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Phthalocyanines (Pc’s) have been of interest for many years
and are used in a wide array of chemicahd materiakrelated
processes as catalyStsensord,and nonlinear optical devicég:>
Synthetic methods used to prepare both metallo (MPc) and
nonmetallo (HPc) phthalocyanines are extremely diverse and
typically involve heating phthalonitrifeor related 1,3-diimi-
noisoindoline compoundsn the presence of either a templating
transition metal salt or Li and Mg alkoxidésThese slow auto-
condensation reactions are generally carried out in high boiling
solvents and result in the isolation of variable quantities of MPc
or H,Pc products after extensive purificatibnLess frequently
used methods of preparing MPc complexes involve the metalation
of H,Pc ligands with metal alkoxide compleRés refluxing DMF
and the electrolysi8 of phthalonitrile in the presence of metal
salts in ethanol.

During the course of our studies investigating the electrocata-
lytic properties of electropolymerizable tetraaminophthalocyanine
(TAPc) compound&!'? we have discovered a new way of
metallating electropolymerized metal-free polyTiAPc films by
cyclic potential scanning in the presence of cobalt(ll) salts. The
resulting cobalt-exchanged poly-GBAPc films display spec-
troscopic and catalytic properties identical to films produced
directly by the electropolymerization of CoTAPk.

Tetraaminophthalocyanine §HAPc) was synthesized by re-
ducing tetranitrophthalocyanitiewvith aqueous Ng&'4 according
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to the method of Achaet al'®> The resulting blue-green solid is
soluble in DMF and DMSO but generally insoluble in other
common organic solvents and water. As with metallo-TAPc
compoundg}*8 H,TAPc can be oxidatively electropolymerized
in DMSO' or DMF solutions by repeatedly cycling between
—0.20 and+0.90 V vs Ag/AgCI (see Supporting Information).
Figure 1a illustrates typical changes observed in the-Wigible
spectra of a thin film of poly-HTAPc coated on an indiumtin
oxide ITO electrode at different applied potentitisAt 0.0 V

the spectrum of the film resembles that ofTAPc dissolved

in DMSO Several notable changes in the spectrum of poly-
H,TAPc films, however, are observed as the applied potential is
made more cathodic. In particular, the E band initially centered
at 342 nm is red shifted, while the Q-band initially centered at
748 nm increases in intensity and also is red shifted. Interestingly,
the spectroelectrochemical behavior of poly-CoTAPc fiffi%
differs from that of poly-HTAPc films (Figure 1b) in that an
additional peak is observed at 464 nm for poly-CoTAPe- 4t0

V. Guarret al. have assigned this band to a CetlJAPc metal-
to-ligand charge-transfer transitiéf.

Figure 1c displays the spectrum of a cobalt-exchanged poly-
H,TAPc film (poly-CaxTAPCc) coated onto an ITO electrode.
Metalation of the film is accomplishé¥iby repeatedly cycling
the poly-HTAPc coated electrode frorm0.25 to—1.0 V vs Ag/
AgCl in a degassed 0.1 M TBAP/DMSO solution containing
either 10 mM CoCl or 10 mM Co(CIQ), (see Supporting
Information). Changes in the spectra of the cobalt-exchanged
film at various potentials are virtually identical to those observed
above for the poly-CoTAPc modified electrode, and the appear-
ance of a band at 464 nm atl.0 V appears to be diagnostic of
the presence of CoTAPc in the polymer film. This result suggests
that cobalt(ll) ions in solution are not only penetrating the poly-
TAPc film at potentials more negative that0.7 V but are also
incorporated into the phthalocyanine macrocycle producing poly-
CoTAPC.

To test this hypothesis, we poised a polyHAPc modified
ITO electrode in a stirred degassed 0.1 M TBAP/DMSO solution
containing 10 mM CoGlat 0.0 V vs Ag/AgCl for~3 h. The
spectroelectrochemical behavior of the film was then evaluated
in a fresh 0.1 M TBAP/DMSO solution and found to be
unchanged, confirming that no poly-GBAPc is formed at 0.0
V. In addition, no significant Co exchange was detected for the
polymer coated electrode upon cycling betwedh25 and—0.60
V. However, for potential scans beyoreD.70 V, cobalt was
found to readily exchange into the polyFAPc film and bond
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Figure 1. In situ UV —visible spectra at potentials from 0.00 tdl.25

V (0.25 V increments) in 0.1 M TBAP/DMSO solution for (a) polyH
TAPc, (b) poly-CoTAPc, and (c) poly GI@APc on ITO electrodes.
Arrows denote direction of absorbance change with increasingly negative
potential. Polymer films were made under standard conditions using 50
oxidation—reduction cycles (see Supporting Information and ref 18).
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to the phthalocyanine ligands. The ionophoric behavior of poly-
MTAPc films has been noted by othéfé” and poly-BTAPc
films appear to behave in a similar manner.

Both H,TAPc and poly-HTAPc display two one-electron redox
processes in DMSO at0.72 and—1.26 V vs Ag/AgCl (Sup-
porting Information). It appears that the cobalt-exchange process
involving poly-H;TAPc films occurs at potentials close to the
first of these, which is thought to involve the reduction of the Pc
ring.!? At the present time, we speculate that the mechanism of
metal incorporation into the polymer involves reduction of
occluded Cbions to Cé by the reduced poly-fTAPc film. The
Cd ions in turn are stabilized by coordination to the phthalocya-
nine macrocyclic ligands. Similar electrochemically mediated
reduction of metal ions such as Pt in conducting polymers has
been observed for poly-violog&nhand poly-Ru-bip§° coated
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Figure 2. Cyclic voltammetry for (a) poly-HTAPCc, (b) poly-CoTAPC,
and (c) poly-CeTAPc modified glassy carbon electrodes in aqueous 0.1
M KH2PQO,, with (solid line) and without (dashed line) 12 mM cysteine.
Polymer films were made under standard conditions using 50 oxidation
reduction cycles (see Supporting Information and ref 18).

H,SO, and 0.1 M NaOH solutions. Furthermore, these films are
able to catalyze the reduction of, ® H,O, and HO, identical

to poly-CoTAPc films, thus providing further evidence that the
exchanged cobalt is bound to the phthalocyanine ligands of the
polymer.

To further confirm the metalation of the macrocyclic ligands
in poly-H,TAPc films, we examined the propensity of poly-
CoTAPc modified electrodes to electrocatalytically oxidize
cysteine. As shown in Figure 2a, no oxidation current is detected
for cysteine using the poly-HAPc coated electrode, whereas
both poly-CoTAPc and poly-G@rAPc coated electrodes dem-
onstrate the shifted onset of oxidation and the anodic current
during cathodic sweeping that is characteristic of cysteine
oxidation electrocatalyzed by CoTAPc filn#s.Thus, the presence
of CoTAPc in the film is crucial to the catalytic activity.

We are presently examining the generality of this new elec-
trochemically induced metal exchange process with palyAfPc
and related poly-aminophenylporphyrin films to determine other
metal ions which exchange into the polymer films. This approach
offers several potential advantages in preparing chemically
modified electrodes such as (i) control of the quantity and
dispersion of the active metal species in the polymer, (ii)
regeneration of metal depleted polymers, and iii) doping more
than one metal into metal-free polymer films.

electrodes. However, in these studies the occluded metal ions

were reduced completely to the metallic state and formed
aggregates of pure metal trapped in the polymer films. Interest-
ingly, for the latter complexes, the metal leaches readily from
the films upon oxidation in strongly acidic or basic solution. Poly-
CaxTAPCc films, on the other hand, are stable in both 0.05 M
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