10

Chemistry Letters 2000

Electrophoretic Deposition of Copper Phthalocyanine from
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The formation of a copper phthalocyanine (1) thin film
was carried out using a trifluoroacetic acid (2)/dichloromethane
mixed solution containing protonated copper phthal ocyanines.
A blue film was formed on the cathodic plate with short time
deposition by electrophoretic deposition using this solution.
Scanning electron micrographs showed that this film is com-
posed of fibrous crystallites.

Ever since their synthesisin early this century, phthalocya-
nines continue to be the subject of numerous studies due to the
following reasons: (1) They are chemically stable and yield
brilliant turquoise shades. (2) Therefore, they have been used
as dyes and pigments.22 (3) They function as catalysts, photo-
voltaic materials, senditizers, and so on.2 However, the studies
and applications of their film formation by a wet process are
limited because of their poor solubility in agueous and organic
solvents. Recently, we reported electrochemical formation of
phthalocyanine (1) films using redox active surfactants®# and
by electrophoretic deposition.> These films were formed by
depositon of the particles used for preparation of the disper-
sion. However, formation of a1 thin film by an electophoretic
deposition of monomeric 1 has not been reported.

Recently, it was reported that some unsubstituted phthal o-
cyanines are soluble in an organic solvent containing trifluo-
roacetic acid (2)%7 due to the coordination of protons to perifer-
ic aza nitrogen atoms of the phthalocyanines.” The preparation
of the powders of the phthalocyanines®’ and Langmuir-
Blodgett films of 18 have been reported using this solution. In
this paper, we report the formation of 1 films by an elec-
trophoretic deposition of monomeric 1 from dichloromethane
solution containing 2 and protonated 1, which gives mechani-
caly stable films having fibrous crystallites within a few sec-
onds.

As a copper phthalocyanine, B-type 1 (Dainichiseika Color
& Chemicals) was used. A dichloromethane solution contain-
ing 2 and protonated 1 was prepared by stirring the mixture for
30 min. The ITO and glassy carbon plates were used as the
cathodic and anodic electrodes, respectively. The distance
between these two electrodes was kept at 1.0 cm. Experiments
were done at 25 °C.

The dependence of the electronic absorption spectrum of
the solution of protonated 1 on the concentration of 2 (Figure
1) shows the existence of one isosbestic point a 680 nm and
existence of two protonated species of 1. The bathochromic
shift of the long-wavelength band of this absorption spectrum
has been ascribed to the protonation of 1.7 Such a spectroscop-
ic behavior is similar to that of tetrakis(tert-butylphthal ocyani-
nate)copper(ll) in nitrobenzene containing 2.7 Based on the
equilibrium analysis of the first and second steps using the
dependence of the absorbance of the protonated species on the
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Figure 1 The electronic absorption spectrum of 0.1 mM 1
dichlorometharne solution on the concentration of 2.
Concentration of 2: 0.25M (—), 1.OM (— —), 2.0 M (v
L,AOM(— - —).

concentration of 1, the following equilibrium reaction may
occur:®

CuPc +2HA — CuPc - H,>,2A°
CuPc - H,” 2A"+2HA — CuPc - H,* 4A°

where CuPc and HA indicate 1 and 2, respectively. A blue
film was formed on the cathodic plate (ITO) by application of
100 V cm! between the two plates in a dichloromethane solu-
tion containing 1 M 2 and 1 mM 1 for 5 seconds.® The adhe-
sive force between the film and the ITO was as strong as the
film prepared by the vacuum sublimation technique. The film
was not broken by touch with a finger. The amount of the film
increases with applied potential, which supports the mechanism
that the film formation proceeds via the electrophoretic migra-
tion of the charged species™ The electronic absorption spec-
trum of a 1-chloronaphthalene solution prepared by dissolving
this film was the same as that of previously reported.’> This
agreement indicates that the film is mainly made of 1.

The frequencies, intensities, and width of the two peaks at
500-800 nm (Q band) in the absorption spectrum of the film
are quite similar to those of the «-type 1 spectra reported by
earlier researchers, 1214 which is different from that used for the
preparation of the solution for this film formation (B-type 1).
The X-ray diffraction pattern of this film also supports this
conclusion.’®

Figure 2 shows scanning electron micrographs (SEM) of
the film. The SEM of the cross section of the film (Figure 2a)
shows that the film is densely packed with 1. The SEM of the
surface (Figure 2b) shows that the film is composed of fibrous
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Figure 2 Scanning electron micrographs of the film prepared
by application of 100V ¢cm™ for 5's between ITO and carbon
plates in a dicholomethanc solution containing 1 mM 1 and 1
M 2. Cross section (a) amd surface (b).

crystallites. The size of the crystallites increased with electrol-
ysis time and their shape is different from those prepared by
the sublimation method. In general, 1 films prepared by the
sublimation method are composed of granular or columnar
crystallites.’® These differences can be ascribed to the rate of
the film growth and the atmosphere of the film formation. The
time for preparation of the film (5 s) was much shorter than
that for the sublimed one. Such a short time formation may
lead to such an imperfect film crystalline structure.

The film formation may be explained by the following
mechanism: 1 is dissolved as positively charged protonated
species (1 - H,)?* and (1 - H,)*". These protonated species
electrophoretically migrate to the cathode. The protonated
species is then reduced to yield the monomer of 1 and hydro-
gen. Subsequently, the monomers deposit on the electrode and
form the 1 film.

In conclusion, formation of the 1 film was successfully
carried out using the protonated species of 1 in
dichloromethane containing 2. In this preliminary study, we
confirmed that the present technique can be applied to the for-
mation of the films of other phthalocyanines, e.g., phthalocya-
nines (MPc, M = H,, Fe, Ni, Zn, VO). Such a technique pro-
vide a convenient method to prepare the films of awide variety
of phthalocyanines.
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