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Self-association of water-soluble Co(II)-phthalocyanine has been studied. Influence of axial coordination of DABCO and nature of solvent 

on self-association of metallophthalocyanines is shown. Features of solvation interaction of cobalt(II) tetrasulfophthalocyaninate in water 

and water-ethanol mixture are identified.  
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Introduction 

The relevance of present study emanates from the use of 
cobalt(II) tetrasulfophthalocyanine as catalyst for mild 
oxidation processes of organic compounds.1-3 It is known 
that the homogeneous catalytic process is accompanied by 
self-association processes of the phthalocyanine catalyst.4-7  

Influence of self-association of metallophthalocyanines on 
their catalytic properties is ambiguous. On one hand the 
activity of phthalocyanine as catalyst decreases, on other 
hand, self-association processes favors the formation of 
phthalocyanine supramolecular structures8-10 that can result 
in increased output of the target product of catalysis in the 
synthesis.  

To decrease aggregation and increase catalytic activity of 
metallophthalocyanines, a procedure of macrocycle 
heterogenization on the surface of solid-phase carrier need 
to be carried out.11-15 It leads to increased chemical bonding 
of macrocycle and polymer surface. 

However, presently there is no way to control the 
processes of association and increase catalytic activity of 
metallophthalocyanines in homogenous medium. Research 
directed to use various alloying supplements in homogenous 
catalysis is mainly empirical and often have random nature. 
Such supplements, casually represented by axial ligands, are 
considered as part of models, imitating active site of mono- 
and dioxygenases enzymes. As of now there are many 
examples of catalytic reactions, when a small amount of 
specific supplement increases the rate of reaction but not 
output. Usually unproved mechanisms of supplementary 
action has been suggested by the authors.16 

Hence the possibility to control the self-association of 
metallophthalocyanines due to axial coordination processes 
and variation of solvating power of medium to create 
catalytic active liquid-phase systems is promising 
Accessibility of metallophthalocyanines reaction center for 
bonding of additional ligand during axial coordination is 
very important. 

There is almost no works about association in the presence 
of bidentate axial ligands in the literature. However, it is 
known, that formation of molecular associates with 
polydentate ligands can change coordination ability of 
macroheterocycles and type of metallophthalocyanines 
associates in solution.17-20 Besides interaction between 
metallophthalocyanines and polydentate ligands is 
interesting for fundamental studies of supramolecular liquid-
phase systems formation also.  

The possibility to control the monomer-dimer associative 
equilibrium for cobalt(II) terasulfophthalocyaninate due to 
molecular complex formation with 1,4-
diazabicyclo[2.2.2]octane (DABCO) and variation of 
solvating power of medium is considered in this work. 

Experimental 

Cobalt(II) tetrasulfophthalocyaninate (CoPc) was 
synthesized and purified by a known direct sulfonation 
method.21 

Its composition and structure is confirmed by electron-
absorbtion (UV-Vis) spectroscopy, IR spectroscopy and 
elemental analyzes. IR-spectra were recorded on the Avatar 
360 FT-IR spectrophotometer using KBr tablets.  There are 
intense bands at 700, 1032-1035, 1192-1197 cm-1, it is 
caused by presence of sulfonic groups. Oscillation in 839-
855 cm-1 is caused by C-H vibrations of three-substituted 
benzene nuclei connecting with porfirazine ring. IR-spectra 
matched with literature data.18 
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Figure 1. Cobalt(II) tetrasulfophthalocyaninate 

1,4-Diazabicyclo[2.2.2]octane (DABCO) was commercial 
product (Sigma-Aldrich) with 99.98% purity and was used 
as received.  

Degassed distilled water was used for preparing the 
solutions. Solvents, used for the work, was purified by 
known methods.22,23 Water content in ethanol was 
determined by potentiometric titration according Fisher’s 
method.23 

Coordination of DABCO with CoPc was studied by 
spectrophotometric method. UV-Vis spectra were registered 
with UNICO-2800 spectrophotometer. Investigations were 
carried out at 298.15 K in quartz cell with depth of 
absorbing layer of 10 mm, placed in a thermostatic cell.  

To calculate stability constants of molecular complexes 
analytical wavelengths from UV-Vis spectra were used. 

        

          (1) 

 

Equilibrium concentration of molecular complex was 

calculated according to eqn. (2) 

 

          (2) 

 

where cLCoPс is equilibrium LCoPс concentration, c0
CoPc is an 

initial CoPс concentration, A0, Ap and Ak are initial, 

equilibrium and final optical density of the solution 

respectively. 

Concentration of unbonded ligand was calculated 

according to the Eqn. (3). 
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Combination of  equations (1) and (3) leads to equation 

(4), which enables one to calculate the equilibrium constant. 

0 p p k
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L CoPc 0 p 0 k
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     (4) 

Investigation was carried out with a hundredfold excess of 

the ligand to relative CoPc, therefore the equilibrium 

concentration of the ligand was taken as its initial 

concentration. It simplified the calculation of Ky equation 

(5). 

 

          (5) 

 

Results and Discussion 

We have investigated the self-association processes of 

CoPc in water previously.6 Earlier data showed that in 

concentration range of 2 x 10-5 – 2 x 10-4 mol L-1, the 

phthalocyanine is mostly dimerized, caused by π-π 

interaction between macrocycles molecules. π-π-Dimers are 

formed due to π-σ-contraction and π-π-repulsion of 

macrocycles electron systems.24 Variation in the solvents’ 

solvation properties lead to a shift in the monomer-dimer 

equilibrium (6) and hence in the catalytic activity of CoPc. 

 

(6) 

 

Introduction of strong electron donors in the system, for 

example pyridine that is able to form stable axial 

complexes25 with CoPc, leads to shift of associative 

equilibrium (6) towards the monomeric form due to 

destruction of π-π – dimer and domination of π-π – repulsion 

of electrons systems of two macromolecules that causes 

changes in its solvation environment. The solvation power is 

reduced by lowering the dielectric constant of the medium 

(εPy 12.3; εH2O 78.5)26 of mixed solvent. However, it is 

amplified by specific solvation electron-donor properties of 

an organic solvent (DNPy 33.1; DNH2O 18).26 

Pyridine, displacing water from the near solvation field of 

metal cation in phthalocyanine, forms stable axial complex 

(Ky 800 ± 20 L mol-1). It is not a favorable factor. 

Mechanisms of oxidation of certain organic compounds with 

phthalocyanines complexes suggest easy removal of solvent 

from inner coordination sphere of CoPc, freeing it for 

substrate. Herewith molecules of CoPc must not 

aggregate.27-31  

The principle of chemical transformations acceleration, 

based on favorable orientation of reagent, provided by 

hydrogen bonds or hydrophobic interactions of environment, 

is known as characteristics of enzymatic catalysis.32 

Thus, the solvent for catalytically active liquid-phase 

system must be able to solvate CoPc and to form labile 

molecular complexes due to specific solvation (ε from 20 to 

50; DN < 25). Probably use of mixed solvents, allowing the 

fine tuning of these parameters, is the most promising. 
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Based on foregoing, water-organic mixtures, for example 

water-ethanol, are chosen as medium for liquid-phase 

modeling of catalytic process with coordinated 

metallophthalocyanines. Ethanol is miscible with water in 

different molar ratios and have the necessary salvation 

characteristics (ε 24.3; DN 19.6)26, that allows control of  

monomer-dimer equilibrium for CoPc. 

Figure 2 depicts the changes in the optical density of CoPc 

as observed in the electronic absorption spectrum at 

different concentration of ethanol. 
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Figure 2. Dependence of optical density (Q-band λ 669 nm) of 
CoPc’s ethanol solution on concentration, at 298.15 K 

Data in figure 1 show that dependence of CoPc’s 
absorption in Q-band, in the range of ethanol concentration 
from 0 to 4.7 x 10-5 mol L-1 obeys Beer-Lambert-Bouguer 
law, indicating the existence of monomeric form of CoPc. 
Obviously, equilibrium (6) is shifted to the left. Value of 
molar extinction coefficient (ε) for Q-band is 40600 ± 50 L 
(mol cm)-1. Probably, it will favor the catalytic activity of 
CoPc. 

Figure 3 shows UV-Vis spectra for solutions of CoPc in 

water and ethanol. 
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Figure 3. UV-Vis spectra of CoPc’s solution with concentration of 
4.61 x 10-5 mol L-1, at 298.15 K in (1) water, (2) ethanol. 

Data in figure 2 shows differences between CoPc’s 
spectra in water and ethanol. Perusal of spectra indicates the 
presence of associated forms of CoPc in solution. Wide 
absorption peaks in the visible region of the spectrum is 
characteristic of aqueous solution of CoPc. Absorption 
bands of almost equal intensity in area of 627 nm (dimeric 
form of CoPc) and Q-band in area of 670 nm (monomeric 

form of macrocycle) are recorded in the UV-Vis spectra. In 
ethanol, for CoPc, intensive Q-band in area of 669 nm and 
negligible absorption in area of 595 nm are obtained. These 
data let us to suggest that the extent of dimerization of the 
macrocycle in ethanol is rather lower than that in water 
solution. Probably, it caused by presence of equilibrium (7) 
in system, induced by the formation of molecular complexes 
due to axial coordination of solvent molecule. 

 

          (7) 

 

From the point of view of green chemistry and technology, 
water is preferable to ethanol. Hence, the catalysis is 
implemented technologically in the water. Based on this, 
influence of the addition of ethanol on the association 
process of CoPc was studied. 

Figure 4 shows alteration in UV-Vis spectra of aqueous 
solution of CoPc, when 4.91 x 10-5 mol L-1 of ethanol is 
added. 
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Figure 4. Alteration of UV-Vis spectra of aqueous solution CoPc 
at 298.15 K when ethanol is added. 

There are significant spectral changes by the addition of 
ethanol to the aqueous solution of CoPc. Absorption band in 
area of 670 nm is increased, dimeric form band (627 nm) is 
decreased and showed a hypsochromic shift of 30 nm. These 
data suggest dissociation of CoPc-dimers due to formation 
of axial complexes with ethanol (Ky = 107 ± 8 L mol-1), 
which, however, are not as stable as the complexes with 
pyridine. Calculations by the method of Bent-Ffrench33 
indicated axial coordination of one ethanol molecule only. 
Back titration does not cause significant spectral changes. 
These data show there is a low competition for water 
molecules by cobalt cation of the phthalocyanine. The 
results demonstrate the possibility of variation in the 
associative equilibrium of CoPc in water by an addition of 
ethanol. 

Interchange of axial ligands, containing different 
heteroatoms, forms the basis of metallophthalocyanines 
catalysis. However, the usefulness of replacing ethanol from 
amine derivatives of phthalocyanine is limited because of 
possibility of association.34 
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Therefore, we studied possibility of ligand exchange in 
CoPc by displacement of solvent from coordination cavity 
of macrocycle with another ligand in the next stage of the 
work. The complex formation of CoPc with DABCO was 
studied for these purposes. This process simulates the 
exchange of coordinated solvent molecules on the substrate 
during the catalysis. 

Introduction of DABCO in ethanol solution of CoPc 
causes consistent increase in the intensity of absorption Q-
band region (ΔmaxA 0.483) (Figure 5). It is due to the axial 
coordination  of DABCO on the central metal cation of 
CoPc. 
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Figure 5. UV-Vis spectra of CoPc solution (с 4.98 ·10-5 mol L-1) in 
ethanol at 298.15 K, 1) without DABCO; 2) n (DABCO) 3.46·10-5 

mol; 3) n (DABCO) 17.35·10-5 mol. 

 

An isosbestic point is obtained in the UV-Vis spectra. It 
indicates the formation of new chromophore in solution. 
Obviously, the chromophore is molecular complex, L-CoPс, 
with DABCO in the ratio of 1:1. Stability constant of this 
complex (Ky = 280 ± 8 L mol-1), calculated by the equation 
(5), is more than twice of the stability constant of complex 
with ethanol. Further, it should be noted that complex CoPc 
-DABCO in aqueous solution is rather stable. It indicates 
influence of solvation processes on complex formation and 
dimerization. Probably it is caused by the effect of donor-
acceptor interaction of DABCO and the solvent on the 
DABCO molecular associate formation.35 

When the ratio [CoPc]:[DABCO] reaches 1:0.0139, there 
is a decrease in intensity of Q-band absorption (ΔmaxA 0.592) 
and a shift of the isosbestic point. 

Probably, these alterations are connected with the 

coordination of second metalophthalocyanines molecule and 

the formation of sandwich-type dimers CoPс-DABCO-CoPс 

(Figure 6). Thermodynamic stability constant of sandwich-

type dimer is 50 ± 4 L mol-1.  

Thus, this work shows that there are possibilities of 

controlling the associative monomer-dimer equilibrium for 

CoPc in solutions by molecular complex formation and 

varying the solvating power of the medium. 
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Figure 6. Scheme of sandwich dimer of CoPс-DABCO-CoPс 
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