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In this work we have examined the effed of the redox
potential and Hammett parameters of substitunent on the
ligand of metallophthalocyanines on the cdalytic adivity
of phthalocyanines for the eledrooxidation of hydrazne.
For this we use phthalocyanines of Cr,Mn,Fe,Co,Ni and
Cu and also phthalocyanines of same metal (Co) with
both eledron-withdrawing and eledron-donating
substituents on the periphery of the phthalocyanine
ligand, in order to modulate the Co(l1)/Co(l) of the metal
center. The adivity of the different phthalocyanines was
examined by adsorbing them on gaphite dedrodes.
When comparing adiviti es for the different metal chelates, a
plot of log | (at congtant potential) versus Co(ll)/Co(l)
redox potential a parabolic curve is obtained. For some
complexes the rate of the reaction increases with the driving
force of the catalyst (measured as it redox potential) but for
most of them it deaeases. The same plot is obtained when
plotting log | versus the sum of the Hammett parameters of
the substituents on the periphery of the phthalocyanine ring.

A similar curve is obtained when the ligand is kept the same
(phthalocyanine) and the metd is varied (Cr,Mn,Fe,Ni and
Cu) and log | is plotted verus the number of d-eledrons of
the central metdl.

When comparing substituted cobalt phthalocyaines, those
on the declining portion of the arve behave contrary to
what is expeded on thermodynamic grounds; i.e. the more
oxidant phthalocyanines are the least adive. A similar
behavior has been dbserved for the dedroreduction of
oxygen and the dedrooxidation of mercaptothanol [1-3]
and seams to be a common ocaurrence for inner-sphere
readions.

This could be eplained in terms of the following scheme
that includes the ealy steps of the reaction:

NHs + Lo PcCo(ll) 5 [La Pc Co(l)-(N2Ha)'] )

rds
[Ln Pc Co(I)-(N2Hg)*] = Lo PcCo(ll) +NoHse +€ +H"  (2)

The dfed of substituents L is probably refleced on step
(2). Donor groups will favor this gep (more negative
redox potentials) increasing k- The oppdasite should be
true for step (1). However, donor groups might also favor
step 1 since they increase the eledronic interadion
between the HOMO of the donor (N,H,4) and the LUMO
of the accetor (CoPc). We have dhecked this by carrying
out both semi-empiricd (PM3) and ab-initio
(ROHF/CEP-31G) theoreticd cdculations of the energies
of the frontier orbitals involved. This was used to
estimate the intermoleaular hardness np, of the different
donor-acceptor pairs. The higher the hardness the lower
the readivity expeded for step (3,4). Inded, aplot of log
k versus npa gives a linea plot where the rate of the

readion deaeases as Npa increases. This provides an
dternative eplanation for the inverted correlation
between log k and the Co(ll)/Co(l) redox potential.
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