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In this paper we report for the first time on a mixed complex between the cationic

 

porphyrin 5, 10, 15, 20-tetra-

 

N

 

-methyl-pyrydinium-

 

p

 

-il porphyrin (TMPyP) and a new

 

metal phthalocyanine with four 16-membered diazadithia macrocycles (denoted here as

 

Pc16), in order to obtain an active complex with an intense absorption on the lower

 

energy side of the visible spectrumandwith a higher sensitivity in photodynamic therapy

 

of cancer. The dimerization constant for Pc16 and also the ratio between the oscillator

 

strengths formonomeric and dimeric forms of this compound, were evaluated. The ratio

 

between these oscillator strengths was 2.01 showing a certain dimerization process. The

 

Job mathematical method allowed the establishment of the stoichiometry and the

 

formation constants for the heteroaggregates between the porphyrin and the phthalocy

 

-

 

anine (a diad between one phthalocyanine molecule and one porphyrin molecule and a

 

triad between two phthalocyanine molecules and only one porphyrin molecule). The

 

coulombic attraction resulting from the π−π

 

interaction of the two highly conjugated

 

macrocycles and from the interaction between the substituents, favors a face-to-face

 

geometry.
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During the last decade, the coordination chemistry has offeredmany examples

 

of supramolecular assemblies, and a special pair with two chromophores formed by

 

pairing cationic and anionic water soluble compounds.

 

1�3

 

The porphyrins and phthalocyanines represent two classes of chemically very

 

versatile compounds. Depending on the nature of the central metal and/or the

 

peripheral substituents, awide range of photophysical and photochemical properties

 

can be obtained.

 

4�10

 

The heteroaggregates of porphyrins and phthalocyanines grafted with ionic

 

substituents of opposite charges have been subjected to extensive investigations in the

 

last two decades, because such assemblies can provide promising properties in the

 

search for new molecular materials for electronics or photodynamic therapy.

 

8,11�16
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The phthalocyanines containing 16-membered diazadithiamacrocycles, show

 

typical electronic spectra with two strong absorption regions, one in the visible

 

region at 682 nm (Q band), and the other in the UV region at 332 nm (B band).

 

In the literature, only a few cases of phthalocyanines bearing sulphur donors

 

are presented.

 

17�20

 

The 16-membered symmetrical tetrabenzo-diazadithia macro

 

-

 

cycle metallic phthalocyanine (M being copper and nickel) derivative which carry

 

sulfo groups, having diaza- and dithia-donor groups has been reported in the

 

literature as a new polynuclear compound highly coordinated by metal ions inside

 

the macrocyclic substituents.

 

20

 

The electronic spectra of porphyrins differ drastically from those of the

 

phthalocyanines. The porphyrins display an intense Soret band and four Q bands in

 

the 500�700 nm spectral region.

 

20

 

Also, TMPyP has a low aggregation capacity or

 

does not aggregate in the concentration range of 10

 

�5

 

� 10

 

�7

 

M.

 

9�12

 

In this paperwe report, for the first time the heteroaggregationbetween a cationic

 

porphyrin � 5,10,15,20 tetra-

 

N

 

-methyl-pyrydinium-

 

p

 

-il porphyrin (TMPyP) � and the

 

phthalocyanine 16-membered symmetrical tetrabenzo diazadithia complexed with Cu

 

andNi (denotedhere asPc16)whichhas negativechargeson itsmolecule. In this study,

 

the Jobmethodwas used in order to establish the stoichiometry and formation constant

 

ofsuchaheterocomplex.ThedimerizationofPc16inDMSO(including theequilibrium

 

constant determination) and the axial coordination of DMSO at nickel (the central

 

metallic ion from the phthalocyanine macrocycle) are also discussed in this paper.

 

EXPERIMENTAL

 

Materials

 

The cationic porphyrin 5,10,15,20 tetra-

 

N

 

-methyl-pyrydinium-

 

p

 

-il porphyrin (TMPyP) (Fluka)

 

was used without any purrification.

 

Fig. 1. The structure of TMPyP.
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The phthalocyanine 16c was prepared and purified as reported elsewhere.
21

The structure of

the studied compounds are shovn in Figs. 1 and 2. All the experiments were performed in DMSO.

Apparatus

The absorption spectrawere recordedusing aSPECORDM400CarlZeiss JenaSpectrophotometer

with a double beam and microprocessor and also with a PYE-UNICAM spectrophotometer.

RESULTS ANDDISCUSSION

The existence of heterodimers and heterotrimers betwen the porphyrin and

the phthalocyanine has been demonstrated by titration using spectrophotometric

methods, such as absorption spectroscopy.21

The studied phthalocyanine shows adimerization process both inDMSO.This

is reflected spectrophotometrically by the blue shift of the absorption peak from682

nm to shorter wavelengths (with 34 nm), as well as by hypochromism of this band,

Fig. 3. The absorption bands of themonomer and the dimer are quite well separated,

and the extinction coefficient of the monomer at 682 nm can be estimated from the

dilute dye solutions where the Lambert-Beer law is followed (εm682=3.56×104

Fig. 2. The structure of Pc16.

Fig.3.Thechanges in theabsorption

spectraofPc16 inDMSOatdifferent

concentrations: 1) 2.61 ×10�5M; 2)

1.1 × 10�75 M; 3) 0.57 × 10�5 M;

4) 0.37 × 10�6M; 5) 1 × 10�6M
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mol�1 dm3
cm

�1
; εd648=2.30×104 mol�1 dm3

cm
�1. From these values the equilib-

rium constant K was estimated.

K = [dimer]/[monomer]2

At dimerization (in the concentration range of 1 × 10
�6

� 2.62 × 10
�5 M), the

absorption at 682 nm of the monomer decreases in intensity whereas the intensity
of the absorption of the dimer at 648 nm, increases. The fractions of monomer and

dimer and the equilibriumconstantK values for this phthalocyanine are summarized

in Table I. The high value of K (6.336×106 mol�1 dm3) suggests the feasability of

achieving dye aggregation even in dilute solutions of the dye. If aggregation
dominates at high dye concentrations, one would expect a square dependence on

the monomer concentrations. Indeed the plot of log [dimer] versus log [monomer]
was linear with a slope of 2. The plot is illustrated in Fig. 4.

TABLE I. Fractions of monomer and dimer and equilibrium constant K for Pc16 in DMSO

Pc16

mM

AD

648 nm

AM

682 nm

[M]
mM

[D]
mM

K×10�6
mol

�1
dm

3

1 0.483 0.665 0.187 0.21 5.99

0.357 0.673 0.758 0.213 0.292 6.408

0.575 0.816 0.829 0.233 0.354 6.503

11.1 0.918 0.893 0.251 0.399 6.333

26.12 1.108 0.971 0.273 0.481 6.45

Average media = 6.336 × 10
6
mol

-1
dm

3

For such dimers, the exciton model requires the oscillator strength of the
dimers to be twice as large as that of the monomer. In the Pc16 case, this ratio

(deduced from the integratted absorptivities of the 648 nm band) calculated by a
TURBO-PASCAL programm is 2.01.

Fig. 4. Plot of log [dimer] versus
log [monomer] for solutions of

Pc16 in DMSO.

456 ION, YILMAZ and BEKAROGLU



The spectral evolutionof a solutionofPc16 inDMSOuponadditionofTMPyP
is shown in Fig. 5. The interactions between both reagents cause the destabilization

of theHOMOof the porphyrin. In fact, theE
B
-EQ parameter of the porphyrin (where

E
B
is the energy difference of the Soret band for TMPyP before and after the

interaction with Pc16) and EQ is the energy difference for the Q-band of the same
porphyrin before and after interaction with the phthalocyanine1,32 decreased from

4545 cm�1
to 4373 cm

�1 on aggregation with phthalocyanine. Similar calculations
were reported by Shelnutt.26,27 Due to its negative charges, the phthalocyanine is

able to neutralize the positive charges of the porphyrin. The Job method has been
used to determine the stoichiometry of the mixed complexes.28-31 It relies on the

fact that the absorption of a mixture of chromophores, which do not interact with
each other, is the sum of the absorptions due to each chromophore separately.

Departure from the value of F(x) parameter (additivity of the absortpion of amixture
of x mol/l of Pc16 and (1�x) mol/l of TMPyP, in molar absorption units) as the

composition of the solution is constinuously varied can be interpreted as evidence
of complex formation.

Job diagram is obtained by plotting F(x) as x (the mole fraction of phthalocy-
anine) is continuously varied. In practice, the absorptions measured at a given

wavelength for mixtures with various ratios of porphyrin and phthalocyanine have
been used to calculate the expression:

F (x) = d (x) � (ε
Pc
� ε

P
)x� ε

P

where: x=[Pc]/([P]+[Pc]), is the mole fraction of phthalocyanine Pc and εPc are the

molar absorptivities of the phthalocyanine and of the porphyrin, respectively, andd

(x) is the actual optical density of the solution divided by the total concentration of

chromofores.

In our case the Job diagram shows three slopes:

� for x < 0.5, F (x) varies linearly with x;

Fig. 5. The spectral evolution of a solution of Pc16 2.1×104 M in DMSO upon titration with a solu-

tion of TMPyP 0.207×10�3 M.
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- for x > 0.5, the evolution has two distinct linear stages with an intersection
at 0.87, Fig. 6.

The association constants for the phthalocyanine/porphyrin system were

determiend by the method described in one of the previous paper.23 The formation
equilibrium constants for these complexes can be calculated from this diagram:

Kd = [PPc]/[P][Pc] = 0.137×105 mol�1 dm3

K
T
= [PPc2]/[P][PC]2 = 8.145×1010 mol�2 dm6

DMSO is a strongly coordinating solvent with a high donor number.22 It has

both a "hard" site (the oxygen atom) and a "soft" one (the sulphur atom) and it is

Fig. 6. The Job diagram for the

TMPyP/Pc16 system.

Fig. 7. The absorption spectra of TMPyP/Pc16 system in the diad (...) and triad (�) configurations;

(---) TMPyP.
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able to coordinate most transition metal ions and also the central metal from
porphyrins or phthalocyanines macrocycles.24,32,33

When TMPyP is dissolved in DMSO (in the complete absence of the dimeri-

zation processes37�40), each porphyrin molecule is located between two DMSO

molecules through hydrogen bonds between the NH groups inside the macrocycle

and the oxygen atom from DMSO. These hydrogen bonds can be detected by the

red shift of the Soret band (3�5 nm) and the blue shifts of the Q bands of the

porphyrin (2�4 nm) inDMSOwith respect to the sameporphyrin in other solvents.24

When the phthalocyanine comes in contact with porphyrin, the hydrogen bonds

porphyrin �DMSO are broken and the porphyrin again becomes planar and it is able

to form heterodimers and heterotrimers with one phthalocyanine in the first case

(1:1 stoichiometry) and two phthalocyanines separated by a porphyrin in the second

case (1:2 stoichiometry). In this case, both the coulombic attraction between the

charged substituents and the π−π interaction between the aromatic macrocycles act

to hold the individual components together.21,23,25

The Q band of the phthalocyanine at 684 nm will become less intense and

broader until it also disappears, Fig. 7. The wavelength shift (51 nm) of the Q (0,0)

band of the porphyrin (from 517 nm) of a face-to-face configuration relative to that

Fig. 8. The proposal spatial configuration of Pc16/TMPyP heterocomplex in DMSO.
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of the corresponding monomeric porphyrin is strongly affected by the distance

between the two components. A heteroaggreagate with shorter distances between

the components exhibits a larger shift of the Q (0,0) band of the porphyrin (from

517 nm).36 Also, in the case of the face-to-face dimer, a red shift of the Soret band

was observed and explained in terms of charge-transfer interaction between the

two-rings.41 The heteroaggregation will occur only between N+ substituents from

the porphyrin and the sulfonated ones in the 4,4�,4�,4"�positions of the phthalocy-

anine ring.35 The existence of axial binding of solvent molecules (DMSO) on the
central metal will hinder the attachement of new chromophores to a pre-existing
heterodimer or heterotrimer. It is well known that the porphyrinmolecules are about
30 Å in diameter and the distance between the positive charge sites of the acceptor
molecules varies from 5 to 7Å.28�31 Since the studied compound have large
macromolecular conjugated ring systems, as well as two sterically hindered groups,
the actual centre-to-centre distance should bemuch larger than 7Å. This aspectswill
be reported subsequently. The proposed structure for such hetero-aggregated struc-
ture is shown in Fig. 8.

CONCLUSIONS

This study concerning the heteroaggregation of opposite charged porphyrins

and phthalocyanines gave evidence of well-defined heterodimer and heterotrimer.

All these aggregated forms were established for the first time for such a porphyrin-

phthalocyanine pair.

Acknowledgement: The author R.M.I. acknowledges the financial support from TUBITAK for

a Research Grant in the Inorganic Dept. of the Technical University of Istanbul.

I Z V O D

SUPRAMOLEKULSKA SPAJAWAPIRIDIL PORFIRINAI DIAZADITIA

FTALOCIJANINA

RODICA-MARIANA ION,

*

ISMAIL YILMAZ and OZER BEKAROGLU

* ZECASIN S.A., Photochem. Dept., Splaiul Independetei 202, Bucharest-79611, Romania and Technical University of Istanbul,
Faculty of Science and Letters, 80626-Maslak, Istanbul, Turkey

U ovom radu prvi put je konstatovano stvarawe me{ovitih kompleksa izme|u

katjonskog porfirina 5,10,15,20-tetra-N-metil-piridinijum-p-il porfirina (TMPyP)
i novog metal ftalocijanina sa ~etiri 16-to ~lana diazaditia makrocikla (ozna~enim

u ovom radu kao Pc16) u ciqu dobijawa aktivnog kompleksa koji pokazuje intenzivnu

apsorpciju u delu vidqivog spektra ni�e energije i ve}u osetqivost pri fotodi-

nami~koj terapiji kancera. Utvr|eni su konstanta dimerizacije za Pc16i odnos izme|u

oscilatornih veza za monomerni i dimerni oblik ovog jediwewa. Odnos ovih oscila-

tornih veza je 2,01 i ukazuje na siguran proces dimerizacije. Job-ov matemati~ki model
omogu}ava utvr|ivawe stehiometrije i konstanti stvarawa heteroagregata izme|u

porfirina i ftalocijanina (dijada izme|u jednog molekula ftalocijanina i jednog

molekula porfirina i trijada izme|u dva molekula ftalocijanina i samo jednog

molekula porfirina). Kulonske interakcije kao posledica π�π interakcija dva visoko
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konjugovana makrocikli~na molekula kao i interakcije izme|u supstituenata fa-

vorizuje geometriju licem-u-lice.

(Primqeno 8. maja 1998, revidirano 2. marta 1999)

REFERENCES

1. R. M. Ion, Ph. D. Thesis, Bucharest, 1994

2. C. C. Leznoff, A. B. P. Lever (Eds.) Phthalocyanines.Properties andApplications, VCH,Weiheim,
1989

3. C. S. Nahor, T. Rabani, J. Phys. Chem. 89 (1985) 2469

4. R. M. Ion, Progr. Catal. 6 (1997) 55

5. I. Rosenthal, Photochem. Photobiol. 53 (1991) 859

6. R. M. Ion, G. A. Petre, Rev. Chim. Bucharest 47 (1996) 113

7. P. Gregory, High Technology Applications of Organic Dyes, Plenum Press, N.Y., 1991

8. J. Goc, D. Wrobel, R. M. Ion, J. Mol. Structure 450 (1998) 239

9. R. M. Ion, A. Planner, D. Frackowiak, K. Wiktorowicz, Acta Biochimica Polonica 45 (1998) 833

10. D. Wrobel, J. Goc, R. M. Ion, J. Fluorescence 8 (1998) 181

11. T. H. Tran-Thi, S. Gaspard, Chem. Phys. Lett. 148 (1988) 327

12. T. H. Tran-Thi, S. Palacin, Chem. Phys. Lett. 157 (1989) 92

13. T. H. Tran-Thi, J.-F. Lipskier, J.-F Simoes, S. Palacin, Thin Solid Films 210 (1992) 150

14. J.-F. Lipskier, T. H. Tran-Thi, Inorg. Chem. 32 (1993) 722

15. T.H. Tran-Thi, J.-F. Lipskier,D.Houde, C. Pepin, E.Keszei, J.P. Jay-Gerin, J. Chem. Soc., Faraday
Trans. 88 (1992) 2129

16. T. H. Tran-Thi, Coord. Chem. Rev. 160 (1997) 53

17. A. W. Snow, J. R. Griffith, Macromolecules 17 (1984) 1614

18. D. Wohrle, G. Schnurpheil, G. Knothe, Dyes&Pigments 18 (1992) 91

19. D. Wohrle, M. Eskes, K. Schigehare, A. Yamada, Synthesis (1993) 194

20. I. Yilmaz, O. Bekaroglu, Chem. Ber. 129 (1996) 967

21. C. A. Hunter, J. K. M. Samders, J. Amer. Chem. Soc. 112 (1990) 5525

22. D. Frackowiak, A. Planner, R. M. Ion, K. Wiktorowicz, The First INTERNET Conf. Photochem.
Photobiol., 1997

23. R. M. Ion, Rom. J. Biophys. 2 (1998) 62

24. C. Mandravel, R. M. Ion, A. M. Alstanei, Anal. Univ. Buc., I, (1992) 60

25. S. Radzki, C. Giannotti, Inorg. Chim. Acta 138 (1987) 139

26. J. A. Shelnutt, J. Phys. Chem. 88 (1984) 6121

27. J. A. Shelnutt, J. Phys. Chem. 87 (1983) 605

28. T. Shimadzu, T. Iyoda, Chem. Phys. Lett. 853 (1981)

29. H. Segawa, H. Nishino, T. Kamikawa, K. Honda, T. Shimidzu, Chem. Lett. 1917 (1989)

30. S. I. Logunov, M. A. Rodgers, J. Phys. Chem. 96 (1992) 8697

31. S. Radzki, S. Gaspard, C. Giannotti, J. Chem. Res. M, (1986) 3101

32. J. A. Shelnutt, J. Amer. Chem. Soc. 105 (1983) 7179

33. D. Kim, D. Holten, M. Gouterman, J. Amer. Chem. Soc. 106 (1988) 2793

34. P. Job, Ann. Chem. 9 (1928) 113

35. W. C. Vosburgh, R. G. J. Cooper, J. Amer. Chem. Soc. 63 (1941) 437

36. Z. D. Hill, P. Mac Carthy, J. Chem. Educ. 63 (1986) 162

37. R. F. Pasternack, P. R. Huber, P. Boyd, G. Engasser, L. Francesconi, E. Gibbs, P. Fasella, J. Amer.
Chem. Soc. 84 (1972) 4511

38. R. F. Pasternack, L. Francesconi, D. Raff, E. Spiro, Inorg. Chem. 12 (1973) 2606

SUBSTITUTED PORPHYRIN AND PHTHALOCYANINE COMPLEX 461



39. R. F. Pasternack, E. G. Spiro, J. Inorg. Nucl. Chem. 36 (1974) 599

40. R. F. Pasternack, E. J. Gibbs, A. Gaudemer, A. Antebi, S. Bassner, L. DePoy, D. H. Turner, A.
Williams, F. Laplace, M. H. Lansard, C. Merriene, M. Perree-Fauvet, J. Amer. Chem. Soc. 107
(1985) 8179

41. C. K. Chang, M. S. Kuo, J. Heterocycl. Chem. 14 (1977) 943.

462 ION, YILMAZ and BEKAROGLU


