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A Phthalocyanine Producing Green, Ocher, and Red Colors Depending on the Central Metals
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Metal complexes of a highly deformed 1,4,8,11,15,18,
22,25-octaphenylphthalocyanine have been synthesized, and
found to show various colors ranging from bright green, ocher,
and red depending on the central metal employed.

Phthalocyanines (Pcs) are one of the most extensively de-
veloped industrial colorants. In the past few decades, they have
been used as dyes and pigments but also in a variety of high
technology applications such as photodynamic cancer therapy
(PDT), nonlinear optics, as electrical conductors, and in high-
density information storage disks.' Pes typically have very in-
tense blue or green colors due to the spectral bands associated
with the lowest energy m-m* transitions (Q-band) in the 650-
750 nm region.2 The color of Pcs can be altered substantially
through the addition of peripheral substituents® or through ex-
tension of the m-conjugation systems.4 The effect of the central
metal on the energy of the Q band is usually relatively small ex-
cept in the case of a few metals such as antimony and bismuth.’
We have recently synthesized metal-free 1,4,8,11,15,18,22,25-
octaphenyl Pc, 1 (Figure 1), whose Q band appears at ca.
790 nm (in toluene) due to a substituent effect associated with
the eight phenyl groups. In addition, there is a remarkable de-
gree of skeletal deformation due to the steric interactions.® A re-
cent paper by Ghosh et al.” based on time-dependent DFT cal-
culations of non-planar transition metal porphyrins predicted
that a specific metal(d)-porphyrin(m) orbital interaction was re-
sponsible for sizable red shifts of the major electronic bands in
the electronic spectra. On that basis we expect metal complexes
of a highly non-planar Pc such as complex 1 also show substan-
tial metal-ligand interactions, which would bring about marked
color changes that would be detectable to the naked-eye. In the
present study, we report colors ranging from bright green to
ocher and then finally to red based on complexes synthesized
with different central metals.

Nickel, zinc, tin, and lead were chosen as central metals
since they can be readily inserted into metal-free Pcs. Tin®
and particularly lead’ complexes are expected to amplify the
structural deformation since the central metal sits above the
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Figure 1. Structures and abbreviations of the
Pcs in this study.

plane of the four pyrrole-nitrogen-coordination site. Metal in-
sertion was performed by reacting 1 with the corresponding
metal salt (ca. 160-190 °C).10 Stable nickel, zinc, and lead com-
plexes (2, 3, and 5, respectively) were obtained without addi-
tional axial ligands. In contrast, unlike normal unsubstituted
SnPc, 4 was isolated only as a dihydroxo complex, despite
the use of chloride salt (SnCly) as the starting material.

Figure 2. Color appearances in solid states (top) and in toluene

solutions (bottom) for tetra-tert-butylated H,Pc, 2, 3,1, 4, and §
(from left to right).

Figure 2 shows the color of 1-5, together with that of tetra-
tert-butylated H,Pc as a reference. The color of each solution is
reasonably similar to that of the corresponding solid. Compared
to the normal blue H,Pc, 1 has a dark green color due to the
bathochromic shift of the Q band by ca. 100 nm. The difference
of the color for each derivative can be clearly distinguished by
the naked-eye. Nickel (2) and zinc (3) complexes show only
slight color changes, but tin (4) and lead (5) complexes show
drastically different colors from those of typical Pcs. Red and
ocher colors appear in the case of 4 and 5, respectively.

Electronic absorption spectra of 1-5 are shown in Figure 3.
Those of 1-3 are typical for Pes,'"'% je. an unsplit Q band ap-
pears in the visible region and less intense Soret bands are locat-
ed in the 300-500 nm region. There is almost no absorption be-
tween 500 and 600 nm of the spectra of 1-3. The Q-band shifts
slightly to the blue after nickel and zinc insertion. Nickel or zinc
complexes of normal planar Pcs also show a hypsochromic shift
of the Q band relative to that of the metal-free species. The
spectra of planar, normal SnPc(OH)213 and PbPc'* exhibit Q
band at 671 and 698 nm, respectively, indicating that tin or lead
do not normally result in marked bathochromic shifts. In con-
trast, the Q bands of 4 and S shifted significantly to the red.
The shift for 5 reached ca. 620cm™! (ca. 40nm). This may
be attributable to the interaction between the highly deformed
Pc skeleton and the protruding central metals. Since the Q band
of 4 and 5 shift to the near-IR region, blue or green colors could
no longer be observed by the naked-eye. Compounds 4 and 5
gain intensity around 500 nm, which may contribute to their
red and ocher colors, respectively. At the longer wavelength
side of the Q band, shoulders are observed for 4 and 5, though
this is not the case for the corresponding planar Pcs. The origin
of these shoulders and band broadening is unknown at present.
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Figure 3. Electronic absorption spectra of 1 (dotted line), 2

(dashed line) and 3 (solid line) (top) and 4 (solid line) and 5
(dashed line) (bottom) in toluene.

High level molecular orbital calculations may be required to
fully investigate this subject.

Table 1 summarizes the first oxidation and reduction poten-
tials (vs ferrocene/ferrocenium) in o-dichlorobenzene (0-DCB).
In general, the oxidation and reduction potentials depend on the
polarizing power of the central metal.”> This was found to be
the case for 2-5, i.e. the potential difference between the first
oxidation and reduction per se correlates well with the most in-
tense Q band energy, despite the fact that 4 is different from
other Pcs in that it has two axial ligands, and therefore it has sig-
nificantly different oxidation and reduction potential values
from the other complexes. Since very limited data have been
available on redox propeties of tin and lead Pcs,'® it is difficult
to draw more detailed conclusions from the data in Table 1.

In summary, we have outlined the drastic color changes that
can occur for the metal complexes of highly deformed octaphe-
nylated Pc. As shown in Figure 3, the Q band shifts from
758 nm for the nickel complex to 831 nm for the lead complex.
This is the first example of complexes based on a specific modi-
fied Pc skeleton which show a systematic trend in color based
on the difference of the central metal. Detailed structural and
spectroscopic analyses will be reported in due course.

Table 1. The first oxidation and reduction potentials
(vs Fct/Fc) in 0-DCB containing 0.1 M tetrabutylammonium
perchlorate

Compound Metal Ox./V  Red./V  Energy gap/V
1 H, —-0.01 -1.39 1.38
2 Ni +0.15 —1.46 1.61
3 Zn -0.22 —1.81 1.59
4 Sn(OH), +40.49 —-0.95 1.44
5 Pb —-022 —143 1.21
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