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HaHoMarepiasnu (ranysb 3HaHb 10 — [IpupogHudi HayKK). — [HCTUTYT CUMHTUIALIMHUX MaTepiaiB HanioHanpHO]
akazemii Hayk YkpaiHu, XapkiB, 2026. J-arperatu - 1ie HAQHOKPUCTA/IY HEKOBAJIEHTHO 3B'sI3aHUX OPraHiYHUX
JIIOMiHO(OPIB, y SIKUX BUCOKOYIIOPSIAKOBAHE PO3TAIlyBaHHS MOJIEKYJ 3yMOBJIIO€ (POPMYBAaHHSI €KCUTOHHUX CTaHIB i
XapaKkTepHOi By3bKOi 6aTOXpOMHO 3CyHYTOI J-cMyTu. J-arperaTty 1jiaHiHOBUX GapBHUKIB II€PCIEKTUBHI JJ1s1
3aCTOCYBAHHS 5K JIIOMIHECIIEHTHi 30HA1 Ta QYHKIiOHA/IbHI MaTepianu [ ONTOEJEKTPOHIKU i POoTOoHIKU. OfHaK ix
[IPaKTUYHE BUKOPUCTAaHHS 0OMEXXEHE HEJOCTaTHbOIO (POTOCTAOINIbHICTIO Y BOGHUX CEPEIOBUIIAX T PyHHYBaHHIM
arperaris Mif, yac B3aemMo[ii 3 6i0J10riYHMMU KOMIIOHEHTaMU. BogiHo4ac popmyBaHHS J-arperaris y

PIIKOKPUCTANIIYHUX MAaTPUIISX 3aIMIIAETHCS HEAOCTATHLO AOCIIIKEHNM. MeToro AucepTaliiiHoi po60TH €



BCTaHOBJICHHSI 3aKOHOMIpDHOCTEN ()OPMYBaHHSI arperaTHUX CTaHiB LiaHiHOBUX 6apBHUKIB amphi-PIC, PIC ta TDBCy
6i0JIOTiYHUX i PITKOKPUCTANIIYHUX CEPEIOBUINIAX TAa BUBHAYEHHS iXHIiX CIIEKTPaJIbHUX XapaKTEPUCTUK i
($oToCTabiIbHOCTI 3a/1€XKHO Bif ymoB arperauii. [Tepmuii po3zin «OnTHYHI BACTUBOCTI arperaris LiaHiHOBUX
6apBHUKIB. OrJsig JIiTEPATYpPU» € OIJISAIOM i MiCTUTD JIITEPATYPHIi AaHi MOJ0 CTPYKTYPHUX i ONTUYHI XapaKTEPUCTUK
1[iaHIHOBUX 6apBHUKIB, 0COOJIMBOCTEN €KCUTOHHUX CTaHIB i CIIEKTPaJIbHUX BJIACTUBOCTEH J-arperaris LjiaHiHOBUX
0apBHUKIB, POJIi HAHOCTPYKTYPOBAHOTO cepefoBUla y POpMyBaHHI ONITUYHUX BIACTUBOCTEN J-arperaTiB
1jiaHiHOBUX 6apPBHUKIB i 610JI0T{YHOTO 3aCTOCYBaHHS J-arperariB LliaHiHOBUX 6aPBHUKIB. Y APYyromMy po3fisi
«EkcniepuMeHTasnbHa TeXHiKa i METOAMKY JOCIiIPKEHHS» HaBE€JJEHO ONMC METOIUK JOCTiIKEHHSs, 0COOINBOCTEN
peecTpalii CeKTPiB NOIJIMHAHHA i TIOMiHECIIEHTHUX CIIEKTPiB, BUMiPIOBaHHS KBAHTOBOT'O BUXOJY JIIOMiHECLIEHILl,
BUMIipIOBaHHS KPMBUX 3aracaHHs JIOMiHECLeHIlil, OTpMMaHHS JIOMiHECIIeHTHUX MikpodoTorpadiit, a TakoxX
METOJIMK [TPUTOTYBaHHs 3pa3kiB. TpeTill po3nin «CrekTpasbHi XapaKTepUCTUKY J-arperaTiB LiaHiHOBUX OAPBHUKIB
pu ix B3aeMo/iii 3 6i0JI0TYHUMY PEYOBMHAMI» IIPUCBSIYEHNI AOCIIIKEHHIO B3aeMoii aMm}idinbHOro KaTioHHOro
6apsHuKa amphi-PIC 3 Mosiekys1aMy cCupOBaTKOBOTO ajibOyMiHy, @ TaKOK 0COOJIMBOCTSIM HOro arperatii y
6i0JI0riYHUX CepeloBUIIAX HA OCHOBI KPOBI Ta ii KOMIIOHEHTIB. JlocifkeHo B3aemoito J-arperatiB am@idinbHOro
KatioHHOro 6apsHUKa amphi-PIC i3 6MyaunmM cupoBaTKOBUM ayibOymiHOM (BCA) Ta KOMIIOHEHTaMU KPOBI.
BcranosneHo, mo B3aemopis 3 BCA He pyliHye J-arperarty, a, HaBIaKy, OKpallye iXHi CIIeKTpasbHi Ta €KCUTOHHI
XapaKTEePUCTUKU. [JOBXKMHA KOTEPEHTHOCTI €KCUTOHIB 3pOCTae Bifl 4 10 7 MOJIEKYJI, KBAHTOBUY BUXIiJ, JIIOMiHECLIEHII]]
— Big 1,4 1o 2,5 %, a yac xxutts — Bifg 40 mo 65 nc. YV npucytHocTti BCA yac nosoBMHHOTO GOTO3HEOAPBIEHHS
36isbIIyeThCs 6inbi HiX y 5 pasis. [Tokazano, mo BCA crab6inidye J-arperati, ¢OpMyr0un HaBKOJIO HUX GilIKOBY
000JIOHKY, SIKa [epelKo/Kae ixHill arnomepauii. J-arperatu amphi-PIC 36epiraioTe xapakTepHi ClleKTpasbHi
BJIACTMBOCTI y KPOBi, CUPOBATIi Ta IJ1a3Mi, a ixHs GOTOCTabiIbHICTD [IEPEBUIILYE TaKy Y 6y(HEPHOMY PO3YMHI.
MeTtoamu TPOTOYHOI HUTOMETPIi Ta KOH(POKAJIBHOI MiKPOCKOTIii BCTAaHOBJIEHO, 1II0 arperaTy NpakTUYHO He
B3a€EMOIIIOTh 3 €EPUTPOLIMTAMHU Ta JIEMKOLUTAMMU i IEPEBAXKHO 3aJIMIIAIOTHCS Y II7Ia3Mi KpoBi. Lle cBigunTthb npo
[IEPCIEKTUBHICTD iX BUKOPUCTAHHS [JIs1 JIIOMIHECLIEHTHO] Bidyaslidaliii Kp)OBOHOCHUX CyAMH. YeTBEpTUN pO3Hia
«CnekrpanbHi BnactuBocTi J-arperartiB TDBC i PIC nipu ix (popMyBaHHi y piIKOKPUCTATIYHNX MAaTPULSX»
IIPUCBSIYEHUI BCTAHOBJIEHHIO OCOGJIMBOCTEN arperalii KarioHHOro 6apBHuKa PIC Ta aHiOHHOTO 6GapBHUKA Y
HeMaTU4Hil pigkokpucTamniyniit matpuiii S5CB. [Iyis TDBC BcTaHOBNIEHO 3MEHIIEHHS TOBKUHU KOT€PEeHTHOCTI
€KCUTOHIB MTOPiBHSIHO 3 BOJHUM PO3YMHOM, 110 CBiIYMTh PO MiBUILIEHHS CTAaTUYHOTrO 06€371afy, ajle OJHOYaCHO
crioctepiraerbcs 36i7bIIeHHS] KBAHTOBOI'O BUXOZY Ta 9acy SKUTTS JIIOMiHeCLeHIIii BHACILOK IPUrHiYeHHS
6e3BUIIPOMIHIOBAJIPHUX KaHauliB pesakcauii. [1is PIC nmokaszaHo, mo crioci6 BBesieHHs 6apBHUKA y MaTpulo 5CB
BM3HaYa€e XapaKTep arperoBaHux cTaHiB. [Ipu 6e3rnocepeiHbOMY JUCIIEPryBaHHI YTBOPIOIOTHCS IUMEPHU 3
IOBXXVHOIO KOT€PEHTHOCTI, 110 BiATIOBifae ABOM MOJIEKYJIaM, TOJi SIK BBE€JIEHHS 6aPBHMKA YEPE3 PO3YUH Y
xs0podopMi ae 3mMory orpumarty piBHOMipHO posnoginenunii PIC y koHneHTpanisx go 10-2 M. V npoMy BUNIaKy B
CIIeKTpax 30yyKeHHs JIIOMiHeCLieHIIil BUSIBIEHO OAATKOBi J- Ta H-cMyrH, 110 cBimyaTh 1po GpopMyBaHHS
eKcuMepiB. JI71s1 AUMepiB Ta eKCMMepiB BCTAaHOBJIEHO KOHQIrypallilo Noxusoro gumepy J-tumny. [TokasaHo, 1o
aHi30TpomnHa opranisauis matpuii 5CB 3yMOBIII0€ BUCOKUI CTYIiHb OPi€HTALITHOTO BIOPSKYBaHHS MoJieKy PIC
Ta iX arperoBaHux CTaHiB. AHI30TPOIIis JIOMiHeCleHIlii CTaHOBUTS 0,42, a M iel0 eJIeKTPUYHOTO 0J1s BUILLE
nopora Ppepnepikca BinOyBaeTbCs IEpEOPieHTAllisl arperatiB pa3oMm i3 IUPEKTOPOM PiJIKOro Kpucrasny. BctaHoBieHO
CYTTEBE MifBUILEeHHS (OTOCTAGIIbHOCTI arperoBanux craHiB y matputi 5SCB. Yac pocsaruenss 10%
¢dorosnebapsneHHs J-arperariB TDBC Tta gumepis PIC 36inbi1yeTbes 6ibll HixX HA [Ba MOPSIAKY MTOPIBHSIHO 3

BOOJHUMHU PO3YMHAMMU.

2. Dissertation for the degree of Doctor of Philosophy in the specialty 105 - Applied Physics and Nanomaterials
(Field of Study - 10 Natural Sciences). - Institute for Scintillation Materials of the National Academy of Sciences of
Ukraine, Kharkiv, 2026. J-aggregates are nanocrystals of noncovalently bound organic luminophores in which the
highly ordered arrangement of molecules results in the formation of excitonic states and a characteristic narrow
bathochromically shifted J-band. J-aggregates of cyanine dyes are promising for use as luminescent probes and
functional materials for optoelectronics and photonics. However, their practical application is limited by
insufficient photostability in aqueous media and aggregate degradation upon interaction with biological



components. At the same time, the formation of J-aggregates in liquid-crystal matrices remains insufficiently
studied. The aim of the dissertation is to establish the regularities governing the formation of aggregate states of
the cyanine dyes amphi-PIC, PIC, and TDBC in biological and liquid-crystal media and to determine their spectral
characteristics and photostability depending on the aggregation conditions. Chapter 1, “Optical Properties of
Cyanine Dye Aggregates. Literature Review,” provides a review of the literature data on the structural and optical
characteristics of cyanine dyes, the features of excitonic states and spectral properties of cyanine-dye J-
aggregates, the role of nanostructured media in determining the optical properties of J-aggregates, and the
biological applications of cyanine-dye J-aggregates. Chapter 2, “Experimental Techniques and Research Methods,”
describes the experimental methods used in the study, including the acquisition of absorption and luminescence
spectra, measurements of luminescence quantum yields and luminescence decay curves, luminescence
microscopy, and sample preparation procedures. Chapter 3, “Spectral Characteristics of Cyanine-Dye J-
Aggregates upon Interaction with Biological Substances,” is devoted to the interaction of the amphiphilic cationic
dye amphi-PIC with serum albumin molecules and to the features of its aggregation in biological media based on
blood and its components. The interaction of amphi-PIC J-aggregates with bovine serum albumin (BSA) and blood
components was investigated. It was established that interaction with BSA does not destroy the J-aggregates but,
conversely, improves their spectral and excitonic characteristics. The exciton coherence length increases from 4
to 7 molecules, the luminescence quantum yield from 1.4 to 2.5%, and the lifetime from 40 to 65 ps. In the presence
of BSA, the photobleaching half-time increases by more than fivefold. BSA was shown to stabilize the J-aggregates
by forming a protein shell around them, thereby preventing their agglomeration. Amphi-PIC J-aggregates retain
their characteristic spectral properties in blood, serum, and plasma, while their photostability is higher than that in
buffer solution. Flow cytometry and confocal microscopy demonstrated that the aggregates interact only weakly
with erythrocytes and leukocytes and remain predominantly in the blood plasma. These findings indicate the
potential of amphi-PIC J-aggregates for luminescent imaging of blood vessels. Chapter 4, “Spectral Properties of
TDBC and PIC J-Aggregates Formed in Liquid-Crystal Matrices,” is devoted to the aggregation of the cationic dye
PIC and the anionic dye TDBC in the nematic liquid-crystal matrix 5CB. For TDBC, a decrease in the exciton
coherence length compared with that in aqueous solution was established, indicating an increase in static
disorder, while an increase in the luminescence quantum yield and lifetime was observed due to suppression of
nonradiative relaxation channels. For PIC, it was shown that the method of dye incorporation into the 5CB matrix
determines the nature of the resulting aggregate states. Direct dispersion of the dye leads to the formation of
dimers with a coherence length corresponding to two molecules, whereas incorporation of the dye through a
chloroform solution enables a uniform distribution of PIC at concentrations of up to 10-2 M. In this case,
additional J- and H-bands were detected in the luminescence excitation spectra, indicating the formation of
excimers. Both dimers and excimers were found to have an oblique J-type dimer configuration. The anisotropic
organization of the 5CB matrix was shown to result in a high degree of orientational ordering of PIC molecules and
their aggregate states. The luminescence anisotropy was 0.42, while application of an electric field above the
Fredericksz threshold resulted in reorientation of the aggregates together with the liquid-crystal director. A
substantial increase in the photostability of the aggregate states in the 5CB matrix was established.
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