlorinatedCoPc complexes have rich redox chemistry and, because of
phenols to more biodegradable molecules. Complete degra-their high catalytic activities, have been more widely em-
dation to carbon dioxide (C£is desirable. Itisalso desirable  ployed in electrocatalytic reactions than their FePc or MnPc
that the catalystis active but does not completely self-destructcounterparts. It is surprising therefore that, up to date, there
through oxidation. have been no detailed literature reports on the catalytic ox-
Some metallophthalocyanine (MPc) complexes are impor- idation of chlorinated phenols by any CoPc complex. FeT-
tant industrial dyes hence readily available. MPc complexes SPc and MnTSPc catalysts exist msoxo dimers, which
containing electroactive central metals are preferred catalystshave to undergo cleavage before the formation of the ac-
tive form of the catalysts. CoTSPc on the other hand does
* Corresponding author. Tel.: +27 46 622 8850; fax: +27 46 622 5109. N0t formp.-oxo dimers. For MPc catalyzed reactions, the na-
E-mail addresst.nyokong@ru.ac.za (T. Nyokong). ture of the catalyst would be dependent on the nature of the
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