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INTRODUCTION

The singlet oxygen has a great importance in photochemistry and
photobiology. There is strong evidence for the involvement of singlet
oxygen, a powerful oxidant, in photosensitized oxidations, in
phototherapy of cancer, in photodynamic inactivation of viruses and
cells, in the photodegradation of dyes and polymers. We have to take
the formation of singlet oxygen into account where the oxygen and
light are present.

The ground state of molecular oxygen has triplet multiplicity but
the lowest electronically excited state has singlet multiplicity. The
deactivation process is forbidden therefore the lifetime of singlet
oxygen is comparatively long (is in µs-ms range).

My thesis consists of three subjects connected with the
photochemistry of singlet oxygen. By means of the subjects we get
acquainted with the most important events and properties of the
singlet excited state oxygen molecule: formation, detection and
quenching.

The contents of the first part is the photochemical investigations
of some new tetraphenyl-porphyrin type photosensitizer. First the
photophysical, photochemical properties (triplet absorption spectra,
triplet absorption coefficients, the quantum yields of triplet state and
singlet oxygen formation, rate constant of triplet quenching by
oxygen) were determined in organic solution. The triplet quenching by
oxygen is the most important step in the process of formation of
singlet oxygen. The microenvironment of the sensitizer influences on
the quenching process, for this reason quenching was studied not only
in homogeneous solution but in phospholipid membrane. The bilayer
of the vesicle is simple, artificial model of the cell membrane.
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Nowadays singlet oxygen is detected almost exclusively by its
weak near infrared (1270 nm) phosphorescence. The intensity of
phosphorescence signal is a function of the phophorescence radiative
rate constant and the rate constant strongly depends on the molecular
environment. It is very important to know at least the relative rate
constant values if we want to compare the infrared signals in different
solvents. We wanted to eliminate the errors of the measurement setups
found in the literature so we have built a new one. Beyond that we are
able to calibrate in our experimental setup the emission signal to the
concentration of singlet oxygen.

An excited state molecule has several possibilities for the
deactivation of the excitation energy. The lifetime of singlet oxygen
depends strongly on the solvent but other molecules (quenchers) are
able to shorten its lifetime too. The investigations of coordinatively
unsaturated cobalt complexes is the third subject of my thesis.
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EXPERIMENTAL

The main experimental technique was the laser flash photolysis
using absorption and emission detection. The excitation sources were
a flashlamp-pumped dye laser or a Nd-YAG laser. The absorption
setup consisted of a high pressure xenon lamp, monochromator,
photomultiplier tube and optical elements. The phosphorescence of
singlet oxygen was detected by a liquid nitrogen cooled germanium
photodiode. The signals were amplified and fed to a data acquisition
card or oscilloscope. Measurements were evaluated by a home-made
or commercial programs.

Conventional methods (UV-VIS absorption and fluorescence
spectroscopy) were applied to characterization of the porphyrin
compounds.

Steady-state illumination experiments were made in the presence
of quenchers (cobalt complexes). The product of the photooxidation
was analysed by HPLC.

It is necessary to mention the Mont Carlo simulation among the
experimental methods. By means of this technique we were able to
find out the optical properties of our measurement setup.
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THESES

1. Some new tetraphenyl-porphyrin (TPP) type photosensitizers
were investigated extensively. Photophysical and photochemical
properties (triplet absorption spectra, triplet absorption
coefficients, the quantum yields of triplet state and singlet oxygen
formation, the rate constant of triplet quenching by oxygen) were
determined in organic solution. The sensitizers were very similar
to the parent compound (TPP) from photochemical point of view,
only the trihydroxy derivative had significant smaller singlet
oxygen quantum yield presumably the higher aggregation
tendency.

 

2. I have studied the energy transfer process between the triplet
excited state of the porphyirin and the ground state of oxygen in
vesicle membrane. The quenching process is sensitive to the
phase of the membrane and undergo a significant change at the
temperature corresponding to the main phase transition. The
temperature of the phase transition can be detect with an
appropriate accuracy, the values are in good aggrement with data
finding in the literature.

 

3. According to our calculation the larger part of the quenching
reaction involves oxygen molecules diffusing into the membrane
from the surrounding bulk aqueous medium. Therefore the second
order quenching rate constants were calculated by using the
oxygen concentration in air-equilibrated water.

 

4. The activation energies of the triplet quenching process were
determined in the gel and fluid phase of the membrane. At the
temperature below the phase transition the activation energy of
the quenching process decreases as the polarity of the porphyrin
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increases. This observation is connected with the porphyrin
localization in the lipid membrane because the viscosity change
caused by the temperature increasing is different in the different
part of the membrane.

 

5. The checking of this explanation was done by fluorescence
polarization measurements. The results of triplet and flurescence
experiments correspond if we take account of the different
characteristic time (ns vs. µs) of the triplet state and the
fluorescence.

 

6. I have compared the phase transition by triplet quenching on
vesicles of different average size (average diameters of 50 and
100 nm). According to the derivative curves the phase transition
temperature was about 2°C lower in the smaller vesicle. A
possible reason is the higher stress in the membrane of the smaller
vesicle.

 

7. I have built a new measurement setup for the investigation of
phophorescence of singlet oxygen. It was possible in this setup to
calibrate the near infrared emission signal to the concentration of
singlet oxygen and to determine the phosphorescence radiative rate
constant in different solvents.

 

8. I have developed a Monte Carlo simulation program to the
evaluation of the experimental data and the light collection
efficiency of our setup was investigated as a function of sample
absorbance and refractive index. The light collection efficiency
does not depend on the absorbance of the sample. On the other
hand the efficiency is influenced significantly by the refractive
index of the solution. This effect is taken into account by a simple
correction.
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9. The usual correction is not sufficient according to the simulation
because it neglects the reflected light coming from the wall of the
cuvette. If the refractive index of the glass of the cuvette is very
different from the refractive index of the solution the amount of
the reflected light will be 25 % compared with the direct light.

 

10. The measured relative phosphorescence radiative rate constants
are in good aggrement with data finding in the literature which
does hopeful the study of microheterogeneous systems (e.g.
vesicle membrane). Observations of the simulation are applicable
in fluorescence experiments too. The investigation of other
emission measurement setup necessitates only a little
modification of the program.

 

11. The quenching of singlet oxygen by coordinatively unsaturated
(ligand)bis(1,2-benzosemiquinonediiminato)cobalt(III) complexes
has been studied in different solvents. The axial ligand has
practically no influence on the quenching; however the
chlorination of the benzosemiquinone equatorial ligand has a
markedly lower quenching rate constant. The investigation of the
measured rate constants had proved that the quenching process is
diffusion controlled.

 

12. We applied the theory of the diffusion controlled reactions for the
quenching process. The reactive distance of the encounter pair has
been calculated to be 0,33 nm, which points to the fact that singlet
oxygen must approach the central cobalt atom at the open axial
position. The proposed mechanism is energy transfer by electron
exchange. This interaction require appropriate orbital overlapping
between the interacting partners. According to this mechanism the
chlorination of the equatorial ligand changes the electron donating
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properties of the central cobalt atom appreciably, which has a
considerable effect on the quenching ability of the complex.

 

13. Steady-state experiments carried out to study the oxidizing
capacity of quenching showed that there was a minor route which
yielded oxidizing intermediates capable to transform
hydroquinone to benzoquinone. The quencher concentration was
constant during the illumination so the process may be regarded
as photocatalytic oxidation.
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