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Abstract

Two kinds of phthalocyaninatocobalt(II) with di�erent substituents have been synthesized. Complexation of imida-
zole was observed to proceed in two steps to form a mono- and, subsequently, a di-imidazole complex in solution. It is

thought that the steric e�ect of the substituents on the ring, control the number of coordinated imidazole molecules.
The stoichiometry of the complexes was determined by Job's titration method and the formation constants were then
evaluated. The absorption spectrum of phthalocyaninatocobalt(II) exhibits a very broad band in thin ®lms due to

molecular aggregation while its di-imidazole adduct showed a sharp and red-shifted absorption band which is critical
for optical recording materials. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Phthalocyanines have been widely used as pig-
ments and p-type organic photoconductors for
electrophotography. They also have potential
applications in gas-sensing devices, photovoltaic
cells, electrochromic displays and in the photo-
dynamic therapy of certain types of cancers [1,2].
They are useful for optical recording medium in
optical disks since they e�ectively absorb GaAs
semiconductor laser light [3]. Although many
phthalocyanine dyes have been patented for use in
optical recording medium [4±6], fundamental
research on their spectral properties has been lim-
ited. For optical recording medium, high re¯ection

at the wavelength of the semiconductor laser is
required. For this particular application, a sharp
and strong absorption band capable of matching
the writing laser wavelength is necessary to obtain
high re¯ectivity [7]. However, phthalocyanines
have a high tendency to form molecular aggre-
gates [8] both in solution and in thin ®lms and
these aggregates display a broad absorption band
which is not suitable for optical recording materials.
By choosing appropriate axial substituents, the
aggregation of phthalocyanine dyes can be pre-
vented and a sharp absorption with a narrow peak
width can be obtained which is critical for optical
recording medium. In this paper, we report the
syntheses of phthalocyaninatocobalt(II) (CoPc)
bearing di�erent substituents. Spectral changes
following axial legation of one or two imidazole
molecules were investigated. It has been found
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that the di-imidazole adducts possess a sharp
Q-band which is suitable for optical recording
materials using GaAs semiconductor laser.

2. Experimental

2.1. Synthesis

2.1.1. Compounds
1, 2 and 3 were synthesized by the route shown

in Scheme 1.

2.1.2. Preparation of 3-(2-ethyl-butoxy)phthalo-
nitrile
A solution of 3.28 g (25.6 mmol) of 3-nitro-

phthalonitrile in 200 cm3 DMF was added to 5.6
cm3 3-methylpentanol-1. The mixture was stirred at
room temperature for 4±5 days under N2 (99.94%
pure) atmosphere. The mixture was then ®ltered
and 2.9 g yellow solid material was obtained. The

crude material was recrystallized from toluene to
give 2.1 g (45% yield) of pure product, m.p: 163±
164�C. MS(C14H16N2O): m/z 229 (M+).

2.1.3. Preparation of 1,4,8,11,15,18,22,25-octa-(iso-
pentyloxy)phthalocyaninatocobalt(II) (1)
Half a gram of lithium metal was added to a

solution of 2 g (7.46 mmol) 3,6-bis-(isopentyl-
oxy)penthalonitrile in 15 cm3 n-butyl alcohol. The
mixture was re¯uxed for 1 h. After cooling to
room temperature, the mixture was ®ltered and
the residue washed with water. The green solid
obtained was dissolved in 15 cm3 DMF and
re¯uxed for 2 h and then cooled to room tem-
perature. The crude product was recrystallized
from ethyl acetate and 0.76 g of a green crystal
was obtained. yield: 53%. Elemental analysis:
C72N8O8H102Co. Found (calc) (%) C68.63 (68.46)
N8.48 (8.87) H7.89 (8.08).

2.1.4. Preparation of 1,8,15,22-tetra-(2-ethyl-
butoxy)phthalocyaninatocobalt(II) (2)
A mixture of 2.1 g (7.8 mmol) 3-(2-ethyl-butox-

y)phthalonitrile, 0.254 g (2 mmol) CoCl2, 0.01 g
(0.07 mmol) Na2SO4, and a catalylic amount of
(NH4)6Mo7O24 was heated at 150oC for 1 h, then
the temperature was raised to 180oC and main-
tained at this temperature for 3 h. After cooling,
to room temperature, the mixture was ®ltered and
the residue washed with water until the washings
became colorless. The green solid obtained was
recrystallized from ethyl acetate and puri®ed by
¯ash chromatography on silica gel using CHCl3/
CH3COCH3 (1:1) as eluent, Evaporation of the
solvent, 1.76 g of green crystals was obtained.
yieid: 21%.MS:m/z 971 (M+). Elemental analysis:
found (calc) (%) C56H66N8O4Co C69.23 (69.27)
N11.26 (11.54) H6.68 (6.59).

2.1.5. Preparation of 1,8,15,22-tetra-(2-ethyl-
butoxy)phthalocyaninatocobalt(II) imidazole
complex (3)
A mixture of 100 mg (1.47 mmol) of imidazole

and 50 mg (0.051 mmol) of 1,8,15,22-tetra-(2-
ethyl-butoxy)phthalo cyaninatocobalt(II) were dis-
solved in 70 cm3 DMF and stirred at room tempera-
ture for 4 h. After ®ltering, a green solid was obtained,
whichwas puri®ed by ¯ash chromatography on silicaScheme 1.
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gel using CHCl3/CH3COCH3 as eluent. 28 mg
(0.025 mmol) of green crystals was obtained.
Yield: 49%. Elemental analysis: found (calc) (%)
C56H66N8O4Co.2C3H4N2 C66.97 (67.15) N 15.20
(15.16) H6.32 (6.49).

2.2. Instrument and methods

UV±vis absorption spectra were measured using a
Hitachi-557 spectrometer using chloroform as blank
solvent. Mass spectra were recorded by MALDI-
TOF-MS on a Bruker Bi¯ex III. Elemental analysis
was determined by Carlo Zrba 1106 and ST-02-
G.C methods.
For determining the stoichiometry and forma-

tion constant of the complex between phthalocya-
ninatocobalt(II) and imidazole, the absorbance of
a series of imidazole and CoPc mixtures which were
prepared from their 1�10ÿ5 molÿ1 chloroform
solutions as 1+9 molÿ1, 2+8, 3+7, 4+6, 5+5,
6+4, 7+3, 8+2 and 9+1 cm3 were measured.
The data were analyzed using Job's method [9,10].

3. Results and discussion

Complex formation between CoPc and imida-
zole is thought to proceed in two steps :

CoPc� L *) CoPcL

K1 � CoPcL� �= CoPc� � L� � �1�

CoPcL� L *) CoPcL2

K2 � CoPcL2� �= CoPcL� � L� � �2�

the overall reaction CoPc� 2L *) CoPcL2

K � CoPcL2� �= CoPc� � L� �2 �3�
It is most conveniently studied by Job's method

of continuous variations. The Job's diagram of
complexation of compound 1 with imidazole is
obtained by plotting the absorbance A at 780 nm;
where A= Ac ÿ (APc+AL) vs fL [mol fraction of
imidazole , fL=CL / (CPc +CL)] (Fig. 1). AC is the
absorbance of the complex, APc is the absorbance
of Pc, AL is the absorbance of imidazole which is
negligible at 780 nm, CL is the molar concentra-

tion of imidazole and CPc the molar concentration
of Pc. The plot consists of two straight lines inter-
secting at fL=0.5, as is typically the case when
only a 1:1 complex is formed [11]. In contrast, the
diagram obtained for complexation of compound
2with imidazole (Fig. 2). presents three regions: for
fL smaller than 0.5, the value A varies linearly with
fL as in the preceeding case, for fL greater than 0.5,
the evolution comprizes two distinct linear stages
with an intersection at fL=0.67. In this case,
therefore, two di�erent species are formed in

Fig. 1. Job's diagram for compound 1 Ð imidazole system in

chloroform l=780 nm.

Fig. 2. Job's diagram for compound 2 Ð imidazole system in

chloroform l=730 nm.
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solution, namely one with a 1:1 stoichiometry and
another one with 1:2 stoichiometry.
The complex formation constant K can be

graphically assessed from the Job's diagram. If
the complex is very stable, the absorbance value
should be Ao; deviation from Ao is due to dis-
sociation of the complex. At equilibrium:

CoPc� nL *) CoPcLn
and CpL � 1ÿ �� �C CPc � �C CL � n�C

�4�

where CpL is the concentraton of the complex at
equilibrium, C is concentration of the complex
without dissociation and � denotes the fraction of
dissociation of the complex which can be deduced
from the ®gures.

� � Ao ÿ A

A
�5�

The formation constant K of the complex is then
calculated from the following equation:

K � 1ÿ �
nn�n�1cn

�6�

where n denotes the number of axial ligands. The
results are listed in Table 1 from which it is clear
that the number of substituents and, hence the
steric e�ect, determine the formation of either 1:1
and 1:2 complex. In the case of compound 2 with
four substituents, ligation of one or two imidazole
molecules are possible to form 1:1 and 1:2 com-
plexes. For compound 1, the introduction of eight
substituents on the ring at non-peripheral (1, 4, 8,
11, 15, 18, 22, 25) positions exerts signi®cant steric
hindrance to prevent an additional imidazole
molecule coordinating in an axial position to form

a 1:2 complex. It is also known that ligation of a
nitrogenous base with a metal phthalocyanine is
generally observed in thermodynamic studies. The
failure to detect a 1:1 complex was taken as an
indication that K1�K2 [Eqs. (1) and (2)]. It is
interesting to note the inverse behavior (K1�K2)
observed in the reaction between imidazole and
compound 2, so that the stepwise formation of 1:1
and 1:2 complexes can be detected.
Thin ®lms of phthalocyaninatocobalt(II) com-

pound 2 and its di-imidazole adduct compound 3
were prepared by spin-coating of their chloroform
solution on glass. Fig. 3 shows the absorption
spectra of thin ®lms of compound 2 and com-
pound 3. The spectrum of compound 2 gives a
broad band with two peaks at 630 and 690 nm,
respectively, as a result of molecular aggregation
in the ®lm. In contrast, the spectrum of compound
3 has a sharp and red-shifted absorption band
with a steep absorption edge on the 705 nm side
which is critical for high re¯ectivity. This indicates
that compound 3 is suitable for optical recording
materials using GaAs laser.
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Table 1

Formation constants of the complex of CoPc with imidazole in

chloroform

Compound Complex K1 K2

1 1:1 1.03�106
2 1:1 2.03�108

and

1:2 2.80�105

Fig. 3. Absorption spectra of compound 2 (Ð) and its di-

imidazole adduct (- - -) thin ®lms.
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