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In this work we have examined the dfed of substituents
on phthalocyanines of cobalt and iron on their caalytic
adivity for the dedrooxidation of hydrazne. The
adivity of the different substituted phthalocyanines was
examined by adsorbing them on graphite dectrodes. The
complexes used with eledron-donating groups were: cobalt-
octaethylhexyloxyphthalocyanine (CoOEHPc); cobalt-
tetraneopentoxyphthalocyanine  (CoTNPFc);  cobalt-
tetramethoxyphthal ocyanine (CoMeOPc) cobalt-
tetraaminophthalocyanine (CoTAPc) and cobalt-2,3
naphthalocyanine (CoNPc). Unsubstituted cobalt-
phthalocyanine (CoPc) was also used. Complexes with
eledron-withdrawing goups were wbalt-
tetranitrophthalocyanine (CoTNPc) and  cobalt-
dodecdluorophthal ocyanine (CoPcFg).

Fig.1 shows typicd results obtained for the oxidation of
hydrazne caayzed with cobalt phthalocyanines sibstituted
with bah eledron-donating (left part of the arve) and
eledron-withdrawing (right part of the airve) groups on the
periphery of the ligand. The datais presented asa plot of log
| (at congtant potential) versus Co(ll)/(I) formal redox
patential of the caalyst. For some mmplexes (on the right)
the rate of the readion increases with the driving force of
the caalyst (measured as it redox potential) but for those on
the left 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 curveis obtained when the ligand is kept the same
(phthalocyanine) and the metal is varied (Cr,Mn,Fe,Ni and
Cu) and log | is plotted versus the number of d-eledrons of
the central metal.

Results smilat to those in Fig.1 are obtained when using
iron ursubstituted phthalocyanine (FePc) and substituted
iron phthalocyanines with eledron-donating goups iron-

tetramethoxyphthal ocyanine (FeMeOPc) iron-
tetraaminophthal ocyanine (FETAPC) iron
tetracarboxyphthal ocyanine (FeTCPc) iron-2,3

naphthal ocyanine (FeNPc) and with eledronwithdrawing
groups were iron-tetranitrophthal ocyanine (FETNPc) and
iron-dodecadlorophthal ocyanine (FePcF ).

The volcano-shaped curve in Fig.1 and that observed with
Fe complexes (not shown) can be explained in terms of the
ealy steps of the reaction (the overall readion involves the
transfer of 4-€ to give Ny). According to the mechanism
proposed below, the rate of the readion will be given by
v = Kj ks [L, Pc M(ID][N2H4[OHT. K;is the eyuili brium
constant of step 1and k, s the rate mnstant of step 2
The chemicd order of the reaction isone in hydrazne and
in OH ionsasfound previously (1),

NoHs + LaPeM(Il) S [Ln PeM(1)-(N2Ha)'] @

rds
[Ln PcM(1)-(N2Hg) ] = Lo PcM(Il) + NoHze +€ +H* 2

The maximum catalytic adivity observed in Fig. 1 could
be the result of a combined effea of steps 1 and 2 in the
mechanism propased above, that will affed the values of
K; and k,. Eledron-withdrawing groups will increase K,
sincethey will stabilizethe M(I) state. Eledron-donating
groups will favor step 2 (they stabilize the M(Il) state)
and increase the value of k,, which isthe rate-determining
step. The observed rate mnstant k is K;k, shows then a
combined effed of both fadors.

As indicated above, similar correlations to that shown in
Fig.l is obtained when the sum of the Hammett
parameters of substituents is used instead of the redox
potential. The concave downward volcano correlation of
rates versus the sum of the Hammett parameters has been
long krown to be asssciated to effed where danging
substituent changes the rate-determining step (2). This
could be an aternative explanation as the cdalysts on the
ascending portion of the volcano exhibit Tafel slopes
close to 012 V/decale whereas the complexes on the
descending portion of the volcano show slopes close to
0.06V/decade. The mechanism presented in steps 1 and 2
agrees with aslope of 0.12 V. However, for complexes
which formal potential in the region where the oxidation
of hydrazne takes place the surface overage of M(Il)
spedes which are the adive sites are potential dependent.
This could deaease the Tafel Slopesto 0.06V.
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Figure 1. Comparison of adivities (as currents at constant
potential) for the oxidation of hydrazne versus the formal
potential of the Co(Il)/(l) couple of different substituted
cobalt phthalocyanines adsorbed on ordinary pyrolytic
graphite. Dataobtained at pH 13.
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