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SUMMARY

Kostetskyi A.O. Photoelectronic properties of melanin nanocluster
biopolymer and composites based on #tManuscript.

Thesisfor the degree of Doctor of Philosophy, specialty 104 "Physics and
Astronomy'- Institute of Physics of the National Academy of Sciences of Ukraine.
Kyiv, 2021.

The thesisis devoted to thenvestigationof photoelectronic properties of
structured biopolymer of melanin of natural and synthetic origin and composites
based on them using optical spectroscopy methaader excitation bylight in
visible and UV ranges.

Researchof the molecular structure of melanin solutions and composites
based on it have shown that melain is characterized by a nanocluster model, whic
implements a collective model of excitation through Frenkel exci@Rsand CT
excitons CTE), whichcorrelates with previous studies. The results of these studies
can be used in molecular electronics, in particular to sensitize photoluminescent (PL
sensors.

It was shown thathe spectra and dynamics of Rlecayof the studied
synthetic and natural melens at room temperature are similar in many respEots
melanin nanoclusters, there is a strong dependence of the radiation wavelength c
the excitation wavelength. The longer the wavelength of the exciting light, the

greater the wavelength for the maxim of the PL band.



The temperature dependence of PL melanin was studied. It is shown that botl
pre-dimeric and dimeric structures characteristic of stack packing of chromophores
are possible in melanin solutions. flieneric and dimeric structures can geate
monomeric, excimericeikciplexig and dimeric radiation in the PL spect&ome
bands of the PL spectra of melanin behave like excimer radiation depending on thi
temperature. As the temperature decreases due to structural difficulties in the
convergence of the excimer molecules, the excimer PL associated with the
predimeric states (PL bands at 600 and 680 nm) disappears, and with the dimer
ones it remains and has a very short lifetime. Also, in the PL spectra of moleculal
solutions of melam, a band of 525 nm can be distinguished, which is observed at
room temperature and disappears at low temperatures (4.2 K). This is due to th
presence of a potential barrier and the strong localization of the excited state on tw
molecular disks.

Steadystate and timeresolved emissiorspectra TRES of natural and
synthetic melanin as well asmelanin compositesith surfactantSDBS and
polymethine dyeastrafloxin were investigated. It is shown that the kinefi®L
decaycurvesare well described by tvo-exponential function with PL lifetimes in
the picosecond and nanosecond ranges. Thus, the dynamics ofdkeayturves
has a twecomponent structure with fast and slow components.

As a result of spectral and kinetic studies of &fLnatural and syhietic
melanin as well as melanin composites with surfactants SDBS and astrafloxin, it
was concluded that the possibility of formation of intermolecular complexes with
charge transferQT), nanoaggregation and formation GfT states,researched
exciton lifetimes, energy structure of melanin. particular, it was found that
interacting with the prelimeric states of melanin with the above components,
intermolecular CT complexes are formed. As a result of this interactiodetay
of excimer radation and the increagiin the radiation intensity of free excitons in
melanin nanclusters are observed. Thtas shown that melanin belongs to the class
of CT crystals.



Based on the presented experimental data on the absorptibRESSpectra
for melanin solutions at different temperatures (296 and 4.2 K), a model of the
energy structure of the ground and excited states responsible for the optical
properties of melanin was proposed.

The energy diagram shows that in the PL spectra of melanin dystialo
excitation we can distinguish radiation BF (390-500 nm)for onedimensional
polymer chromophores of melanin with different degrees of conjugation, which
form a molecular disk and &ldelocalizedwithin two or more molecular disk

Due to thadelay time of 50180 ps in the kinetic curves, it is shown that both
EF and CE can bebarrierfreeautolocalize.

Based on experimental data on absorption spectra and fluorescence
spectroscopy with picosecond time resolution for aqueous solutions ofimahah
melanin composites witlelectron acceptofTNF, the formation of a stable
intermolecular complexes witT in the ground and excited stathave been
concluded, its photoelectna properties are investigated.

The study off RESspectra ofelanin with TNF showed that in the PL spectra
can be distinguished fast and slow componentgmission The instantaneous
spectra of the fast component consist of 3 banwtig;h have similar PL lifetimes,
but different nature of excitation, the energyusture and exciton processes
responsible for it are established.

The PL properties of melanin composite with PCBM electron acceptor were
studied.It is shownthe possibility of sensitization of PL molecules of PCBM by
melanin due to physical and chemi@dsorption of PCBM molecules on their
surface with the formation of CT complexes between melanin and PCBM molecules.
the emergence oflonoracceptor interactignthe nature of these transitions is
established.

Keywords:natural melanin, synthetimelanin, aqueous solutions, molecular
disks, nanoaggregation, photoluminescence, kinaliecay time resolved
photoluminescence, Frkel excitons,CT excitons, autolocalized excitonpre

dimeric statesnanocluster modgihtermolecular complexes with afgge transfer
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