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Phthalocyanines can be used as dyes, optical and electrical materials, catalysts and
models for naturally existing macrocyclesl!), especially it can be one of the possible
candidates for photodynamic therapy!®) (PDT). Particular attention has focused on its
sulfonated derivatives because they are highly water-soluble and show great promise in
FDT since they can be retained by tumor tissues. However, as with other water-soluble
dyestuffsl®!| the sulfonated phthalocyanines tend to dimerize in aqueous solutions. These
aggregates will depress the photoactivity of these dyes and phototoxicity towards biologi-
cal tissues since their major pathway of deactivation is through internal conversion process
to the ground statel!. Thus, it is important to evaluate quantitatively the influence of
sulfonation on aggregation!® and other photophysical properties of phthalocyanine dyes.

In the present work, we try to illustrate the effect of sulfonation degree on dimer-
ization for metal-free sulfonated phthalocyanines (HSPCs). The dimerization equilibrium
constant (K') and the percentage of monomer in the solution (a) were obtained spec-
trophotometrically. The quantum yield of fluorescence ( ;) and the lifetime of the singlet
excited state (ry) of these sulfonated phthalocyanines have also been measured. These
confirm an inverse order between the extent of dimerization and the sulfonation degree for
these sulfonated phthaloeyanines.

1 Experimental
1.1 Instruments and methods

Ultraviolet- Visible (UV-Vis) absorption spectra were recorded by a HP8452A diode-
array spectrophotometer. X-ray photoelectron spectra (XPS) were obtamed on a PHI-
5300 X-ray photoelectron spectrometer. Elemental analysis for § and N were performed
at Beijing Institute of Chemistry, Acadermua Sinica.
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Fluorescence measurements were carried out with a PE L550 B lumninescence spec-
trometer. Fluorescence quantum yields { @) were determined by a comparative calibration
method using unsubstituted ZnPc as standard ($;=0.3) with an excitation wavelength
at 610 nnr and excitation and emission slit widths of 7.5 nm. Singlet excited state life-
times (7;)} were measured on SLM 480001y S multiple frequency lifetime spectrometer. All
the measurements were carried out in methanol containing 30% phosphate buffer (PBS,
pH=7.4) at 20 °C.

1.2 Synthesis

{a) 20H, 31H-Phthalocyanine H,PC. It was prepared by the method of Brach!®. Anal.
Caled. for CaHysNg: C, 74.70; H, 3.53; N, 21.77. Found. C, 74.55; H, 3.33; N, 22.11.

(b) Sulfonated 29H, 31H-Phthalocyanines HSPCs. HSPCs were prepared by sul-
fonation with fuming (20-25% SO3) sulfuric acid™). A series of HSPCs with different
sulfonation degree can be obtained by varying the temperature and time of reaction.

g 2 Results and Discussion
L 2.1 Absorption spectra and aggrega-

nm-n H-m’“ tion behaviour of HSPCs
N - The sulfonation degree of HS5PCs

was determined according to the ratio of §
atom to N atom in the molecules by means
Fig.1 Chemical structure of HSPC, of XPS and elemental analysis, the results
R=H or S0;H dependent upon are listed in Table 1.
sulfonation degree
Table 1 Degree of sulfonation and UV-Vis absorption of HSPCs

HSPC Reaction condition” s/pch §/pC* b/ nm”
A 40 °C =1 1.1 1.0 682 60 G28° 332
1] GO =1 1.6 1.3 G684 G52 G28° 334
[ B0 =1 2.0 1.8 GRG 656 630° 338
I BO T w2 2.8 26 GG G656 630° 340
E BOLC =3 1.7 34 GEE G656 6307 342

Note a: Reaction condition is expressed as tomperature = reaction time {(hour):
b. o: Number of sulfonate per maoleenle determined by XS and clemental
wnalyais, respectively:
d: The absorption of HSPCs in methanol containing 30 % PRS. the valnes
marked with star referred to the absorption of dimers.

Absorption spectra for these HSPCs in methanol containing 30% PBS are shown in
Fig.2. The absorption maxinm wavelength is red-shift and the band at 630 nm drops
as the increasing of sulfonation degree. Slight deviations from Beer's law were ohserved
for all these HSPCs with increasing concentration since the formation of dimer in the
concentration range selected (1x<107%-1x10"%"mol~"L), HSPC-C is served as a typical

example (Fig.3). It also indicates that the tendency towards aggregation is in the order:
A=B>C>D=>E.
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Fig.2 Absorption spectra of

increasing concentration

2.2 Determination of dimerization equilibrium constant X of HSPCs in methanol-
water solution

Supposing that the dimer 1s the main aggregate under the conditions given, the equi-
librium between monomer (M) and dimer (D) and the dimerization equilibrium constant
K are described by

oM =D (1)

D] (M) - M)
K= MF= 2P

where [M];, [M] denote the initial and equilibrium concentration of monomer, respectively,

(2)

and [D] is the equilibrium concentration of dimer in solution. The percentage of monomer
in the solution under equilibrium a and the molar absorptivity of monomer gy are

M]

a = m {3]
A
EM = [—m (4)

where A is the absorbance of the solution at the maxium absorption wavelength of
monomer (Agay), ! is the length of the optical path. Eq(4) is on the assumption that
the absorption at Ay, is mainly attributed to the monomer, which can be satisfied in the
case of HSPC-B, C, D, E (vide infra). However, it is impossible to calculate e3q by eq. (4)
since [M] is unknown. It is convenient to introduce the “effective” absorption coefficient

EL%Q], which neglects partial association of the monomer and can be expressed as

A
Eoff = 5
v (5)
Eq. (2)-(5) can be combined to give
2K
foff = EM T e - Mo (6)
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Plots of e.¢ versus e [M|; are

B e S S shown in Fig.4. In all the cases except

. : h'"""lﬁ..h f A, a straight line is obtained with statis-

3. N 1:""“‘] tical R coefficient >0.99. This confirms

} N‘\‘: that the contributions of dimer to the ab-

gy ! sorbance at the Ajay of monomer are prac-

= . ! tically negligible for HSPC-B, C, D, E in

) ] : the concentration range studied. How-

0 ke Ml e Y ever, for HSPC- A, the existence of higher

Fig.4 Plots of r.¢ versus £24[M]a percentage of dimer results a contribution
for HSPC (B-E) in in absorbance at the A, of monomer and

methanol-water solution hence a manifest deviation to eq. (6).

The value of K and £y can be deduced from the plot’s slope and intercept. In
order to study the correlation between the extent of dimerization and sulfonation degree
quantitatively, we should reform eq. {2) as:

l— o
K= e 7
EHZ[M][] |: :I
From eq. (7}, we can get the value of a at given concentration, which provides a clear
correlation between the sulfonation degree and the aggregation behaviour of these HSPCs.

Table 2 Photophysical parameters for HSPCs

HSPC 107K /mol~ "L lge | Amay /nin) '’ a' Aem /nm &y rf /ns
A - - 685 0.12 2.6
B G.0166 4.B3{6B4) 1.895 1573 GBS .16 2.8
C 1.3423 4.B0{6BG) 0.975 (820 689 .18 2.9
] 00183 4. 00( 686 ) (1.981 1.863 691 0.21 3.0
E 00,3494 4.94(GAE) 0.99 0.909 692 .21 3.1

MNote e, @ The values of e at [Mlu_—lx]ﬂ_"’. 1% 10 *mol ~'L, respectively;
g: These life times are fit by convoluting a double exponential decay
Ave ML A~ However., may be artificial, so 7y referred to ry.

2.3 Dependence of apparent &; on aggregation

For an aggregated system, the measured apparent fluorescence quantum yield may
show contributions from monomer and dimer, the correlation between & (apparent), @y
(monomer’s) and @y (dimer’s) can be formulated as eq. (8):

Id = Iy®u + In¥p (8]

As the total absorbed excitation light intensity I is the sum of Iy (absorbed by monomer)
and Ip (absorbed by dimer), then

a=(1- D)o+ Do
I
= P+ (P — Pu) (9)

166 WULI HUAXUE XUEBAQ [Acta Phys.-Chim.] 1996



Since the major pathway of deactivation for dimer is radiationless decay, @p will be much
smaller than @yy. Therefore, when the extent of dimerization being higher, the Ip is more
intense in the meanwhile the @; becomes lower.

The maxium emission wavelength A, tends to red-shift more as increasing the sul-
fonation degree, which may be due to the higher percentage of monomer in solutions.
However, the sulfonates have less effect on 7, this can be interpreted as the lower inten-
sity of fluorescence from dimer with shorter lifetime, so the effect induced by dimer on 7y
can be negligible.

3 Conclusions

A number of factors can be proposed to account for the forces contributing to dimer-
ization of dye molecules such as van der Walls forces, charge-charge interaction, hydropho-
bic interaction and the role of water. However, the correlation between sulfonation degree
and dimerization rules out charge-charge interaction as a major contributor. Since the
HSPC exists as HoPC(S03) " in the methanol-water solution, the electrostatic interaction
will lead to the repellency between the dye molecules. Accordingly, when the sulfonation
degree of the molecule becomes higher, the larger interaction but the less dimerization will
be resulted. A sizable contribution to the dimerization may come from the hydrophobic
interaction of the backbone of the phthalocyanine molecules.
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