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Pedepar:

1. Incepraniiina po60Ta IpUCBIYeHA BUBYEHHIO (DOTOEJIEKTPOHHUX BJIACTUBOCTEY HAHOKJIACTEPHOTO 6ionotiMepy
MeJIaHiHy IPUPOJIHOTO i CHHTETUYHOTO [OXOKEHHS Ta KOMIIO3UTIB HA iX OCHOBI 32 JOIIOMOTOI0 METO/IiB ONTUYHOI
CIIEKTPOCKOIIii, TpY 30y/I’)K€HHi KBAaHTaMHU CBiTJIa BUAMMOro Ta UV-Jiana3oHiB. AHai3 0COOJIMBOCTEN MOJIEKYJISIPHOI
CTPYTYpPU PO34YVMHIB M€JIaHIHY i KOMIIO3UTIB Ha IOr0 OCHOBI, IIOKA3aJIy L0 AJIS1 MEJIAHIHY XapaKTepHa
HaHOKJIAaCTEpHA MOJEJIb, B SIKill peasi3yeTbCsl KOoJIeKTUBHA MOeJb 30yIpKeHHs yepes ekcuToHu Ppenkers (EF) Ta
CT exkcuronu (CTE), mo Kopestoe 3 nonepeiHiMu LOCiI>KeHHsIMU. Pe3ysibTaTh LUX JOCTiI’)KEHb MOXYTb OyTU
BMKOPHCTaHi B MOJIEKYJISIPHIN €JIEKTPOHILli, 30KpeMa AJ1s1 ceHcubinizauii ¢poromominicuenTHUX (PL) cencopis. byso
IT0OKa3aHo, 1O CIEKTPU i AMHAMIKa 3aTyxaHHS PL nociigpKyBaHUX CUHTETUYHUX Ta IPUPOSHUX MEJIAHIHIB MTPU
KiMHATHIi1 TeMIiepaTypi oAiibHi B 6araTbox acnekrax. [ljiss HAaHOKJIacTePiB MeJIaHiHy CIIOCTepiraeTbCst CUIbHA
3QJIEXKHICTb JOBXWHY XBUJIi BUITPOMIHIOBaHHS Bifl JOBXXUHY XBUJIi 30yIpKeHHs. UMM JOBIIA NOBXMHA XBUJI
30yI>KYI0UOTO CBiTJIa, TUM Oi/IBIIOIO € LOBXUHA XBUJI 17151 MaKCUMyMy cmyru PL. JlocifkeHo TeMnepaTypHy

3asnexHicTb PL menaniny. [loka3aHo, 0 B pO3YMHAX MEJIaHIHYy MOJKJIMBI 4K [IepeIUMEpPHI, TaK i TUMepHi



CTPYKTYPH, XapaKTEPHi [JIs1 CTEKOBOI yIIaKOBKU XpOMOQopiB. [lepennumepHi Ta ITUMEPHI CTPYKTYPU MOXYTb
CTBOPIOBAT MOHOMEPHE, EKCHMEPHE (€KCUILJIEKCHE) Ta IMMEpPHE BUIIPOMIHIOBaHHS y criekTpax PL. Jlesiki cmyru
criexTpiB PL MeJiaHiHy, B 3aJIEXKHOCTI BiJl TEMIIEPATyPH, TOBOIATLCS SIK EKCUMEPHE BUIIPOMIiHIOBaHHS. 3i
3HIDKEHHSIM TEMIIEPATyPU BHACIIIOK CTPYKTYPHUX TPYLHOLIIB 30JIMXEHHS MOJIEKYJI IO YTBOPIOIOTh EKCUMED,
3HMKae ekcumepHa PL, nop’s3aHa 3 nepegauMmepHumu ctaHamu (cmyru PL ipu 600 1 680 HM), a 3 AMMEPHUX -
3aJIMIIAETHCH i Ma€ Ty>ke KOPOTKUH 4ac >KUATTS. TakoX, y criekTpax PL MOJIEKYJISIPHUX PO3YMHIB MEJIaHiHY MOXKHA
BUJIIUTY CMYTY 525 HM, sIKa CIIOCTepiraeThCs Npy KiMHATHIN Temreparypi i 3HUKae NpyU HU3bKUX TEMIIepaTypax
(4,2 K). Lle mosIcCHIOETbCS HASIBHICTIO MMOTEHLIaJIbHOTO 6ap'epy Ta CUJIbHOIO JIOKaJli3alieo 36yKeHOTO CTaHy Ha JBOX
MOJIEKYJISIPHUX AUCKax. byyo mocnimkeHo cranioHapHi Ta po3aineHi B yaci (TRES) cniektpu PL npuponHoro ta
CHHTETUYHOTO MeJIaHiHY, a TAKO>K KOMIIO3UTIB MeJIaHiHYy 3 IOBEPXHEBO-aKTUBHOIO peyoBuHoIo ([TAP) SDBS Ta
NOJIIMETMHOBUM 0apBHUKOM acTpadoKCcuHOM. [Toka3aHo, 10 KIHETMYHI KPUBI 3aTyxaHHs PL nobpe onncyioTbest
IBOEKCIIOHEHLiasIbHOO (QYHKIIE 3 yacaMu XUTTS PL y MKOCEKyHIHOMY Ta HAHOCEKYHIHOMY Aiana3oHax. Takum
YMHOM, JMHaMiKa KpMBHUX 3aTyXaHHs PL Mae IBOKOMIIOHEHTHY CTPYKTYPY 3 LIBUAKMMU Ta [TOBiIIbHUMUA
KOMIIOHEHTaMHu. B pe3ysibTaTi NpoBeleHUX CIIEKTPaJIbHUX Ta KIHETUYHUX JOCifKeHb PL npupoaHoro ta
CHHTETUYHOTO MeJIaHiHY, a TAaKOK KOMITO3UTiB MesaHiHy 3 [TAP SDBS Ta acTpadsioKCMHOM 3p06JIEHO BUCHOBOK, TIPO
MOXKJIMBICTb YTBOPEHHSI MixkMOJIeKyIIpHUX CT KOMILIEKCIB (3 mepeHeceHHsIM 3apsifly), HaHoarperario Ta
(hOpMyBaHHS CTaHIB 3 IEPEHECEHHAM 3apAy, LOCJiIKEHO YaCH JKUTTS €KCUTOHIB, EHEPT€TUYHY CTPYKTYPY
MeJIaHiHy. 30KpeMa, BCTAaHOBJIEHO, L0 TP B3aeMOJIii 3 NepeAAMMEPHMMY CTAaHAMU MEJIaHiHY i3 HaBeJ€HUMU BUIIE
KOMIIOHEHTaMU YTBOPIOIOTbCA MixKMOJIEKY IAPHI CT KomIiekcu. B pesysibTarti Takoi B3a€MOJIii CIIOCTepIiraeThCst
3aTyXaHHS €KCHMEPHOI'0 BUIIPOMIHIOBAaHHS Ta 30iJIbllI€HHS] iIHTEHCMBHOCTI BUIIPOMiHIOBaHHS BIIBHUX €KCUTOHIB y
HaHOKJIacTepax MeJsaHiHy. To6To, IOKa3aHo, 10 MeJIaHiH HanexxuTs 1o kuacy CT kpucranis. Ha ocHOBI
IIPEeCTaBJIEHUX €KCIIEPUMEHTAIbHUX JAaHUX 00 CIEKTPiB noranHaHHA Ta TRES po34unHiB MesaHiHy npu pizHUX
Temrepatypax (296 ta 4.2 K), 6ys10 3a1IpOIIOHOBAHO MOJeJIb €HEPreTUYHOi CTPYKTYPH OCHOBHOTO Ta 30y/I>KEHOT0
CTaHiB, BiATIOBiAa/IbHUX 3a ONITUYHI BJIACTUBOCTI MeJIaHiHy. EHepreTnyHa aiarpama rokasye, mo B criekrpax PL
MeJIaHiHy Mifl Yac ONTUYHOTO 30y IKeHHsI MOXKHa BUJinuTy BunpoMinioBanus EF (390-500 HM) ofHOBUMipHHUX
noJliMepHUX XPOMOGOPiB MeJIaHiHy 3 PiI3HUM CTYIIEHEM CIPSIKEHHS, SKi YyTBOPIOIOTb MOJIeKyJsipHUii guck ta CTE,
IleJI0KaJi30BaHMX BCepelyHi BOX abo Gisblie MOJIEKY/ISIPHUX AUCKIB. BHAC/IiOK BUHMKHEHHS Yacy 3aTPUMKU
50-180 nic B KiHETMYHUX KPUBMX I10Ka3aHo, mo sK EF, Tak i CTE MoxXyTb 6e36ap'epHo aBTosioKasidysarucs. Ha
OCHOBI €KCIIEPUMEHTAIbHUX JAHUX W00 CIEKTPIB MOIVIMHAHHS Ta (PJIyOPECLEHTHOI CIIEKTPOCKOIII] 3
MiKOCEKYHAHOIO YaCOBOIO PO3JiJILHOIO 3[ATHICTIO BOOHVX PO3UMHIB MEJIaHIHY Ta KOMIIO3UTIB MEJIaHiHY 3
akuenTopoM eneKTpoHiB TNF, 3p0o6J1eHO BUCHOBOK IIPO YTBOPEHHS CTiIHKUX MiXkMoseKyisspHUX CT KOMILIEeKCiB B
OCHOBHOMY Ta 30y[P)KEHOMY CTaHax, JOCJiIKEHO ix poToenekTpoHHi BiracTtuBocTi. AHasi3 TRES cniextpis PL
MenaHiny 3 TNF nokasano, o B criekTpax PL MOKHA BUAIMTY WIBUJKY i ITOBiJIbHY KOMIIOHEHTU BUITPOMIHIOBaHHS.
MuTTEBI CIEKTPY WBUIKOI KOMIIOHEHTH CKJIaIal0ThCsl 3 3-X CMYT, SIKi MalOTh 6JIM3bKi yacu XuTTs PL, ane pisHy
Ipupoay 30y KEHHs, BCTAHOBJIEHO €HEPTeTUYHY CTPYKTYPY i EKCUTOHHI ITpollecH, BifllIOBiAa/IbHI 32 Hel.
[IpoBeneno gocnimkeHHs PL B1acTUBOCTEN KOMIIO3UTY MEJIaHIHY 3 akLeNTOpoM eyieKTpoHiB PCBM. [1okasaHa
MOXJIMBICTB ceHcubinizaunii PL monexysn PCBM menaniHoM 3a paxyHOK (pi3ndHOi Ta xiMiyHOI abcopbuii MoseKy
PCBM Ha ix noBepxHi 3 yrBopeHHsIM CT KOMIIZIEKCiB MK MoJIeKys1amu MeJslaHiHy Ta PCBM, BUHMKHEHHS JOHOPHO-
aKUENTOPHOI B3a€MOJIii, BCTAHOBJIEHO [IPUPOLY LIUX IIE€PEXOIIB.

2. 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. 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. 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. 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.
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