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A novel class of phthalocyanines substituted with azo group
moieties on the periphery of phthalocyanine ring was synthe-
sized, and they show obvious, broad uncommon absorption band
in the visible region compared to those normal phthalocyanines.

Phthalocyanines (Pcs) are known for their excellent chemi-
cal, light, and thermal stability, and especially for an intense
absorption in the near-infrared region (NIR), leading to a wide
variety of current and potential applications in many fields such
as electrophotography, optical disks, photodynamic therapy of
tumors, and so on.1 Most of modern uses of Pcs are focused
on the electronic properties of the �-electron system of the mac-
rocycles.

Normally, phthalocyanines produce the most intense ab-
sorptions at 660–690 nm (Q-band).2 A great deal of efforts have
so far been made to shift the Q- and B-band of Pcs by extending
the �-system of Pc ring for matching wavelengths of the used
light sources. For this purpose, among approaches is ether that
Pc molecules are benzoannulated3,4 or that electron donors are
introduced onto Pc rings.5,6 In addition, direct attachment of
Pc ring with chromophores through �-conjugated bridges tends
to alter its electronic structures.7,8 In that cases, the Q-band of
Pcs, indeed, undergoes a red shift due to the extension of �-con-
jugated system, and but their absorptions in the visible region are
too weak to be paid an attention. Michael J. Cook etc. has given
indication of an absorption band, but still very weak, for the Pcs
in the 450–600-nm region.9

Inspired by the approaches mentioned above, we made an
attempt to attach electron donors through �-conjugated bridges
onto the Pc ring to enlarge the absorption spectra of Pcs. To the
best of our knowledge, there has been no report about Pcs with
N,N double bond connected directly onto the Pc ring. Here we
describe the preparation of the novel phthalocyanines containing
N,N-diethylaminophenyl azo group on the periphery. The new
compounds show obvious absorption band in the visible region
besides the intense Q-band.

Compound 1, tetrakis[4-(N,N-diethylamino)phenylazo]-
phthalocyanine, and compound 2, tetrakis[4-(N,N-diethylami-
no)phenylazo]phthalocyaninato copper,10 were conveniently
prepared in three steps from 4-nitrophthalonitrile according to
Scheme 1. Compound 1 and 2 are a black powder and a black-
brown powder, respectively, and easily dissolved in THF.

Figure 1 shows the UV to near-IR spectra for 1 and 2, as well
as 3 for a comparison. The �max of the Q-band is about 759 nm
("� 759 nm: 1:5� 105 M�1 cm�1) for compound 1 and about
735 nm ("� 735 nm: 1:6� 105 M�1 cm�1) for compound 2, re-
spectively. Compared to the normal Pcs,2 the Q-band of the
new Pcs with the azo moieties on the Pc ring has a significant

red-shift, by about 90 nm for 1 and about 40 nm for 2, respective-
ly. In general, the red-shift of Q-band is a common feature for
substituted Pcs.1,9,11,12 It is noteworthy that the B-band absorp-
tion usually at about 350 nm for the normal Pcs2 is not observed
in the spectra of the new Pcs. Instead, a middle and broad new
absorption band appears approximately at between 300 and
600 nm. The �max of the B-band is about 415 nm ("�415 nm:
7:5� 104 M�1 cm�1) for 1 and 415 nm ("� 415 nm: 5:9�
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Figure 1. The absorption spectra of compound 1, 2, and 3 in
THF.
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104 M�1 cm�1) for 2. As for as the IR is concerned, the com-
pound 1 and 2 have a very similar pattern ranging from 3000
to 1000 cm�1. But 1 has an additional middle and broad absorp-
tion at �3450 cm�1 assigned to the N–H stretching vibration as
compared to 2.

It is very interesting that 1 and 2 can easily and stably be ad-
sorbed onto the surface of TiO2. Their absorption spectra adsorb-
ed onto thin TiO2 film is shown in Figure 2. They show more in-
tensive absorption in the visible region than the Q-band in the
near-IR region, and the Q-band turns much broad compared to
their spectra in THF solution.

Previous reports on Pcs were mainly focused on the near-IR
absorption band and gave little indication of the absorptions in
the visible region owing to their very weak absorptions com-
pared to the Q-band. The notable red-shift of the Q-band as well
as the shoulder is a common feature of Pcs’ electronic absorption
spectra, which can be assigned to an electronic transition to a
higher energy level, and to the elongation of �-system of phtha-
locyanines.12 The new and obvious absorption band appearing in
the visible region for the new Pcs could be attributed to the com-
bination of the red-shift of B-band and the absorption of the azo
group introduced onto the Pc ring. It is well known that azo com-
pounds usually show intense absorptions in the visible region
(400–650 nm).13 For instance, the precursor 3 produces an in-
tense absorption from 450 to 550 nm (Figure 1). Obviously, here
is the first observation of the new absorption band having effec-
tively broadened the spectral absorption range of the Pcs. This
kind of additional absorptions is really uncommon, and might
entrust some novel opto-electronic properties to the Pcs.

In summary, we have prepared a new class of Pcs containing
azo structure on the periphery and enriched categories of Pcs.
The present result provides an important suggestion for enhanc-
ing the absorptions and enlarging the range of spectral absorp-
tions for Pcs, which may entrust some new optical, electronic,
and chemical properties to them. They are expected to find
applications in organic opto-electronic conversion devices such
as solar cells and photoconductors, in which research is currently
under way.
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Figure 2. The absorption spectra of compound 1 and 2 adsorb-
ed in thin TiO2 film.
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