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Hucepramiitna po0OoTa THpHUCBAYEHA BHBYCHHIO  (DOTOEJEKTPOHHHUX
BJIACTHBOCTEl HAHOKJIACTEPHOro OiomosiMepy MeJiaHiHYy NPHUPOAHOIO i
CHHTETHYHOI0 IOXOKEHHSI Ta KOMIIO3UTIB Ha IX OCHOBI 3a JOIOMOIOIO
METO/IIB ONTUYHOI CHEKTPOCKOMIi, NpH 30yP)KEeHHI KBAaHTaMH CBITJIa BUIUMOI'O Ta

UV-niamna3oHis.

AHami3 0coOJMBOCTEH MOJEKYJISPHOI CTPYTypH PO3YHMHIB MENaHIHy 1
KOMIIO3UTIB Ha MOro OCHOBI, TMOKa3aJd W0 I MeEJaHiHy XapakTepHa
HAHOKJIACTEPHA MOJIeTb, B SIKIM pPEai3yeThCS KOJIEKTUBHA MOJENb 30yIKCHHS
yepe3 excutonu ODpenkens (EF) ta CT excuronun (CTE), mo xopemtoe 3
MOMNEPEIHIMA JOCIIDKEHHAMU.  Pe3ynbTat LHMX AOCHIIKEHb MOXYThb OYyTH
BUKOPDHCTaHI B MOJEKYJAPHINA €NEeKTPOHIIll, 30KpeMa [uisi CeHcuOum3arii

¢dotomominicuenTHUX (PL) cencopis.

Bbyno noka3zaHo, 1mo crnekTpu 1 JuHamika 3atyxaHHs PL nocmikyBaHux
CUHTETUYHUX Ta MPUPOJHUX MENaHIHIB MpU KIMHATHIM TemmepaTypi moaiOHi B
Oarathox acmekTax. JlJis HaHOKIACTEPIB MENAaHIHY CIOCTEPIra€ThCs CHIIbHA
3aJIEKHICTh JIOBKMHU XBHWJII BHUIIPOMIHIOBaHHS BiJ JOBXHHHU XBUJI 30YJKEHHS.
YuM oBIIA JOBKHHA XBUJIl 30y5KYIOUOTO CBITJIA, TUM OUIBILIOKO € JOBKHUHA XBUJI1

111 MakcumyMy cmyru PL.

HocnimxeHo TemneparypHy 3anexHicTe PL Menaniny. [lokazaHo, mo B
pO3UYMHAX MENaHIHYy MOKJIMBI SIK MEpPEeJJIMMEpHI, TaK 1 AUMEPHI CTPYKTYpH,

XapaKTepHI ISl CTEKOBOI yMakoBku Xpomodopis. I[lepemaumepni Ta AuMepHi



CTPYKTYPH MOXYTh CTBOPIOBAaTH MOHOMEpPHE, €KCHUMEpHE (EKCHUILJIEKCHE) Ta
JTUMEpHE BUIIpOMiHIOBaHHS y criekTpax PL. [eski cmyru cniektpiB PL menaniny, B
3QJIEKHOCTI BiJl TEMIEpPATypH, MOBOASITHCA K €KCUMEpPHE BUIIPOMIHIOBAHHS. 31
3HIDKCHHSIM ~TEMIIepaTypyd BHACHIIOK CTPYKTYPHUX TPYIHOIIIB 30JMKCHHS
MOJIEKYJl MO YTBOPIOIOTH €KCHMep, 3HHKae ekcuMmepHa PL, moB’s3ana 3
nepeaauMepauMu cranamu (cmyru PL nmpu 600 1 680 HM), a 3 AMMEpHHUX -
3QIMIIAETBCS 1 Mae JyKe KOPOTKuM dac KUTTI. Takoxk, y cmekrpax PL
MOJICKYJIIDHUX PO3YMHIB MeEJaHIHy MOXKHAa BHWJIUIUTH CMyTy 525 HM, ska
CIIOCTEpITAEThCS MPU  KIMHATHIM  TeMrepaTypi 1 3HUKAE TIpU  HUBBKUX
temriepatypax (4,2 K). Lle mosicHioeTbcsl HAaBHICTIO MOTEHIIAIBHOTO Oap'epy Ta

CHJIBHOIO JIOKaJI13alli€r0 30y/17)KEHOTO CTaHy Ha IBOX MOJEKYJISPHUX JUCKAX.

byno nmocnimxeHo cramionapHi Ta posauvieHi B yaci (TRES) cnexktpu PL
OPUPOJAHOTO Ta CHUHTETUYHOTO MEJIaHIHY, a TaKOXX KOMIIO3HMTIB MENaHIHy 3
oBepXHEBO-aKTHUBHOIO peuoBHHOW (ITAP) SDBS Ta momimeTrnHOBUM OapBHUKOM
actpaduokcuaoM. [lokazano, 1m0  KiHeTW4yHI KpuBi 3atryxanHs PL mobpe
OMKCYIOThCS  JIBOGKCTIIOHEHINIATIbHOIO ~ (yHKIEr0 3 vacamMu kUTTS PL vy
MIKOCEKYH/IHOMY Ta HAaHOCEKYHJHOMY [lana3oHax. TakuM 4YWHOM, JIMHaMiKa
KpuBHX 3aryxaHHs PL Mae JBOKOMIOHEHTHY CTPYKTYpy 3 IIBHAKAMHU Ta

ITOBUJIbHUMHM KOMIIOHEHTAMH.

B pesynbrari mpoBeleHUX CIEKTPAIbHUX Ta KIHETUYHUX AOCHikeHb PL
MPUPOTHOTO Ta CHHTETHYHOTO MEJNaHiIHY, a TaKOX KOMIIO3UTIB MenaHiHy 3 [IAP
SDBS Ta actpadiokcruHOM 3po0JE€HO BHUCHOBOK, PO MOXKJIMBICTH YTBOPEHHS
MiKMoJieKyJispHUX CT KOMIUIEKCIB (3 MEPEHECEHHSIM 3apsijly), HaHOarperamiio Ta
(hopMyBaHHSI CTaHIB 3 MEPEHECEHHSIM 3apsiAy, AOCIIKEHO YaCH KUTTS €KCUTOHIB,
EHEPreTUYHy CTPYKTYpPY MeNaHIHy. 30KpemMa, BCTAHOBJIECHO, IO MPU B3a€EMOJII 3
nepeIMMEpHUMUA CTaHAMU MEJAHIHY 13 HaBEeJICHMMM BHILE KOMIIOHEHTaMHU
yTBOpIOt0ThC MixkMoieKyssipHi CT komrmuiekcu. B pesynbrari Takoi B3aemoii

CHOCTCpiFaCTLCH 3aTyXaHHJd CKCHUMCPHOI'O BI/IHpOMiHI-OBaHHH Ta 30UIBIICHHS



IHTEHCUBHOCTI BUIPOMIHIOBaHHS BUTbHUX €KCUTOHIB Y HaHOKJIACTEpaxX MEJIaHIHY.
ToOTo, mokazano, 110 MeNaHiH HaJIeXKUTh 10 kiacy CT kpucranis.

Ha ocHOBI mnpeacTaBieHUX €KCIEPUMEHTAJbHUX JaHUX IIOJ0 CHEKTPIB
nornuHaHHsA Ta TRES po3unHiB MenaHiHy npu pi3Hux Temneparypax (296 ta 4.2
K), Oyno 3amponoHOBaHO MOJENb EHEPreTUYHOI CTPYKTYPH OCHOBHOIO Ta
30y’KEHOT0 CTaHIB, BIAMOBIIAJbHUX 32 ONTHYHI BJIACTUBOCTI MEJIAHIHY.

Enepretnyna miarpama mokasye, 1mo B cnekrpax PL menaniny mig uac
ONTUYHOTO 30Yy/PKEHHS MOXHa BUIUIMTH BunpoMiHioBaHHS EF (390-500 uwm)
OJTHOBUMIPHUX TOJIMEPHUX XpoMO(MOpiB MeNaHiHy 3 pI3HUM CTYIEHEM
CHpPSDKEHHSI, sIKi yTBOPIOIOTH MoJekyisipauii auck ta CTE, nenokanizoBaHux
BCEpEANHI ABOX a00 OlIbIlIe MOJIEKYJISIPHUX JUCKIB.

Bracninok BunukHeHHS 4acy 3aTpuMku 50—180 1mc B KIHETUYHUX KPHUBHUX
nokasaso, 1o sk EF, tak 1 CTE moxyTbh 6e30ap'epHO aBTOJIOKAI3yBaTHUCS.

Ha ocHOBI eKkcnepUMEHTalIbHHX JAHUX IIOAO CHEKTPIB TMOTJIMHAHHS Ta
(bayopecleHTHOI CHEeKTPOCKOMii 3 MIKOCEKYHJHOI YacOBOI  PO3IUTHHOIO
3IaTHICTIO BOJAHUX PO3YMHIB MEJaHIHY Ta KOMIIO3UTIB MEJaHiHy 3 aKIENTOpOM
enektpoHiB TNF, 3p06yieHO BUCHOBOK PO YTBOPEHHS CTIMKUX MIXKMOJIEKYJISIPHUX
CT xoMIUIEKCIB B OCHOBHOMY Ta 30y/P)KEHOMY CTaHax, JOCHIKEHO iX
(hOoTOENEKTPOHH1 BIIACTUBOCTI.

Amnaniz TRES cnekrpiB PL menaniny 3 TNF nmokazano, mo B cnektpax PL
MO>XHAa BHMJIUTUTH WIBHJKY 1 MOBUIbHY KOMIIOHEHTH BHUIIPOMiHIOBaHHS. MHTTEBI
CHEKTPH LIBUJKOI KOMIOHEHTH CKJIAJAIOThCA 3 3-X CMYT, SIKI MalOTh OJIM3bKI Yacu
x*uTTs PL, ane pizHy npupoay 30yKeHHsI, BCTAHOBJICHO EHEPTeTUYHY CTPYKTYPY 1
€KCUTOHHI IIPOIIECH, BIIMOBIIaJIbHI 3a Hed.

[IpoBeneno pocmimpkendss PL  BracTMBOCTE KOMIO3UTYy MeENaHIHY 3
aknentopoM enektpoHiB PCBM. Ilokazana MoxiauBicTh ceHcuOumizamii PL
Mouiekysl1 PCBM MenaHiHOM 3a paxyHOK (pi3W4YHOI Ta XIMIYHOI aOCOpOIIli MOJIEKYI
PCBM Ha ix noBepxHi 3 yrBopeHHsIM CT KOMIUIEKCIB MK MOJIEKYJIaMU MEJIaHIHY
ta PCBM, BUHHMKHEHHS JIOHOPHO-aKIENITOPHOI B3a€MO/I1i, BCTAHOBJIEHO MPUPOIY

[UX TIEPEXO/IIB.



Knrwouoei cnosa: npupoaHUN MeNaHIH, CHUHTETUYHUNW MEJaHiH, BOJIHI
PO3YMHU, MOJICKYJISIPHI AMCKHU, HaHoarperaiisi, (OTOJTIOMIHECIEHIIIS, KIHETHKA
3aTyxaHHs, po3jauieHa B 4aci QoromomiHicenmis, ekcutonn Openkens, CT
€KCUTOHM, aBTOJIOKaJi30BaHI €KCHUTOHHU, MEpeITUMEpPHI CTaHH, HAaHOKJIACTEpHa

Mo1elb, MIKMOJIEKYJIsIpHI CT KOMILIEKCH.

SUMMARY

Kostetskyi A.O. Photoelectronic properties of melanin nanocluster
biopolymer and composites based on it - Manuscript.

Thesis for 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 thesis is devoted to the investigation of photoelectronic properties of
structured biopolymer of melanin of natural and synthetic origin and composites
based on them using optical spectroscopy methods, under excitation by light in
visible and UV ranges.

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

It was shown that the spectra and dynamics of PL decay of the studied
synthetic and natural melanins at room temperature are similar in many respects.
For melanin nanoclusters, there is a strong dependence of the radiation wavelength
on the excitation wavelength. The longer the wavelength of the exciting light, the

greater the wavelength for the maximum of the PL band.



The temperature dependence of PL melanin was studied. It is shown that
both pre-dimeric and dimeric structures characteristic of stack packing of
chromophores are possible in melanin solutions. Pre-dimeric and dimeric
structures can generate monomeric, excimeric (exciplexic) and dimeric radiation in
the PL spectra. Some bands of the PL spectra of melanin behave like excimer
radiation depending on the 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 dimeric ones it remains and has a very short lifetime. Also, in the PL
spectra of molecular solutions of melanin, 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 the presence of a potential barrier and the strong localization of the
excited state on two molecular disks.

Steady-state and time-resolved emission spectra (TRES) of natural and
synthetic melanin, as well as melanin composites with surfactant SDBS and
polymethine dye astrafloxin were investigated. It is shown that the kinetic of PL
decay curves are well described by a two-exponential function with PL lifetimes in
the picosecond and nanosecond ranges. Thus, the dynamics of the PL decay curves
has a two-component structure with fast and slow components.

As a result of spectral and kinetic studies of PL of natural and synthetic
melanin, as well as melanin composites with surfactants SDBS and astrafloxin, it
was concluded that the possibility of formation of intermolecular complexes with
charge transfer (CT), nanoaggregation and formation of CT states, researched
exciton lifetimes, energy structure of melanin. In particular, it was found that
interacting with the pre-dimeric states of melanin with the above components,
intermolecular CT complexes are formed. As a result of this interaction, the decay
of excimer radiation and the increasing in the radiation intensity of free excitons in
melanin nanoclusters are observed. That it is shown that melanin belongs to the

class of CT crystals.



Based on the presented experimental data on the absorption and TRES
spectra 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 during optical
excitation we can distinguish radiation of EF (390-500 nm) for one-dimensional
polymer chromophores of melanin with different degrees of conjugation, which
form a molecular disk and CTE delocalized within two or more molecular disks.

Due to the delay time of 50—180 ps in the kinetic curves, it is shown that
both EF and CTE can be barrier-free autolocalized.

Based on experimental data on absorption spectra and fluorescence
spectroscopy with picosecond time resolution for aqueous solutions of melanin and
melanin composites with electron acceptor TNF, the formation of a stable
intermolecular complexes with CT in the ground and excited states have been
concluded, its photoelectronic properties are investigated.

The study of TRES spectra of melanin with TNF showed that in the PL
spectra can be distinguished fast and slow components of emission. The
instantaneous spectra of the fast component consist of 3 bands, which have similar
PL lifetimes, but different nature of excitation, the energy structure and exciton
processes responsible for it are established.

The PL properties of melanin composite with PCBM electron acceptor were
studied. It is shown the possibility of sensitization of PL molecules of PCBM by
melanin due to physical and chemical absorption of PCBM molecules on their
surface with the formation of CT complexes between melanin and PCBM
molecules, the emergence of donor-acceptor interaction, the nature of these
transitions is established.

Keywords: natural melanin, synthetic melanin, aqueous solutions, molecular
disks, nanoaggregation, photoluminescence, kinetic decay, time-resolved
photoluminescence, Frenkel excitons, CT excitons, autolocalized excitons, pre-

dimeric states, nanocluster model, intermolecular complexes with charge transfer.
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