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Formation of Copper Phthalocyanine Films by Electrophoretic Deposition
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A copper phthalocyanine (1) film was formed on an indium-
tin oxide (ITO) electrode with a short deposition time by
electrophoretic deposition using a 2-butanone dispersion
containing 1 and a small amount of iodine. A spectroscopic
study showed that the crystalline form of 1 is maintained
throughout the film formation processes.

Films of copper phthalocyanine (1) and its derivatives
continue to be the subject of numerous studies due to the follwing
reasons: (i) they are applicable to many devaces as thin films;
(ii) they are the most stable of the phthalocyanine compounds;
and (i1i) a variety of halogenated derivatives are commercially
available. The technique for the preparation of these films is
limited to vacuum sublimation because of their insolubility in
most of organic solvents. Previously, we demonstrated the
formation of a 1 thin film by the electrochemical oxidation of
surfactants containing a ferrocenyl group.24 Furthermore, we
reported the electroless plating of a 1 thin film b;/ the reduction
of the surfactant having an azobenzene group.” On the other
hand, formation of the phthalocyanine film using the
electrophoretic deposition technique has not been reported except
for a few cases in spite of many reports on the film formation of
inorganic compounds using this technique.6

In this paper, we report the formations of 1 films by an
electrophoretic technique, which enables control of the crystalline
structure of the 1 film and a short film deposition time. In this
technique, small charged particles are deposited onto the substrate
under an applied electric field. In many cases, the adsorption of
a proton on a particle has been used to obtain charged particles.7'12
To get charged particles, we used the 2-butanone (acetone)/iodine
system. ™

In this experiment, we mainly used 2-butanone in place of
acetone due to its lower volatility than acetone. As the film-forming
material, a-, B~ and e-type copper phthalocyanines (particle size
0.1-0.2 um, 1a-¢, Dainichiseika Color & Chemicals (1a, 1b),
BASF Japan, Ltd. (1¢)) were used. A 2-butanone dispersion
containing iodine and 1 was prepared by twice sonicating the
mixture for 10 min (Tomy Seiko Ultrasonic Disruptor Model
UR-200P). 1 soon precipitated without iodine. The ITO and glassy
carbon plates were used as cathodic and anodic electrodes,
respectively. The distance between these two electrodes was kept
at 1.0 cm. Film formations were done at 25°C.

Transparent blue films of 1a-e¢ were formed on the cathodic
plate (ITO) by application of 30 V cm™ between these two plates
in a 2-butanone dispersion containing 0.7 mM (1 M = 1 mol
dm®) iodine and 1 mM 1. A similar blue film was formed using
an acetone dispersion of 1b.

Formation of a dispersion of 1 as a powder is ascribable to
the formation of charged particles due to the adsorption of a
proton by the reaction of 2-butanone with iodine in the presence
of a small amount of water, which was estimated from the
acctone/iodine system as shown in the following manner. 12,13
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Figure 1 shows the absorption spectra of the la-¢ films
prepared by the electrophoretic deposition technique. The shape
of these spectra at 500-800 nm (Q band) depends on the crystalline
form of 1 used for the preparation of the dispersion. The
frequencies, intensities, and width of the two peaks (Q band) are
quite different among the three spectra. These characteristics are
quite similar to those of the spectra reported by earlier workers.™'*
These results indicate that the crystalline structures of the 1
powders are maintained throughout the film formation processes.
These results indicate that we can control the crystalline structure
by the electrophoretic technique.

Figure 2a shows a scanning clectron micrograph (SEM) of
the surface of the 1b film. This SEM shows that the film is

3.00

Absorbance

400 500 600 700 80O
Wavelength / nm

Fig. 1. Absorption spectra of 1 films on the ITO prepared by
appling 30 V cm™ for 5 s between the ITO and glassy carbon
plates in a 2-butanone dispersion containing iodinc and 1. (—)
ImM 1a and 0.5 mM iodine; (**+) ImM 1b and 0.7 mM iodine;
(--) 1ImM 1c and 1 mM iodine.
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Fig. 2. Scanning electron micrographs of a surface (a) and a
cross (b) section of a 1b f{ilm on the ITO prepared by application
of 30 V em” for 60 s between the ITO and glassy carbon plates
in a 2-butanone dispersion containing 1 mM iodine and 1 mM
1b.
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Fig. 3 Amount of the film vs. concentration of 1b. These films
were prepared by appling 30 V ecm™ between the ITO and glassy
carbon plates in a 2-butanone dispersion containing 0.7 mM iodine
and 1b for 10 s.
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composed of 0.1-0.2 pm particles. The shape and the length of
these particles are the same as those used for the preparation of
the dispersion. These results also support the conclusion from
the above absorption spectra. The SEM of the cross section (Fig.
2b) shows that the thickness of the film is uniform. The thickness
ol the 1b film was 1.2 and 2.3 pm for depostion time of 10 and
60 sec, respectively. The amount of the [ilm increases with the
concentration of 1b (Fig. 3). When a dispersion containing 20
mM 1b and 0.7 mM iodine was used, the thickness was 28 um
for the 10 s deposition time. Such a short deposition lime may
be an advantage over other methods.

To our knowledge, this is the first report of the formation of
the 1 film using an electrophoretic deposition technique. Such an
electrophoretic deposition technique provides a convenient
method to prepare the films of copper phthalocyanine compounds.
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