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Pedepar:

1. 3HauHy yBary AOCJiJHUKIB 3 YCbOTO CBIiTy IPMBEPTAIOTH L[iaHIHOBI 6APBHUKU Y€Pe3 CBOi JOCUTDb YHiKaJIbHI ONITUYHI
BJIACTUBOCTI, TaKi SIK [y>Ke BYy3bKi CIIEKTPAJIbHI CMYI'M IIOTJIMHAHHS Ta JIIOMIHECL,EHIIil, JOCUTb BUCOKi 3HAYEHHS
KoedilieHTiB eKCTUHKIi Ta KBAHTOBOTO BUXO/Y, 1I0 B CBOIO Yepry 3HAYHO 3aJIeXKaTh Bifl OTOYYyIOUOro CEpelOBUILa, a
TaKOX IX 3IaTHICTb [0 arperauii. Taki cynpamoJieKyIsipHi KOMILJIEKCH, B 3aJIEXKHOCTI Bill YMOB, MOXYTb
(opMyBaTUCS Y BUIJISIi HEJIIOMiHECLIEHTHUX arperari 3 JOJATKOBOIO TiIICOXPOMHOI0 cMyroio (H-cmyroto), Tak
3BaHuX H-arperariB, a60 y BUTJIS7i IIOMIHECIIEHTHUX arperariB 3 JOAATKOBOIO 6aTOXPOMHOIO CMYTOIO (J-CMyToIo),
TaK 3BaHMX J-arperartiB. A B JeIKMX BUIIQJKaX Y CIIEKTPax MOXYTb 3'IBJsITHUCS 00UBi H- i J-cmyru. 3HauHUM
BHECKOM Y JOCJIiI)K€HHSI IPUPOAU L1iaHiHOBUX OAPBHUKIB CTaJIO BiIKPUTTS, 1O €JIEKTPOHHI 30y )KEHHSI arperaris
11X 6apBHUKIB SIBJISIIOTH CO6010 eKCUTOHU PpeHKelid, 10 B CBOIO YEPTY Jae PO3yMiHHS mpo Te, o H-iJ-cmyru

MaloTh €KCUTOHHY [IPMPO/Y BHACJIJIOK eJI0Kali3allii eJIeKTPOHHUX 30yIpKEHb OKPEMHUX MOJIEKYJI Y3II0BX



BIIOPSIIKOBAHOTO MOJIEKYJISIPHOTO JIAHLIIOXKKY. | yiniie Bif reoMeTpii BIIaKyBaHHS MOJIEKYJI B arperari 3aJIe;KUThb 3CyB
€KCUTOHHOI CMYTH BiTHOCHO CMYT'Y MOHOMEPIB Y II€BHE I0JIOKEHHSI, 800 HasIBHOCTI y CIIEKTPi JBOX CMYT
ofiHo4yacHo. Takox, CJIifi 3a3HaYuTH, 10 [1J1s1 LjiaHiHOBUX 6apBHUKIB IIpOLieC arperallii € TUIIOBUM CaMe€ Y OCHOBHOMY
CTaHi, a 0Cb (POPMyBaHHS €KCUMEPIB [JIs1 HUX HE € XapaKTEPHOI0 OCOOJIUBICTIO. 3 TOYKY 30PY NPUKIIATHOIO
BUKOPUCTAHHS 6isbLI L[iKaBUMU € CaMe JIIOMiHEeCLIeHTHi J-arperary, o 4acTo BiTHOCSITb IO CYIIPaMOJIEKYJISIPHUX
cructeM abo MOJIEKYJISIPHUX HaHOKJacTepiB. CaMe 3aBASIKY CBOIM YHIKaJbHUM ONTUYHUM BJIACTHBOCTSIM BOHU
3HANILIIM IIMPOKE 3aCTOCYBAaHHS Y SIKOCTi CBITJI030MPalOuMX KOMILJIEKCIB Ta (pOTOCEHCibini3aTopiB y POoTOHIL Ta
OTITOEJIEKTPOHIlli, 1K edeKTUBHI JIIOMiHEeCIIeHTHi 30HAM 1714 6ioJorii Ta MeaULIMHY TOIO. TakoX MiX jiaHiHOBUMU
06apBHUKAaMU MOXKHA JOCAITUA €PEeKTUBHOrO GE3BUIIPOMIHIOBAIbHOTO IIEPEHECEHHS €HEePrii, 0 MoXXe 3HANUTHU AyKe
IIXPOKE BUKOPUCTAHHS Yy [IPUKJIAIHUX 33/1a4aX, TAKKX SIK CTBOPEHHS COHSIYHUX €JIEMEHTIB 110 TUITy «KOMipKU
I'peruensi». [ly>xe jierke MaHiIyJIl0BaHHS CIIEKTPAJIbHUMU BJIACTVMBOCTSIMU J-arperarTis MOXJIMBE 3aBJSIKU ixX
IIpUpOZi arperatiii, o Bif0yBaeTbCs 32 PAXyHOK HEKOBAJIEHTHOI B3aeMO/Iii, a 3HAYMTb rapaHTy€e TaK 3BaHy
MeTacTabilbHICTb, TOOTO CUJIbHY 3aJI€XKHICTb iX CTPYKTYPH Ta ONTUYHUX BJIACTUBOCTEN Bifl 30BHIIIHbOTO BIJIUBY,
MIiKpOOTOYEHHS. AJle B CBOIO Yepry Lie 00MeXye LIMPOKe IPAKTUUHE 3aCTOCYBAHHS J-arperaris 4epe3 MOXJINBICTh
HEKOHTPOJIbOBAHOTO MOTipLIEHHS iX ONTUYHUX BAacTUBOCTeN. OTKe, MUTaHHS (OPMYyBaHHS J-arperaTiB y 6ijb
«KOPCTKOMY» CE€pelOBUIIli, TAKOMY SIK TOHKI I10JIiMEpHi IJTiBKM Ta HAHOIIOPUCT] MaTpHuLi, e MO>KHa 36eperTu
KOPHCHI YHiKaJIbHi BJIaCTUBOCTI arperaris, 3a0€3I1e4nTH iX 6isbily POTOCTAbINBHICTD i MAKCUMAJIbHO 3HUBUTU
JIMOBIPHICTb iX OLIKO/KE€HHS a60 PyMHYBaHHS € JOCUTb aKTyaJIbHUM SK 3 QyHIaMEHTAIbHOI TOYKU 30PY, TaK i 3
IIPUKJIAIHOTO BUKOPUCTAHHSL. Jlucepraliiina po60Ta NIpUCBSYEHA JOCTIIKEHHIO MEXaHi3MiB (POPMYBaHHS Ta
B3aeMofii J-arperaTiB [ieKisbKOX 1jiaHiHOBUX 6aPBHUKIB Y Pi3HMX HAHOCTPYKTYPOBaHUX CE€PELIOBUIIAX, TAKUX SIK
TOHKI I0JIiIMEepHI I1iBKU Ta nopucti Matpui TiO2. B nuceprauiiiziil poboTi OCHIIKyBaauCs LjiaHiHOBI 6apBHUKY,
MOJIEKYJIM SKMX MOXYTb YTBOpIOBaTU J-arperatu: aHioHHi 6apsHuku TDBC (1,1'-pucynbdobytui-3,3-gietun-
5,5,6,6'-TeTpaxsiopbeH3ziMminazosno-kapoonianin Hatpito) Ta TCC (3,3’ -gucynbpobyTui-5,5-1uxiopoTiakapboLiaHil
TPUETUJIAMOHII0), @ TaKOX KaTioHHu# 6apBHUK PIC (1,I'-pietun-2,2'-1ianid ogun, ncesnoisonianHin). Yepes
IleTaJIbHEe CIIEKTPOCKOIIYHE AOCiIpKeHHs arperauii ianinosoro 6apsHuka TCC BUSBIIEHO, 10 HA BiAMiHY Bif,
TUIIOBUX J-arperaris 3i CTPYKTYpOIO «pU6'sida KiCTKa», ONTUYHA B3aeMOZist MK H- Ta J-cMyramu B 1liaHiHOBOMY
6apBHUKY TCC MOBHICTIO BifICyTHSI. SIK HAC/iTOK, 3'SBJISIETHCS MOXJINBICTb KEPYBaTH NpOLiecaMy IIepeBaXkHO] J-
arperauii Iboro 6apBHMKa [IPU [IEBHUX YMOBax MiKpOOTO4YeHHS. OTpPUMaHi eKCIIEPUMEHTAJIbHI Pe3yJbTaTH 00
KEPYBaHH$ CIIEKTPaJIbHUMU XapaKTePUCTUKaMU J-arperaTiB MOXYTb OYTH BUKOPMCTaHi IPY LiJIeCIIPSIMOBaHIN
PO3poOLi HOBUX MaTepiasiB 3 KEPOBAHUMHU ONTUYHMMU BIACTUBOCTSIMU HA OCHOBI OPTraHiYHUX CIOJyK. Briepme
IOCIiIKEHO, o po3BeneHHs arperaris TCC Npu3BogUTh 00 HasBHOCTI H-CcMyry HaBiTh [IpU y>Ke€ HU3BKUX
KOHLIEHTPALiIX 6apBHUKA, TOA] 5K J-cMyra 3HUKae. MoXHa 3pobuTy npunymenHs, mo J-arperatu TCC
dopmyroTbes 3 H-numepis, SIKi CIOYaTKy YTBOPIOIOTHCS Y BOJHUX PO3uMHaX. BcTaHOBIEHO, 10 CTPYKTYpa J-
arperatiB TCC Mo>xe 3MiHIOBAaTHCSI Ha JBOBUMIPHY OCTpiBLE€BOIOAIOHY IIpU iX GOpMyBaHHI y HAHOCTPYKTYPOBaHUX
Marepiasiax Ha BiIMiHy Bif] KBa3i-OJHOBUMIPHOI CTPW>KHENOiOHOI MOpoJIOrii, XapaKTepHOI 1 JaHUX J-arperaris
y po3unHax. [s1s nokpaieHHs poTOCTabiIbHOCTI J-arperaTiB NpoBeieHO OCAIPKEHHS 3 ra30Boi (pa3u TOHKUX
MeTaJIeBUX IUTiBOK Ha opHomaposi J-arperatu TDBC y nitiBkax PDDA, 110 npu3BOAUTS A0 36i/1bLIEeHHS CTATUYHOTO
6e3sany J-arperariB, ajie CyTTEBO He BIIJIMBA€ Ha iX JIlOMiHecleH1io. Lls MeTonuka y MailbyTHbOMY MOXKe OyTU

YIOCKOHaJIEHa Ta BUKOPUCTAHA [J1s1 IOKpalleHHs (POTOCTabiIbHOCTI iHIINX J-arperaris.

2. Cyanine dyes attract considerable attention of researchers from all over the world due to their rather unique
optical properties, such as very narrow absorption and luminescence spectral bands, rather high values of
extinction coefficients and quantum yields, which in turn are significantly dependent on the surrounding
environment, as well as their ability to aggregation. Such supramolecular complexes, depending on the conditions,
can be formed in the form of non-luminescent aggregates with an additional hypsochromic band (H-band), so-
called H-aggregates, or in the form of luminescent aggregates with an additional bathochromic band (J-band), so-
called J-aggregates. And in some cases, both H- and J- bands may appear in the spectra. A significant contribution
to the study of the nature of cyanine dyes was the discovery that the electronic excitations of aggregates of these
dyes are Frenkel excitons, which in turn gives insight into the fact that the H- and J-bands have an excitonic



nature due to the delocalization of electronic excitations of individual molecules along an ordered molecular chain.
And the shift of the exciton band relative to the band of monomers to a certain position, or the presence of two
bands in the spectrum at the same time, depends only on the geometry of the packing of the molecules in the
aggregate. Also, it should be noted that for cyanine dyes the aggregation process is typical in the ground state, but
the formation of excimers is not a characteristic feature for them. From the point of view of applied use,
luminescent J-aggregates, which are often referred to as supramolecular systems or molecular nanoclusters, are
more interesting. Thanks to their unique optical properties, they have found wide application as light-harvesting
complexes and photosensitizers in photonics and optoelectronics, as effective luminescent probes for biology and
medicine etc. Also, efficient non-radiative energy transfer can be achieved between cyanine dyes, which will be
very widely used in applied tasks, such as the creation of solar cells of the "Gratzel cell"-type. Very easy
manipulation of the spectral properties of J-aggregates is possible due to their nature of aggregation, which occurs
due to non-covalent interaction, which means that it guarantees the so-called metastability, that is, a strong
dependence of their structure and optical properties on the external influence, microenvironment. But in turn, this
limits the wide practical application of J-aggregates due to the possibility of uncontrolled deterioration of their
optical properties. Therefore, the question of the formation of J-aggregates in a «harder» environment, such as
thin polymer films and nanoporous matrices, where it is possible to preserve the useful unique properties of the
aggregates, ensure their greater photostability, and maximally reduce the probability of their damage or
destruction, is quite relevant from a fundamental point of view sight, as well as from applied use. The dissertation
is devoted to the study of the mechanisms of formation and interaction of J-aggregates of several cyanine dyes in
various nanostructured media, such as thin polymer films and porous TiO2 matrices. The dissertation investigated
cyanine dyes whose molecules can form J-aggregates: anionic dyes TDBC (1,1'-disulfobutyl-3,3'-diethyl-5,5',6,6'-
tetrachlorobenzimidazolo-carbo-cyanine sodium) and TCC (3,3'-disulfobutyl-5,5'-dichlorothiacarbocyanine
triethyl-ammonium), as well as cationic dye PIC (1,1'-diethyl-2,2'-cyanine iodide, pseudoisocyanine). Through a
detailed spectroscopic study of the aggregation of TCC cyanine dye, it was found that, unlike typical J-aggregates
with a "herringbone" structure, the optical interaction between H- and J-bands in TCC cyanine dye is completely
absent. As a result, it becomes possible to control the processes of predominant J-aggregation of this dye under
certain conditions of the microenvironment. The obtained experimental results on controlling the spectral
characteristics of J-aggregates can be used in the purposeful development of new materials with controlled optical
properties based on organic compounds. For the first time, dilution of TCC aggregates has been shown to result in
the presence of the H-band even at very low dye concentrations, while the J-band disappears. It can be assumed
that J-aggregates of TCC are formed from H-dimers, which are initially formed in aqueous solutions. It was
established that the structure of TCC J-aggregates can change to a two-dimensional island-like one during their
formation in nanostructured materials, in contrast to the quasi-one-dimensional rod-like morphology
characteristic of these J-aggregates in solutions.
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rOJIOBYIOYOrO Ha 3acigaHHi

Bi,ZIHOBi,I[aJIbHHfI 3a Hi,qI‘OTOBKy COpOKiH OHCKC&H,HP BacunboBuu

00JIIKOBHX JOKYMEHTIB

Peectparop VYkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a peecTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




