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1. Introduction

In  the  present  day,  applied  spectroscopic  methods  extend  over  the  whole  range  of

electromagnetic radiation, starting from the radio-waves (a few Hz) to the gamma-radiation (>1019

Hz). Using the UV-Vis-NIR range of the spectrum (~1014-  1015 Hz),  we are able to create and

investigate excited electronic state molecules. The absorption and/or emission of photons in this

range is the basis of the working of solar-cells and (O)LEDs, and can also be the detected signal in

analytical-  or  medical  diagnostic methods and the applied agent  for  some medical  treatments.

Furthermore,   electronic  excitations are the basis  of  the working principle  of  several  physical,

chemical and biological methods.

    The kinetic investigations of fast excited electronic state processes rapidly improved with the

appearance of pulsed lasers.1 The number of processes that could be studied was expanded with

the shortening of  the  pulse-width,  and  nowadays lasers  with  pulses  of  a  few hundred fs  are

routinely applied for physical-chemical research. Employing these fast-pulsed lasers, we are able

to investigate the relaxation processes in hot states (excited electronic states before the vibrational

cooling), to study the movement of solvent molecules in the fs-range and to observe the vibrational

energy redistribution of molecules.

    In my PhD studies, we have worked on excited electronic state reactions, charge-, electron- and

proton transfer processes. We have employed the combination of experimental and theoretical

methods  for  the  deeper  understanding  of  these  processes.  The  explored  molecules  are  3-

hydroxyflavone  and  1,8-naphtalimide  derivatives.  They  are  one  of  the  most  commonly  used

fluorophores for polarity-, viscosity-, pH- and chemical sensors/probes because of their excellent

spectroscopic properties.  We hope that  our results will  contribute to the development of  novel

fluorescent probes.

2. Literature review

2.1 The photochemistry of 3-hydroxyflavones

3-hydroxyflavone  (3HF)  and  many  of  its  derivatives  are  dually  fluorescent  molecules

because of excited state intramolecular proton transfer (ESIPT, Figure 1).2 In their excited state,

the proton of the OH-group transfers to the oxygen of the C=O group. The two interconverting,

fluorescent  species are called  the normal  (N*)  and phototautomer (PT*)  forms.  Losing excess

energy, the PT species forms from PT* and then undergoes a structural relaxation through ground

1 T. H. Maiman, Nature, 1960, 187, 493
2 P. K. Sengupta et al., Chemical Physics Letters, 1979, 68, 382
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state proton transfer (GSIPT, Figure 2). This way, we get the starting N form back and the proton

transfer cycle is finished.

Figure 1. - The intramolecular proton transfer cycle of 3HF

One can observe two well-separated bands in the emission spectrum of  3HFs, they are

related to the N* and PT* forms. The wavelengths, the intensities and the ratio of the intensities of

the two bands are sensitive to the local environment of the molecule, particularly to its polarity and

hydrogen-bond donor-acceptor  nature.  Several  applications of  3-hydroxyflavone derivatives are

based on the above-mentioned properties. They are employed for physicochemical studies of lipid-

membranes,3 following  the  formation  of  micelles,4 and  the  investigation  of  biomolecular

interactions.5 3-hydroxyflavones  are  also  applicable  as  chemosensors.6 For  example,  4'-

dimethylamino-3-hydroxyflavone is a known selective ATP sensor.7

The applications  of  3HFs are influenced by  their  photodegradation reactions which are

noticeable when exposed to prolonged, strong illumination. Two photodegradation pathways are

known; one photooxygenation, and one photorearrangement reaction (Figure 2).

For improving the photostability of 3-hydroxyflavones, it is required to know the mechanism

of  these  reactions.  Numerous  research  groups  have  paid  attention  to  the  photodegradation

reactions  of  the parent  compound  3HF since the end of  the  1980s.  There  are a  few studies

extending to the alkyl and hydroxyl derivatives. To the best of our knowledge, there is no study

dealing with the photodegradation reactions of the dialkylamino-derivatives.

3 A. S. Klymchenko et al., Biochimica et Biophysica Acta, 2004, 1665, 6
4 S. Ghosh et al., RSC Advances, 2015, 5, 49054
5 M. Sholokh et al., The Journal of Physical Chemistry B, 2015, 119, 2585
6 M. Lana et al., Sensors and Actuators B, 2011, 156, 332
7 V. G. Pivorenko et al., Journal of Fluorescence, 2006, 16, 9
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Figure 2. - The photodegradation pathways of 3HF proposed in the literature

2.1.1 The photooxygenation reaction of 3-hydroxyflavones

The direct and photosensitized oxygenation reactions of  3HF were studied in detail. The

products of the reaction are the appropriate O-benzoyl-salicylic acid (SA) and carbon monoxide

(Figure 2).8

In  the  case  of  direct  photooxygenation,  the  triplet  phototautomer  form is  reacting  with

ground state triplet oxygen (3O2). The mechanism of the reaction was investigated in heptane and

in a low-temperature oxygen matrix. There are two known, partially contradictory mechanisms in

the literature. One of these mechanisms hypothesizes an exohydroperoxide (XP)9 intermediate

and the other an endoperoxide (NP)10 intermediate for the reaction.

In  the  case  of  the  photosensitized  oxygenation,  singlet  oxygen  (1O2)  is  formed  by  a

photosensitizer  and  reacts  with  the  normal  ground  state  species.  Based  on  the  experimental

results, there are two mechanisms for the photosensitized reaction in the literature as well. One of

them suggests the XP followed by NP as intermediates.11 The other mechanism supposes an NP

intermediate only which forms right after the addition of the oxygen.12

2.1.2 The photorearrangement reaction of 3-hydroxyflavone

The product of the photorearragement reaction of 3-hydroxyflavones is the appropriate 3-

hydroxy-3-phenyl-indan-1,2-dione (IN) which can further decompose resulting in a 3-aryl-phthalide
8 W. E. Brewer et al., The Journal of Physical Chemistry, 1989, 93, 6088
9 P.-T. Chou et al., Photochemistry and Photobiology, 1991, 53, 587
10 M. Wang et al., The Journal of Physical Chemistry C 2007, 111, 3044
11 T. Matsuura et al., Tetrahedron, 1970, 26, 435
12 S. L. Studer et al., Journal of the American Chemical Society, 1989, 11 1, 7643
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type compound (Figure 2).8

It  has  been  proven  that  the  reacting  form  is  the  triplet  state  normal  species.  In  the

mechanism of the rearrangement reaction, an epoxy (EP, Figure 2) intermediate was hypothesized

in the literature, from which the IN forms due to a proton transfer.13

One  of  our  goals  was  to  explore  the  mechanism  of  the  photooxygenation  and

photorearrangement  reactions  of  3-hydroxyflavones.  Since  the  previous  works  identified  the

products of these reactions and suggested mechanisms for them on the basis of experimental

work,  our aim was to contribute to the knowledge by theoretical  work. Our other goal was to

investigate  the  photodecomposition  pathways  of  the  versatile  3HF type  fluorescent  probe,

4'-diethylamino-3-hydroxyflavone (DEA3HF). In this study, the experimental work dominates; the

reaction product was identified, the quantum-yield of the reaction was measured, and the kinetics

of the photodegradation was investigated. The work was supported by theoretical calculations on

the potential energy surface. On the basis of our results, we can explain the different reaction

pathways and photostability of the two compounds.

2.2 1,8-naphthalimides

2.2.1 4-piperidinyl-1,8-naphthalimide

The  photophysical  properties  of  the  1,8-naphthalimides  (NI)  have  been  extensively

investigated as 1,8-naphthalimide is one of the most commonly used fluorophores in fluorescent

probes. Introducing an electron donor substituent into the 4-position of the 1,8-naphthalimides, the

photophysical properties of the derivative improve compared to the parent compound. While the

S0→S1 transition of the parent compound is in the UV-range, the absorption of these derivatives is

shifted to the Vis-range. The excited states of the substituted derivatives have a charge transfer

(CT) character and generally, the fluorescence quantum-yields are higher than the respective value

of the parent compound.14 The situation is different when the electron donating substituent is cyclic

amine (piperazine, morpholine, pyrrolidine, piperidine), the amino group of which is not in the plane

of the naphtalimide frame even in the ground state.15 This favors further turning in the excited state

which  results  in  a  twisted  intramolecular  charge  transfer  (TICT)  process  that  is  an  additional

deactivation channel of the excited state. Increasing the probability of the turning motion, one can

observe a weakening fluorescence. On the basis of this principle, viscosity16 and polarity17 probes

were developed. Moreover, the formation of TICT state is hindered by aggregation which results in

the phenomenon of aggregation-induced emission.18

13 I. Yokoe et al., Chemical and Pharmaceutical Bulletin, 1981, 29, 894
14 a: V. Wintgens et al., New Journal of Chemistry, 1996, 20, 1149; b: L. Biczók et al., Physical Chemistry 

Chemical Physics, 1999, 1, 4759
15 a: S. Zheng et al., Photochemical and Photobiological Sciences, 2012, 11, 1675; b: X. Liu et al., Journal 

of the American Chemical Society, 2016, 138, 6960
16 T. Liu et al., Scientific Reports, 2014, 4, e5418
17 G. S. Loving et al., Journal of the American Chemical Society, 2008, 130, 13630
18 Y. Sun et al. , Journal of Luminescence, 2013, 141, 93
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Figure 3. - The investigated compounds, MV, NI, NIPi and their bipyridinium conjugates NIMV, NIPiMV 

Although the photophysical properties of  some 1,8-naphthalimide derivatives have been

interpreted in terms of two interconverting states (CTTICT), a detailed study on the TICT state of

the  4-position  substituted  1,8-naphthalimides  had  lacked  from  the  literature.  The  aim  of  our

research on 4-piperidinyl-1,8-naphthalimide (NIPi) was the investigation of the electronic excited

state processes of NIPi and to give a suggestion for the mechanism.

2.2.2 1,8-naphthalimide-bipyridinium conjugates

The dimethyl-bipyirdinium cation (MV,  viologen) has two positive charges. It  is  a strong

electron acceptor and can accept two electrons.19 Numerous applications are based on its electron

accepting  ability.  (herbicide,  antiviral  agent,  coupling  part  of  dye-sensitized  solar  cells)20 The

viologen derivatives can form ion pair charge transfer (IPCT) complexes with anions. The IPCT

complexes  have  several  interesting  photophysical  properties.  Like  CT complexes formed from

neutral  compounds,  they  have  a  CT band  in  their  absorption  spectra  which  arises  when  the

complex is formed. Exciting the CT band, one electron is completely transferred from the anion to

the bipiridynium moiety in the IPCT complexes thus forming a biradical structure, IPCT*.21 Since

the  excited  state  is  less  polar  than  the  ground  state,  the  IPCT  complexes  show  negative

solvatochromism. It was observed that the biradical complexes can be formed in organic solvents

without photoexcitation, directly by the addition of a few anions (F-, AcO-, BzO-).22 To best of our

knowledge,  the  latter  process  is  slightly  explored  and  just  marginally  mentioned  in  a  few

publications.

19 C. L. Bird et al., Chemical Society Reviews, 1981, 10, 49
20 a: D. E. Moreland, Annual Review of Plant Physiology, 1980, 31, 597; b: S. Asaftei et al., Journal of 

Medicinal Chemistry, 2010, 53, 3480; c: Y. Cao et al., Nature Communication, 2017, 8, 15390
21 P. M.S. Monk et al., Dyes and Pigments, 1999, 43, 241
22 a: R. Kannappan et al., New Journal of Chemistry, 2010, 34, 1373; b: Y.-H. Kim et al., Journal of 

Inclusion Phenomena Macrocyclic Chemistry, 2012, 74, 317
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The strong electron acceptor  ability  of  the viologen is  observable  in  1,8-naphthalimide-

bipyridinium conjugates (NIMV, NIPiMV). Exciting the naphthalimide moiety of the conjugates, the

fluorescence is  strongly  decreased due to photoinduced electron transfer  (PET).23 One of  the

driving forces of the PET is the photogenerated stronger electric field which originates from the CT

character of the excited state of the 1,8-naphthalimides. One electron is completely transferred

from the naphthalimide to the bipyridinium moiety forming a biradical species.

Our aim was to examine the electron transfer process induced by the complexation of MV

with the anions F-, AcO-, BzO-. Although the process is mentioned, to our knowledge there is no a

detailed  study  in  the  literature.  Furthermore,  we  investigated  the  complexation  of  two

naphthalimide conjugates of MV,  NIMV and NIPiMV with the above anions. Our aim was to take

the first steps on the road of the development of a novel type sensor family for anions which is

indicating the presence of anions with turn-on fluorescence signal by the combination of the IPCT

complex formation and the PET mechanism.

2.3 Complexation of a stilbazolium dye with carboxylato-pillar[5]arene

4-N,N-dimethyl-4'-N'-methyl-stilbazolium  iodide  (p-DASPMI,  Figure  4)  is  widely  applied

fluorescent probe which is in free ionic form in polar media (not as an ion-pair). The compound

shows a strong solvatochromic property as an electron push-pull system with an electron donating

dimethylamino  group  and  the  electron  withdrawing  pyridinium  moiety.24 In  a  low-viscosity

environment,  the  dye  is  only  weakly  fluorescent  since  the  excited  state  structural  relaxation

processes (the turning around the double and single bonds which results in weakly fluorescent

TICT states) are not hindered by the media.25 One can observe an enhanced fluorescence due to

the  blocking  of  the  mentioned  relaxation  processes  (e.g.  by  the  formation  of  inclusion

complexes).26

Our aim was to study the complexation of  p-DASPMI with the carboxylato-pillar[5]arene

macrocycle (WPA5, Figure 4). The formed inclusion complex was applied then as a fluorescent

indicator displacement type sensor.

23 a: T. P. Le et al., The Journal of Physical Chemistry A, 2000, 104, 6778; b: J. E. Rogers et al., 
Photochemistry and Photobiology, 2001, 73, 223

24 S. T. Abdel-Halim et al., Journal of Molecular Structure, 2009, 920, 332–341
25 B. Strehmel et al., The Journal of Physical Chemistry B, 1997, 101, 2232-2243
26 a: J. W. Park et al., Journal of Photochemistry and Photobiology A: Chemistry, 2005, 173, 271–278; b: Z. 

Li et al., Dyes and Pigments, 2012, 93, 1401-1407; c: S. Sun et al., New Journal of Chemistry, 2014, 38, 
3600-3605
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Figure 4. - Chemical structures of WPA5 and p-DASPMI 

3. Methods

The investigated compounds were synthesized at the Department of Organic Chemistry

and  Technology  of  BUTE.  We  applied  steady-state  and  time-resolved  optical  spectroscopic

methods as  experimental  work.  The steady-state  absorption  and emission measurements,  the

photochemical reactions and laser flash photolysis experiments were performed at the Department

of  Physical  Chemistry  and  Materials  Science  of  BUTE.  The  time-resolved  fluorescence  was

measured on time-correlated single photon counting (TCSPC) setups at the Research Centre for

Natural Sciences of the Hungarian Academy of Sciences and at the Molecular Photonics Group of

the University of Amsterdam. The products of the photochemical and IPCT complexation reactions

were identified by HRMS, HPLC-UV/Vis-MS and NMR spectroscopic methods.

The results of the TCSPC measurements were analyzed by kinetic models. The systems of

differential equations originating from the kinetic models were solved either (if that was possible)

analytically or numerically and the parameters of the solutions were fitted to experimental data.

This way, we could determine the kinetic parameters related to the reaction steps.

The experimental work was supported by theoretical calculations at the density functional

theory  (DFT),  time  dependent-DFT  (TD-DFT)  and  complete  active  space-self  consistent  field

(CAS-SCF)  levels  of  theory.  In  some cases,  the  calculated  wave  functions  were  analyzed  to

provide information on electronic structure of the given species.

4. Results

4.1  The  photooxygenation  and  photorearrangement  reactions  of  3-
hydroxyflavones

On the  basis  of  the  experimental  investigation,  we  found  that  in  acetonitrile,  DEA3HF

decomposes only through the photooxygenation reaction. The main photoproduct was identified as
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the appropriate SA derivative by HR-MS and 1H-NMR spectroscopic experiments. We measured

the  quantum-yield  of  the  photooxygenation  reaction  of  DEA3HF=1.5·10-4.  If  we  compare  this

quantum-yield to the quantum-yield of the parent compound  3HF≈1·10-3 (Ref.  27) then we can

observe an improved photostability of the 4'-diethylamino derivative.

Figure 5. - The direct photooxygenation reaction of (a) 3HF and (b) DEA3HF

The results of the theoretical calculations on the photooxygenation pathways of  DEA3HF

and 3HF can be seen in Figure 5. We found that the two compounds degrade through a similar

mechanism. The formation of the NP intermediate is a bimolecular process. In the case of 3HF, the

activation barrier of this step is 38 kJ/mol, while in the case of DEA3HF, it was calculated to be 70

kJ/mol. So, the higher activation barrier of DEA3HF is in accordance with its better photostability.

The formation of the previously hypothesized XP intermediate in the oxidation of 3HF9 is unlikely

since we could calculate the addition of the oxygen to the flavone frame for a one-step process

passing through the transition state, TS1. We found that XP can form from NP only by transition

state, TS2b with a higher activation barrier.

The calculations on the photosensitized oxygenation lead us to the interesting result that

the oxygen addition to the flavone frame of the N form and the proton transfer are synchronized

steps leading to the NP intermediate. The further steps of the mechanism are identical to what was

observed in the mechanism of direct photooxygenation.

27 M. L. Martinez et al., Journal of the American Chemical Society, 1990, 112, 2427
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Figure 6. - (a) The photorearrangement reaction of  3HF, (b) the excitation energies on the singlet (S) and
triplet (T) surfaces

The results of the calculations on the photorearrangement reaction of 3HF can be seen in

Figure 6.  We found that high energy triplet states are important in the first step of the reaction,

which can occur in two ways. Either the first step occurs on the T9 or T10 surface before the internal

conversion, or the other case can be that IM1 forms through the high energy vibronic states of the

T1 surface.  The other important  result  is  that  the formation of  the previously hypothesized EP

intermediate is not necessary in the photorearrangement reaction, the proton transfer can occur

from the IM1 intermediate directly.

4.2 The TICT state in 4-piperidinyl-1,8-naphthalimides

We studied the effect of the solvent viscosity and polarity on the excited state processes of

NIPi. On the basis of the steady-state and time-resolved experiments, we found that the radiative

excited state of NIPi has a charge transfer (CT) character. It was confirmed that one of the main

quenching processes of the fluorescence of the compound is related to the formation of a TICT

state in which the piperidine ring is turned away and the compound has a stronger charge transfer

character than the former CT state. The existence of the two interconverting species and the dark

(non-fluorescent) nature of the TICT state were supported by the biexponential fluorescence decay

kinetics measured in mediums having different polarity and viscosity (Figure 7/a). The measured

monoexponential decay kinetics in frozen solvent glass at 77 K is in accordance with the formation

of TICT state (in solution). The reason of the monoexponential decay is the hindered rotation of the

piperidine group in the solid state frozen solvent glass.
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Figure 7. - (a) The measured fluorescence decay curves in ethylene glycol at different temperatures, (b) the
kinetic scheme of the two-state system and (c) the Arrhenius-plot of the determined rate constants of the
CT→TICT conversion

Kinetic analysis was performed on the fluorescence decay curves applying the two-state

system  kinetic  scheme  (Figure  7/b).  The  results  measured  in  ethylene  glycol  at  different

temperatures are showing a non-linear shape of the Arrhenius-plot (Figure 7/c). We modified the

Arrhenius equation with a viscosity dependent part that describes the temperature dependence of

viscosity. Applying this equation, the activation barrier of CT→TICT conversion was calculated to

be 6.64 kJ/mol (Figure 7/c).

The experimental results were supported by quantum chemical calculations on the S0 and

S1 energy surfaces. The formation of the TICT state and its dark nature was verified by theoretical

calculations. Moreover, we have a suggestion about the direction of the turning motion on the basis

of the theoretical work.
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4.3 Electron transfer processes in viologen derivatives

The  intramolecular  PET  mechanism  was  verified  in  1,8-naphthalimide-bipyridinium

conjugates (NIMV, NIPiMV) by time-resolved fluorescence and laser flash photolysis experiments.

Exciting  the  naphthalimide  moiety,  one  electron  is  completely  transferred  from  the  1,8-

naphthalimide to the bipyridinium. The three-state system kinetic scheme can be seen in Figure 8

which was used for the estimation of the rate of the PET (k2, Figure 8). With knowledge of the

fluorescence time constants of the appropriate parent compounds (NI,  NIPi), we could give an

estimation for k2 of ~130 ns-1 for NIMV and ~20 ns-1 for NIPiMV. We conclude from the transient

absorption experiments that the electron transfer occurs not just from the singlet excited state of

the 1,8-naphthalimide but from the triplet state as well.

Figure 8. - The kinetic scheme of the three-state system, ES1 and ES2 denote the excitation localized on the
1,8-naphthalimide and BR denotes the formed biradical species due to PET

We investigated the ion pair complex formation of MV, NIMV, and NIPiMV with the anions,

F-, AcO-, BzO-. It was found that small amount of water in the acetonitrile (<0.1 V/V %) strongly

decelerates the formation of  IPCT* (k1,  Figure 9)  Thus the kinetics of  the IPCT formation was

investigated in anhydrous, deoxygenated solution (the latter to avoid the radical quenching effect of

dissolved oxygen). On the basis of the kinetic study, HR-MS and HPLC-MS experiments, we found

that  the  complexation  induced  electron  transfer  leads  to  the  decomposition  of  the  viologen

derivatives by a dealkylation reaction. The irreversible triangle reaction was modified by an output

channel (Figure 9/a).
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Figure 9. - (a) The hypothesized reaction mechanism, (b) the Arrhenius-plot of the rate constants of the
complexation induced electron transfer process (k1) in the case of BzO- ion

The rates of the complexation induced electron transfer (k1, Figure 9) were measured at

different temperatures from which the activation barriers were calculated. The activation barriers

show correlation with the first reduction potentials of the viologen derivatives.

As a result of the complexation of the conjugates with F-, AcO- and BzO-, the PET process

is turned off which produces an increased fluorescence signal. This could form the basis of the

development  of  novel  type  fluorescent  sensors  which  form complexes  with  anions  due  to  an

(intermolecular) electron transfer and their signaling can be switched by PET.

4.4 The complexation of p-DASPMI with WPA5 macrocycle

The complexation of p-DASPMI with WPA5 was studied by optical spectroscopic methods

and 1H-NMR spectroscopy. The formation of an inclusion complex was verified. In the complex, the

dye  shows a bathochromic shift in its absorption spectrum because of the apolar nature of the

cavity  of  the  macrocycle  (Figure  10).  The  excited  state  structural  relaxation  processes  of

p-DASPMI (turning  around  the  bonds)  are  hindered  in  the  cavity  thus  the  fluorescent  signal

increased (Figure 10).  Moreover,  the fluorescence lifetime of  the dye is longer in the complex

compared to the free form that further suggests the hindrance of TICT processes. An equilibrium

constant of  Ks=1.3 x 106 M-1 was obtained for the complexation (Ks) from the absorption spectra

using a global fitting procedure.
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Figure 10. - The absorption (left) and fluorescence (right) spectra of p-DASPMI with the addition of WPA5,
the arrows shows the increasing concentration of WPA5, ([p-DASPMI]0=5 M, [WPA5]0=0 – 7,5 M, ex=506
nm)

5. Thesis statements

1. I  verified with experimental  work that  from the two typical photodegradation pathways of  3-

hydroxyflavones – oxidation and rearrangement -  in acetonitrile, the  DEA3HF fluorescent probe

decomposes only via the photooxygenation pathway. On the basis of my theoretical calculations on

the photooxygenation reactions of  3HF and DEA3HF, the higher activation barrier of the oxygen

addition to DEA3HF is in accordance with the measured improved photostability.[S1, S2]

2. On the basis of my quantum chemical calculations, I found that from the previously suggested

two  intermediates,  the  photooxygenation  reaction  of  3-hydroxyflavones  passes  through  the

endoperoxide intermediate, and not the exoperoxide. [S2]

3. On the basis of my quantum chemical calculations, I found that the photorearrangement reaction

of 3-hydroxyflavones can directly take place forming the appropriate 3-hydroxy-3-phenyl-indan-1,2-

dione.  The previously hypothesized epoxy intermediate is not necessary. [S2]

4.  I  verified  with  the  combination  of  experimental  and  theoretical  work  that  the  excited  state

deactivation  of  NIPi can  occur  through  a  TICT state.  I  determined  the  rate  of  the  CT→TICT

conversion at different temperatures and the experimental results were analyzed using a modified

Arrhenius equation which was supplemented with a viscosity dependent part. [S3]

5. I verified with experimental work that the intramolecular PET deactivation channel exists in the

excited state of  NIMV and  NIPiMV conjugates and I could give an estimation of the rate of this

process.

14



6. I found with experimental work that the complexation induced electron transfer of bipyridinium

derivatives (MV,  NIMV,  NIPiMV) with the anions, F-, AcO-, BzO- leads to a dealkylation reaction.

The  activation  barrier  of  the  intermolecular  electron  transfer  was  determined,  which  shows

correlation with the first reduction potential of the bipyridinium derivatives.

7. I verified with experimental work that  p-DASPMI forms an inclusion complex with the WPA5

macrocycle and in  which,  the excited state structural  relaxation processes (turning around the

bonds) are suppressed which resulting in a dramatically enhanced fluorescence.[S4]

6. Possible applications

The  3-hydroxyflavones  are  versatile  fluorescent  probes  because  their  fluorescence

emission spectrum contains two bands due to the ESIPT. Our results on the photodegradation

pathways  may  help  the  design  and  development  of  novel  3-hydroxyflavone  derivatives  with

improved photostability.

Our study on the excited state reactions of NIPi and on the formation of its TICT state can

help the development of novel polarity and viscosity probes. In its reversible excited state reaction

(CTTICT), there are two species with highly diverse dipole moments and while the CT state is

strongly fluorescent, the TICT state is dark (non-fluorescent). It makes the compound applicable for

the characterization of the local environment. The turning of the piperidine group – the formation of

TICT state – is sensitive to the viscosity of the medium, thus one can conclude from the fluorescent

intensity to the viscosity of the local environment. It is worth noting that fundamental research on

excited  state  processes  is  also  important,  as  only  after  deep  understanding  is  it  possible  to

correctly apply this knowledge. Moreover, the Arrhenius equation modified by us can be useful in

the comparison of TICT states due to the introduced b parameter.

The complexation induced electron transfer reaction of some bipyridinium derivatives (MV,

NIMV and NIPiMV) was investigated. So far in the literature, this process is mentioned only and

the authors did not take into account the dealkylation reaction, however, it is obviously following on

from  their  results  (irreversible  reactions  without  output  channel  tend  to  a  constant  value).

Furthermore, we showed that the fluorescence quenching process (PET) of NIMV and NIPiMV can

be switched off due to the complexation of anions (F-,  AcO-,  BzO-) - irreversible process in all

conjugates.  Our study can help the development of  a novel type fluorescent  sensor family for

anions.

The [p-DASPMI-WPA5]  complex can work as a fluorescent  indicator  displacement type

probe. We found it a sensitive MV sensor in water. With the addition of MV, p-DASPMI displaces

from the cavity of WPA5 which results in the reduction of the fluorescent intensity. 
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