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Abstract. A short description of the photodynamic therapy as an alternative cancer
treatment procedure is made, highlighting the role of the photosensitiser and of the
basic molecular processes resulting in active species. The synthesis path of metallated
phthalocyanine photosensitizers used in this paper are presented and analyzed,
considering the conventional and the microwave assisted procedures. Measurements are
reported of some specific photophysical quantities characterizing the active species
generation and properties (lifetime and quantum yield), when they are photogenerated
by the synthesized compounds. The dedicated experimental set-ups are described.
Comparative measured data of the mentioned photophysical quantities of the
synthesized phthalocyanines are presented.
Key words: phthalocyanines, sinthesys, photophysics, singlet oxygen quantum yield,
single oxygen lifetime.

1. INTRODUCTION
The photodynamic therapy (PDT) is an alternate or complementary method
to the conventional anti-cancer treatments which is used more in recent years.
The application methodology of PDT implies the administration of a
photosensitizer which is a chemical compound with special photophysical
properties, accumulated into the tumor. Through local irradiation with a suitable
tailored light source an activation of the photosensitizer occurs; after a series of
elementary intra and inter-molecular processes, molecules with high chemical
reactivity are generated – the active species – that can destroy the tumor cells. Most
researches in the field consider the singlet oxygen species as the major cytotoxic
species involved in the therapy [1–3].
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The PDT involves three constitutive components: (i) the photosensitizer, (ii)
the light radiation/source and (iii) the molecular oxygen. The way in which the
active species are produced through photochemical reactions determines their
classification as compounds of [4]:
– type I reaction, when the excited molecule of the photosensitizer reacts with
the substrate to generate active radicals which interact at their turn with subcellular
components.
– type II reaction, in which case the activated photosensitizer transfers energy
to the oxygen molecule on an excited singlet state (singlet oxygen) that has a high
chemical reactivity.
Whichever of the two types reactions would occur, finally reactive oxygen
species (ROS) are involved. De-oxygenation of the probe stops the photoactivity.
One estimates that a sensitizer molecule can generate 10 3–105 singlet oxygen
molecules in subsequent cycles before becoming inactive (through bleaching,
oxydation or other phenomena of inactivation) [5.a].
Apart from the intersystem crossing from triplet to singlet states of the
photosensitizer, the molecular processes involved in the photophysics and
photochemistry of the active species generation take place in extremely short time
intervals, which keep the excited photosensitizer molecules from interacting with
any of the molecules present in the neighborhood. Consequently, the most likely
photochemical reactions which involve photosensitizers can take place only while
dye molecules are on their triplet state T1; the longer the lifetime of the T1 state, the
greater the probability to encounter oxygen molecules and to produce energy
transfer to them.
The singlet oxygen generation can occur only if the triplet state energy of the
photosensitizer exceeds, with at least 6-8 kJ/mol, the energy required to bring
molecular oxygen to the singlet state. Taking into account that the forbidden backemission singlet-triplet of oxygen (which yields phosphorescence radiation) occurs
at λ = 1270 nm, one infer that virtually all molecules which absorb radiation at
λ < 1260 nm and have triplet states can generate singlet oxygen. The value of the
quantum yields of the singlet oxygen is the factor which defines a photosensitizer.
From the information given above it results that the key element in the PDT is the
series of elementary processes initiated in the photosensitizer molecules after
absorbing activation photons. Data on photophysical properties specific for PDT of
the photosensitizer are critical when a PDT application is targeted. Although the
study of phtalocyanines Pc in different scientific fields is intense [5.b] this kind of
data can be found with reasonable frequency in the literature for some of the basic
phthalocyanines, e.g. for ZnPc, Chloroaluminum Pc or Hydroxyaluminium Pc, but
rather scarce for other compounds as FePc, CoPc or NiPc [6, 7]. Moreover, the data
reported in different works were obtained by different methods in different
conditions so that they might be hardly compared. Therefore, the aim of this work
was subsumed to a larger goal: to consistently synthesize and measure
photophysical quantities of some basic metallated phthalocyanines.
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2. METTALATED PHTHALOCYANINES.
SYNTHESIS AND PHOTOPHYSICS
2.1. THE PHOTOSENSITIZER: METALLATED PHTHALOCYANINES.
SYNTHESIS
The main features that a photosensitizer must meet to have high therapeutic
efficacy could be listed as: (1) low toxicity in the dark; (2) high phototoxicity when
light activated; (3) high selectivity and specificity for target tumor; (4) rapid
elimination from the body; (5) absorption in optical transmission window of
biological tissues; (6) high quantum yield of singlet oxygen production; (7)
solubility in water-based solutions; (8) stability under physiological conditions.
Nowadays, some of the above requirements (low toxicity, specificity, watersolubility) could be fulfilled by associating the photosensitiser in different ways
with specialized carriers (nanoparticles, liposomes, quantum dots, PEGylation) by
encapsulation etc. This also refocused the interest for simple but effective
photosensitizers having the drawback of the lack of some of the mentioned features
(water-solubility e.g.) [8–10].
In recent years, the interest in the chemistry of macrocyclic compounds
closely related to phthalocyanines paid considerable attention due to their
properties and use in different fields [11]. Second and third-generation of
photosensitizers are now under investigation, different derivatives of the basic
phtalocyanines being synthetized and studied.
The non-metallated phthalocyanine is represented by structural formula 1
while the structural formula 2 in Scheme 1 shows a metallated phthalocyanine,
where M could be Cu, Ni, Fe, Al, Zn, Au, Ag, Co, Mn, Mg, etc. [12].

Scheme 1 – Structural formulae. 1: non-metallated. 2: metallated phthalocyanines.
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Formally,
the
phthalocyanine
may
be
considered
as
a
tetrabenzotetraazaporphyne, a product of condensation of four isoindol units. In
terms of structure, phthalocyanines are similar to natural porphyrins as
hemoglobin, chlorophyll and vitamin B12. Generally, phthalocyanine synthesis is
performed in a single step reaction, starting from o-phthalic acid derivatives such
as phthalic anhydride, phthalimide, or phthalonitrile, according to Scheme 2
[13–15]:
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Scheme 2 – General methods for the synthesis of phthalocyanines and their metallic derivatives.

The most important phthalocyanines derive from phthalonitrile, phthalic
anhydride, phthalocyanine derivatives or phthalocyanine salts with alkali metals, as
illustrated above.
Recent data present the synthesis of metallated phthalocyanines without any
solvent, through direct reaction of the phthalonitrile with a hydrated metal salt
under microwave irradiation (υ = 2450 MHz) or the reaction of the unsubstituted
phthalic anhydride with urea, as shown in Scheme 3 [16].
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Scheme 3 – Synthesis of metallophthalocyanines under microwaves.

Table 1 includes the main reaction conditions used in laboratory for the
synthesis of copper, nickel and chloroaluminium phthalocyanines through
conventional procedure, using the phthalic anhydride as raw material. For copper,
nickel, cobalt, zinc, iron and aluminum phthalocyanines synthesis under
microwave, using phthalonitrile as raw material, Table 2 shows the main laboratory
features in obtaining these metallated phthalocyanies.
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Table 1
Reaction conditions for synthesis of phthalocyanines through conventional method
No

Raw materials (g/M)

Copper
phthalocyanine

-phthalic anhydride (10.5/0.071)-urea (17.9/0.3)
-ammonium molybdate (0.25/0.0002)-CuCl2
(3/0.022)
-trichlorobenzene (35 ml)

Nickel
phthalocyanine

- phthalic anhydride (10.5/0.071)-urea (17.9/0.3)
- ammonium molybdate (0.25/0.0002)
-NiCl2 (2.96/0.012)
-Na3PO4(5.4/0.033)
- trichlorobenzene (50 ml)

1

2

3

Reaction
time (h)

Compound

Chloroaluminium
phthalocyanine

Yield
(%)

8

82

5

87

11

85

- phthalic anhydride (10.5/0.071)

Table 2
Reaction conditions for the synthesis of phthalocyanines under microwaves
Phthalocyanine

Molar ratio

CoPc
NiPc
CuPc
ZnPc
FePc
AlPc

PN : CoCl2·6H2O = 4 : 1
PN : NiCl2·6H2O = 4 : 1
PN : CuSO4·5H2O = 4 : 1
PN : ZnCl2·2H2O = 4 : 1
PN : FeSO4·7H2O = 4 : 1
PN : AlCl3·6H2O = 4 : 1

Yield
(%)
86
90
91
87
87
88

Irradiation
time (min)
2
3.5
3
4
4
4

Microwave
power (W)
500
500
500
500
500
500

where: CoPc: Cobalt phthalocyanine; NiPc: Nickel phthalocyanine; CuPc: Copper phthalocyanine;
ZnPc: Zinc phthalocyanine; FePc: Iron phthalocyanine; AlPc: Aluminum phthalocyanine; PN: phthalonitrile.
AlPc hydroxide was synthesized under mild hydrolysis of chloroaluminium phthalocyanine.

The obtaining of the Cu-tris(hydroxymethyl)-phthalocyanine and the Cutris(hydroxyethylaminomethyl) -phthalocyanine firstly supposes the synthesis of
the Copper-tris-chloromethyl-phthalocyanine, followed by hydrolysis of this derivative,
or condensation of the chloromethylated compound with monoethanolamine to
obtain the final product.
2.2. THE PHOTOSENSITIZER PROPERTIES
2.2.1. Steady Absorption: IR and UV-VIS
The synthesized compounds were firstly analyzed by IR spectroscopy (using
a FT-IR spectrometer JASCO 6300 and KBr disks) and by UV-VIS spectroscopy
(Perkin Elmer Lambda 950 spectrometer) in solutions of organic solvents (DMSO
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and DMF) with concentrations around c = 10-5 M. As typical, Figs. 1 and 2 show
the IR spectra of Copper-tris(hydroxymethyl)-Pc (Pc stands for phthalocyanine)
and of Cobalt Phthalocyanine (CoPc), while Fig. 3 shows the UV-VIS electronic
spectra of the CoPc for a sequence of concentrations in the range 1×10-6 M –5×10-5
M. Here one can notice the well structured Soret (~350 nm) and Q bands at around
670 nm.

Fig. 1 – IR spectrum of Cobalt phthalocyanine (KBr disk).

Fig. 2 – IR spectrum of of Copper-tris(hydroxymethyl)-phthalocyanine (KBr disk).
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The IR spectra in Figs. 1 and 2 exemplify the differences determined by
using various central metals in the phthalocyaninic ring (structural formula 2
above). All the IR spectra reveal identifiable specific absorption bands of the
compounds structure: C-N stretch and C-C stretching (e.g. for CoPc, AlPcCl and
Cu-tris(hydroxymethyl)-trihidroximetil-Pc), C-C main ring deformation, vibrations
outside the ring-plane etc. [17, 18].

Fig. 3 – UV-VIS spectra of Cobalt Phthalocyanine at increasing concentration
in the range 1×10-6 M – 5×10-5 M.

All the studied phthalocyanines showed similar electronic absorption spectra
in the UV and visible domains, having well defined Q and Soret bands and un-split
Q bands [19–21].
2.2.2. Specific properties
Referring to the photoreaction which produces active species in PDT, it is
estimated that the photoreaction is running along the type I pathway for less than
1% of cases, while the type II reactions generate majority of active species – the
molecular singlet oxygen. It is difficult to determine, particularly for the cases
engaging type I reaction, the precise pathway involved or the contribution of each
of the two types of mechanisms when both of them could be present.
One of the major goals of the researches in PDT refers to the assessment of
two main parameters featuring the phenomenon of photosensitization: (i) the
quantum yield of the singlet oxygen generation and (ii) the singlet oxygen
population lifetime.
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The main quantity involved in photogeneration of active species is the
quantum yield of the process Φ∆, which defines the ability of a chemical compound
to photogenerate reactive singlet oxygen species under optical radiation. This
overall feature reflects the outcome of the successive series of the elementary intra
and inter-molecular processes, such as the light absorption by the photosensitizer
molecule, and the formation of the triplet state until the energy transfer to the
oxygen molecule.
Oxygen (solubility in water ~ 273 µM [22]) is one of very few substances
whose molecule lies in a triplet state in its ground electronic state. In this state the
oxygen molecule is not very reactive. When activated through transfer of energy
(usually from another excited molecule lying in a triplet state) the oxygen molecule
pass in a highly reactive singlet state. Because the singlet – triplet transition is a
forbidden one, relatively long lifetime of the singlet excited state of the oxygen
molecule develops (3–4 µs in aqueous media). This fact increases the possibility of
the energetic singlet oxygen to interact with other molecules in the surrounding
medium to produce damages to the organelles of the target cancerous cells. If the
triplet electronic configuration of molecular oxygen in the ground state is a
threshold to oxygen interaction with most biological molecules which are usually
in a singlet state, then this barrier disappears when the oxygen molecule reaches the
singlet excited state.
Thus it is obvious the significance of the lifetime of the population of
photosensitized active species that is the duration over which singlet oxygen could
still destroy tumor cells. This feature determines e.g. the diffusion distance of the
reactive species, and indicates in this way the optimum location of the intracellular
photosensitizer accumulation ensuring effective destruction of the critical
constituents of the cancer cells.
Singlet oxygen detection methods are diverse, being based on different
physical or chemical aspects of the production of the oxygen molecule in its singlet
state, such as luminescence, electronic parametric resonance, calorimetry, chemical
reactions etc.
The oxygen molecule can return from the excited singlet state to the ground
state non-radiatively or in a radiative manner giving off phosphorescence in the
near IR. Based on this fact, one of the most sensitive and specific methods in
measuring the singlet oxygen is the direct measurement of its phosphorescence at
λ=1270 nm. The major advantage of this direct method is the capability to timeresolve the phenomena, revealing the kinetics of the generating process itself, and
the possibility to be extended even for in-vivo measurements. This is why we have
chosen this method for our objective, to study the kinetics of singlet oxygen
photogenerated by different metallated phtalocyanines. The experimental device
designed and set-up for this purpose is based on the basic right-angle geometry of
the detection of the phosphorescence of singlet oxygen decay.
The experimental set-up contains a singlet oxygen generating section
comprising, as shown in Fig. 4:

10

Studies about phthalocyanine photosensitizers

1041

– a pulsed YAG:Nd laser equipped with tripling (355 nm) optical nonlinear
crystals as an optical excitation source (1 and 2 in Fig.4);
– an optical sub-assembly for tailoring the laser beam, including dichroic
mirrors (4), a reverse Galilean telescope (6) with a divergent lens (avoiding airbreakdown by laser beam focalizing) and a set of optical filters (7) for the selection
of the laser pulse energy according to the experimental requirements and beam
splitters (3);
– a 10×10 mm cuvette (11) (fluorescence spectroscopy type, four-sides clear)
for the dye solution sample.
The experimental set-up also contains a time-resolved phosphorescence
measurement section which includes (Fig 4):
–a system for collecting and filtering the singlet oxygen phosphorescence
(13) (narrow-band filters centered at λ = 1270 nm, long-pass and short-pass
filters, a quartz cube-corner reflector (12) to increase the effectiveness of
phosphorescence collection) housed in a light-sealed optical chamber (9) which is
optically coupled to a photodetector;
– a photodetector (Hamamatsu H10330 Module) sensitive at 1270 nm;
– a laser power-meter (Gentec, equipped with QE25LP measuring head) (8);
– a digital oscilloscope (Tektronix type DPO-7254) (14);
– a fast photodiode, triggering the measuring cycle (5).

Fig. 4 – Experimental setup for photosensitized generation and measuring of singlet oxygen species.
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The experiments were conducted so that the samples were in equilibrium
with the atmosphere, without eliminating the naturally dissolved oxygen. The
employed solvents for the experiments were Dymethyl sulfoxide (DMSO) and
Dymethylformamide (DMF).
Because the dimerization of the phthalocyanines in solutions is a serious
drawback affecting the efficacy in generating active species, prior to measure
lifetimes and quantum yields of singlet oxygen it was necessary to verify the
occurrence of dimers in solutions in the range of utilized concentrations. The goal
was accomplished by absorption spectroscopy, by studying the dependence of the
optical absorption of phthalocyanine samples function of their concentration. As
typical example, in the case of CoPc the absorbance of the Q-band peak (658 nm)
versus concentration is depicted in Fig. 5, showing a good linear dependence which
excludes the possibility of dimer formation over this concentration range.

Fig. 5 – Linear dependence of the absorbance vs concentration for Cobalt phthalocyanine.

The same kind of dependence was found for all the studied phthalocyanines
over reasonable ranges of concentrations. This findings allow to document the fact
that the specific-to-PDT photophysical quantities determined in this work (singlet
oxygen quantum yield and singlet oxygen lifetime) are characteristic for the
respective phthalocyanine monomers.
Although the linearity of absorbance-concentration certifies the absence of
dimers, to ensure that, at the laser pulse energies commonly used for experiments,
no nonlinear effects occurred in the sample, a technique particularly sensitive to

12

Studies about phthalocyanine photosensitizers

1043

this type of influence was chosen, namely the optoacustics. The experimental
system is shown in Fig. 6. It comprises a YAG:Nd laser (1) and a frequency
tripling device (2) as optical source and a dedicated system for measuring the
acoustic waves generated in the samples (PAS 1000, Quantum Northwest Inc,
USA). The system contains a laser beam conveying and tailoring subassembly –
with filters (3), lenses (4), shutters and beam splitters (6) – an energy meter (9)
with two probes (8) to measure absorption in the sample. A fast photodiode (7)
triggers the measurement cycle. The housing (10) accommodates the sample
measurement cell (11) to which an ultrasonic transducer (12) is tightly coupled.
The sound waves, converted in electric signal by this transducer are sent to an
oscilloscope (15) and a computer (14). The system is computer controlled through
an electronic controller (13). The computer runs a dedicated software (Quantum
Northwest Inc, USA) to process the experimental data collected. As calorimetric
reference, Potassium dichromate (K2Cr2O7) was employed [23].

Fig. 6 – Experimental setup for photoacoustic calorimetry.

The setup was used to measure the amplitude of the acoustic wave generated
within the studied phthalocyanine samples as function of the laser pulse energy
having the maximum value of 1.3 mJ. A typical example is the CoPc (Fig. 7). On
the same layer of axes are depicted the dependence of the acoustic wave amplitude
– laser pulse energy for the CoPc sample and for the potassium dychromate. The
linear variation of the signal intensity (the amplitude of the first maximum minus
amplitude of the first minimum) as a function of the laser pulse energy is a sound
indicator of the lack of nonlinear effects, at least when the employed laser energy
was up to 1.3 mJ and the absorbance of the sample at the laser wavelength
purposely equals the absorbance of the calorimetric reference. Similar results were
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found for all the compounds of interest, supporting the statement that the data
regarding the lifetime of singlet oxygen population and the quantum yields of the
photosensitized singlet oxygen are not affected by saturation effects or other
nonlinear effects.

Fig. 7 – Amplitude of acoustic wave function of laser energy for CoPc (c = 5×10-6 M)
and calorimetric reference (c = 2.21×10-3 M). Absorbance A = 0.13 at 355 nm.

2.3. ACTIVE SPECIES – PHOTOGENERATED SINGLET OXYGEN
2.3.1. Lifetime
The above presented experimental setup (Figure 4) was used to measure the
lifetime of singlet oxygen generated by the synhetized phthalocyanines by optical
radiation excitation. Laser excitation of phthalocyanines was chosen in their Soret
band at 355 nm. Maximum laser pulse energy was 1.2 mJ, in order to avoid
saturation or photolysis. Fitting of the averaged experimental data – the intensity of
phosphorescence given off by singlet oxygen population at 1270 nm versus time –
with single exponential function produces lifetime of the population of oxygen
molecules in singlet state. In Figs. 8 and 9 are presented the experimental data and
the fitting exponential functions for CoPc and ZnPc. As it has been stated above,
data on photophysical quantities are somehow conflicting; the lifetime found in the
literature for the ZnPc in DMSO e.g. spreads over the range 19 µs (according to
[24]), 1.8 µs (according to [25]) and 30 µs (according to [26]).
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Fig. 8 – Kinetics of singlet oxygen phosphorescence decay in DMSO
when it is photosensitized by CoPc.

.

Fig. 9 – Kinetics of singlet oxygen phosphorescence decay in DMSO
when it is photosensitized by ZnPc.
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For all the synthesized phthalocyanines the calculated lifetime of singlet
oxygen are summarized in the Table 3 below.
Table 3
Synopsis of the measured singlet oxygen lifetime photosensitized by the studied phthalocyanines
No

Compound name

Solvent

1.
2.
3.
4.
5.
6.
7.
8.
9.

ZnPc
Cu-tris(hydroxyethylaminomethyl)-Pc
Cu-tris(hydroxymethyl)-trihidroximetil-Pc
FePc
CoPc
CuPc
NiPc
Chloroaluminum Pc (AlPcCl)
Hydroxyaluminium Pc (AlPcOH)

DMSO
DMF
DMSO
DMSO
DMSO
DMSO
DMF
DMSO
DMSO

Lifetime of singlet
oxygen (µs)
9.5
20
4.8
6.0
3,0
5.3
3.9
8.4
11.8

The analysis of the above table reveals that although one considers as a rule
that the lifetime of the singlet oxygen depends only of the solvent of the sample,
the measured lifetime of active species photogenerated by different phthalocyanines
seems to point out a dependence of this lifetime on the properties of every
photosensitizer and possible of its interactions with the solvent.
2.3.2. Quantum yield of photogenerated singlet oxygen
Usually, the measurement of the quantum yield of singlet oxygen generated
by an unknown compound supposes reference to an accepted standard - a chemical
compound for which this quantity is known. This was also our case, when a
relative measuring method was used to measure quantum yield of singlet oxygen
by comparing the intensity of the phosphorescence emission of the two compounds
- the sample and the standard product, extrapolated at the zero moment of the laser
pulse, as functions of the energy absorbed from the laser pulse. The two
compounds are measured under strictly identical conditions (geometry of the setup, optical absorption properties, excitation laser energy etc). The intensity of the
phosphorescence is measured at the “zero” moment when the laser pulse excites
the sample. The laser pulse duration (~ 5 ns) is very short as compared with the
singlet oxygen phosphorescence duration (~ µs). Appropriate corrections were
made when a different solvent was used (DMF instead of DMSO).
As the standard compound was chosen Zinc phthalocyanine (Fluka), a
compound for which quantum yields of singlet oxygen, largely accepted in the
literature is Φ = 0.67 in DMSO solvent and Φ = 0.56 in the solvent DMF [27]. The
absorbance of the standard and of each of the samples was kept at A = 0.28, so that
the concentration of the sample was determined by this bond. By plotting the
intensity of the phosphorescence of singlet oxygen at the moment of the laser
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pulse (zero moment) versus laser pulse energy, the experimental data fit well with
straight lines, as shown in the Fig. 10, where this dependence is depicted on the
same plot, as a typical example, for both the chosen standard ZnPc and CuPc.

Fig. 10 – Oxygen singlet phosphorescence intensity photosensitized by ZnPc
(standard) and CoPc.

If Φ∆ and Φ∆s are the quantum yields of the studied compound and of the
standard, because the absorbances of the two are the same (thus the energies
absorbed from the laser pulse are the same), the following relation holds:
Φ∆ / Φ∆s = m / ms ,

(1)

where m and ms are calculated slopes of the fitting straight lines The calculus of Φ∆
is thus straight forward. One may notice the different slopes of the fitting lines,
corresponding in fact to different quantum yields for singlet oxygen generation of
the two compounds. Similar computations led to the quantum yields values for all
the synthesized phthalocyanines as shown in the Table 4.
Table 4
Synopsis of the calculated quantum yields for the phthalocyanines of concern
No
1
2
3
4

Compound name
ZnPc
Cu-tris(hydroxyethylaminomethyl)-Pc
Cu-tris(hydroxymethyl)-trihidroximetil-Pc
FePc

Quantum yield of
photogenerated singlet
oxygen
0.67
0.02
0.05
0.9

Solvent
DMSO
DMF
DMSO
DMSO
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Table 4 (continued)

5
6
7
8
9

CoPc
CuPc
NiPc
Chloroaluminum Pc (AlPcCl)
Hydroxyaluminium Pc (AlPcOH)

0.3
0.10
0.02
0.23
0.41

DMSO
DMSO
DMF
DMSO
DMSO

From this table it results that the quantum yield of the singlet oxygen
generated by different phthalocyanines highly depends on the diamagnetic metal
used to metallate the phthalocyanine. Acceptable values of the quantum yield are
for Zn and Al compounds, while the phthalocyanines with Cu, Fe, Co, Ni metals in
the central ring have very small quantum yields in generating singlet oxygen, close
to the quantum yields of singlet oxygen generated by endogenous constituents of
the living cells (aromatic amino acids, proteins) [28].
3. CONCLUSIONS
Basic phthalocyanines with diamagnetic metals in the phthalocyanine ring
(Cu, Al, Fe, Mn, Co and Ni) and a few derivatives with different moieties were
selected and optimized from the point of view of the method for laboratory
chemical synthesizing, using either the conventional (wet) method or the
microwave assisted method.
The synthesized compounds were studied using appropriate experimental
setups from the point of view of their main photophysical characteristics as
potential photosensitizers for PDT; samples were prepared in DMSO and DMF.
Active species (singlet oxygen) are photogenerated by all the synthesized
compounds by laser induced excitation. The photosensitized singlet oxygen was
analyzed by studying quantum yields and lifetimes controlling processes.
Experiments were made in similar conditions for all the products so that the
measured quantities may be accurately compared to each other.
It was confirmed that all considered metallated compounds generate singlet
oxygen by photosensitization with different quantum yields, going down till a
minimum value 0.03 for cobalt phthalocyanine.
It was also found that although the lifetime of the photogenerated singlet
oxygen is considered a property determined solely by the solvent, various lifetimes
of the singlet oxygen populations were determined for the studied compounds
(from about 3 µs for Cobalt phthalocyanine untill about 12 µs for the hydroxyaluminium phthalocyanine in DMSO and 20µs for the compound named Cutris(hydroxyethylaminomethyl)-Pc in DMF).
These data may be correlated with other reports [29-38] regarding the use of
medicines in solution, which are modified by exposure to laser radiation in order to
produce new compounds that are either individually or synergistically effective

18

Studies about phthalocyanine photosensitizers

1049

against multiple drug resistant bacteria. In some cases [29, 33, 37] the role of the
singlet oxygen as bactericide compound in solutions is mentioned and it results that
further studies to more accurately identify the effects of it in the field of fighting
multiple drug resistance (MDR) developed by bacteria are needed. This would be a
complement of the singlet oxygen application in the photodynamic therapy of the
malignant tumors.
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