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1. Introduction

Fluorescent methods represent one of the fastest-growing and most wide-

spread tools in material science, environmental, chemical, biological and medical

research. They offer extraordinary sensitivity and selectivity. Fluorescence

methods can be efficiently utilized for the study of the supramolecular systems

and the interaction between supramolecules.

Steady state and time resolved fluorescence spectroscopic measurements are

powerful tools for the detection of the change in micropolarity and microviscosity

around the fluorescent molecules. Detection of polarization as well as the

temporal decay of the emitted light intensity give additional information and can

also be exploited for many purposes.

The highly selective and directional nature of the hydrogen bond makes it

ideal for use in construction  of self-assembling molecular architecture and non-

covalent synthesis of new materials. It is the most important force, which ensures

the molecular recognition among the subunits and stabilizes the supramolecular

complexes. It is known that hydrogen bonding in the excited state exerts large

effect on the rate of radiationless deactivation. Photon absorption results in charge

redistribution leading to instantaneous change in acid-base properties and redox

potentials, which can be used e.g. in optoelectronics.

The vast and rapidly growing number of papers published in this field proves

the importance of fluorescent techniques.
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2. Background

2.1. 3-Azafluorenones

Fluorenone derivatives (Fig. 1.) have recently received widespread interest

because of their potential applications in biochemistry and pharmacology. An

important class of natural alkaloids, the onychine derivatives, possesses aza-

fluorenone moiety.

                                           F                                              3-AF

Figure 1.
The structures of fluorenone (F) and 3-azafluorenones (3-AF);

 R = H, F, CH3.

 In spite of the importance of the excited fluorenone derivatives, the

fluorescent behaviour and the energy dissipation processes of their nitrogen

heterocyclic homologues have not been studied yet.

2.2. Nile Red

Nile Red (Fig. 2.) is a hydrophobic, highly fluorescent dye. It has been

extensively applied because of the remarkable sensitivity of its absorption and

fluorescence characteristics. It is an effective probe and not toxic in a small

concentration, so it can be applied also in vivo experiments. No systematic studies

have been carried out to unravel the effect of microenvironment on the

deactivation processes from the excited state. I focused on the fundamental

questions whether hydrogen bonding and viscosity exert significant influence on
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the fluorescent properties and the energy dissipation pathways of excited

molecules.

Figure 2.
The structure of Nile Red.

2.3. N-pyridyl-naphthalimides

Lots of patents deal with the antitumor and antivirial effects of 

naphthalimides. These compounds can be applied also in optoelectronics. The

fluorescence properties of various naphthalimide isomers differ considerably from

each other; therefore, I decided to study their novel N-pyridyl derivatives (Fig. 3.).

                                           

Figure 3.
The structures of N-pyridyl-naphthalimides.
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2.4.  [1,2,3]triazolo[4,5-d]pyridazines

The triazolo-pyridazin derivatives can be used in the biological research as

an adenine receptor. Though the synthesis and application of these compounds go

back to the eighties, no photochemical investigation has been performed yet. In

this work I studied the photophysical properties of the following novel derivatives

(Fig. 4.).

Figure 4.
The structures of 5-methyl-7-phenyl-2,5-dihydro-[1,2,3]triazolo[4,5-d]-

pyridazines.
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compounds. I focused on the following questions:

1. how the molecular structure and the microenvironment affect the energy

dissipation pathways from the excited state.

2. how the hydrogen bond formation influences the dominant energy dissipation

      pathways and the decay kinetics of the singlet excited molecules.

4. Experimental methods

UV-Vis absorption spectra were obtained with a Hewlett-Packard 8452

diode-array spectrophotometer. Fluorescence spectra were recorded on a home-

built spectrofluorimeter equipped with a Princeton Applied Research type 1140

A/B photon counting system.

 Fluorescence lifetimes were measured with time correlated single-photon

counting technique with an Applied Photophysics SP3 apparatus using the light

of a hydrogen lamp or a Picoquant diode laser (pulse duration 60 ps FWHM). The

fluorescence decays were detected with a  Hamamatsu H5783 photosensor module

which was connected to a  Picoquant Timeharp 100 electronics.

The triplet formation was studied with a Lambda Physik EMG 101 type

XeCl excimer laser flash photolysis apparatus. The samples were excited at 308

nm.

Cyclic voltammograms were recorded with a Cypress Systems, Inc. OMNI-

101 microprocessor controlled potenciostat.
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5. Results

The results of my thesis are summarized as follows:

5.1. 3-Azafluorenones

a.)  Photophysical properties have been determined for 3-azafluorenone and its 7-

substituted derivatives in various solvents. The energy of the lowest excited

singlet state and the rate of intersystem crossing were found to be significantly

higher in hexane relative to those in more polar solvents.

b.) I demonstrated that the substitution with fluor and methyl groups as well as the

solvent polarity enhancement considerably decelerated the triplet formation,

which was attributed to the increase in the activation energy of the transition

from the lowest singlet to a close-lying higher triplet excited state.

c.) I revealed that the internal conversion gained importance with increasing

solvent polarity and became the major excited state depopulating process for

the substituted derivatives in polar media. The change of the internal

conversion rate constants were rationalized based on the energy gap law.

5.2. Nile Red

a.) I showed that the absorption and fluorescence spectra of Nile Red had a red

shift in alcohols.

b.) I revealed that the photophysical properties of Nile Red significantly differed

in apolar solvents and in alcohols. However, only a little change was found in
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the fluorescence yield and lifetime in the media incapable of hydrogen

bonding with Nile Red. The dielectric solvent-solute interaction did not

accelerate the relaxation of the excited state.

c.) My experiments proved that hydrogen bonding of Nile Red with alcohols

could occur both in the ground and excited states. The fluorescence lifetime

and quantum yield were found to diminish significantly with increasing

hydrogen bond donating power of the medium.

 d.) I found a good linear correlation between the rate constant of the radiationless

deactivation to the ground state and the hydrogen bond acidity parameter

(α2
H).

e.) I showed that in apolar solvents the addition of 1,1,1,3,3,3-hexafluoro-

isopropanol shortened the fluorescence lifetime indicating dynamic

quenching. The quenching rate constant diminished with increasing solvent

polarity.

f.) I observed deuterium effect, which clearly showed that deactivation in alcohols

took place via the vibrations related to hydrogen bonding.

g.) Based on the small impact of viscosity on the fluorescent behaviour, I

concluded that twisting of the diethyl amino moiety of Nile Red was not

involved in the dissipation of the excitation energy.

5.3. N-pyridyl-naphthalimides

a,) Fluorescence emission was found to be the dominant energy dissipation path-

way of singlet excited 1,2-naphthalimide. Introduction of the 4-pyridyl

substituent into the imide moiety significantly accelerated the internal
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conversion and diminished the value of the radiative rate constant.

b.) I revealed that the internal conversion rate constant strongly depended on the

position of the N-(4-pyridyl)-dicarboximide moiety on the naphthalene ring.

It increased two orders of magnitude in the series of 2,3-NIPY(4), 1,2-

NIPY(4), 1,8-NIPY(4). Decrease of the energy gap between S2 and S1 states

in the series of 1,2-NI > 1,2-NIPY(4) > 1,2-NIPY(3) ≈ 1,2-NIPY(2) led to

more efficient vibronic coupling between close-lying S1 and S2 excited states

significantly enhancing the rate of internal conversion.

c.) I showed that OH-compounds formed 1:1 complex interacting with the pyridyl

group. Hydrogen bonding on addition of alcohol and acid significantly

decelerated the internal conversion, because it prevented the extended

conjugation between naphthalimide and pyridyl moieties.  The vibronic

coupling between S1 and S2 states was weakened leading to slower internal

conversion.

d.) Because of its very high fluorescence quantum yield (ΦF = 0.94), 1,2-

NIPY(4)H+-CF3COO- complex can be used as a laser dye or for indication of

trace amount of acid.

e.) I demonstrated that fluorescence quenching with phenols took place both in

dynamic and static processes. Electron transfer was slower in the hydrogen

bonded complex, where phenols were linked to the pyridyl moiety, due to the

larger distance between the electron donor and acceptor components.

f.) I showed that the energy dissipation pathways of N-pyridyl-naphthalimides

were controlled by the acidity, hydrogen bond capability and redox potential

of the additive.

g.) I proved that naphthalimides formed fluorescent exciplex with naphthalene in
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a reversible process in toluene. The decrease of the exciplex energy in the series

of 1,2-NIPY(4) > 1,2-NI > 1,2-NIPY(4)H+ leads to ca. three orders of magnitude

diminution in the rate of exciplex → excited naphthalimide reaction, whereas the

values of the rate constants of energy dissipation processes from the singlet

excited state rose slightly.

5.4. [1,2,3]triazolo[4,5-d]pyridazines

a.) I showed that these compounds had a great photostability and there was no

photodecomposition even at high laser energies. Because no photochemical

reaction occured in alcohols, I concluded that the lowest triplet excited state

had a ππ* characteristics. The photostability of TP1 and TP2 arose from the

very low triplet yield and the short lifetime of the singlet excited state in a

picosecond range.

b.) I showed that TP1 absorbed only ultraviolet light. The maximum of its

absorption spectrum shifted towards the shorter wavelengths only in alcohols.

The absorption spectra of TP1 and TP2 showed marked solvent dependence.

c.) I proved that TP3 was so weakly fluorescent and the rate of triplet formation

was very low. After absorption the singlet excited state lost its energy in a fast

process and returned to the ground state.

d.) I demonstrated that removing of the 4-chloro-phenyl moiety (TP2) caused an

enhancement of fluorescence quantum yield, but the fluorescence lifetime

remained 330-340 picosecond in aprotic solvents. The C=O type compound

(TP1) had a higher fluorescence yield and its fluorescence lifetime was longer

than that of the Schiff base (TP2). The rate constant of the triplet formation
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of these compounds differed only slightly.

e.) I showed that the nonradiative energy dissipation was the dominant process

from the excited state. The rate of this process proved to be independent of the

solvent polarity, but significantly increased in the series of TP1 < TP2 < TP3.

f.)   I revealed that the hydrogen bonding ability of TP1 was much smaller than

that of TP2. Fluorescence intensity enhancement was found upon hydrogen-

bond formation because the rate of nonradiative energy dissipation became

slower in the excited complex.

6. Application of results

The effect of molecular structure and microenvironment on the deactivation

pathways of the excited molecules is a very important research area. My results

can be used for biological and pharmaceutical researches, in the design of

fluorescent probes and in solar-energy utilization processes.

My studies that revealed the effect of hydrogen bonding on the rate and

mechanism of electron transfer processes, contribute to the deeper understanding

of oxidation-reduction processes in biological systems and the changes caused by

irradiation with sun light.
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