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1. CBosikoB P.I1. CuHTe3 Ta focigkeHHs: CKBapaiHOBMX 6apBHUKIB Ta CyIIPaMOJIEKYJISIPHUX CUCTEM Ha iXHill OCHOBI.

- KBanigikauifiHa HaykoBa IIpaljsl Ha paBax pykonucy. Jlucepratiist Ha 3700yTTsI HAYKOBOTO CTYIIE€HS JOKTOPa

dinocodii 3a cnenianpHicTio 102 XiMist. - Jlep>kaBHa HayKoBa yCTaHOBA «HayKOBO-TEXHOJIOTIYHN KOMIIJIEKC

«IHCcTUTYT MOHOKpUCTAiB» HalioHanpHOI akagemii Hayk Ykpainu», Xapkis, 2025. PayopecLieHTHI METOIY aHai3y

HaJiexxaTb [I0 YMCJla HalbiIbIll BUCOKOYYTIMBYX, CEJIEKTUBHUX Ta HAiMHUX iIHCTPYMEHTIB Cy4yacHOI HayKu. 3aBIsaKu

CBOIll IPOCTOTI, BUJKOCTI, EKOJIOTIYHOCTI Ta MOXKJIMBOCTI 3aCTOCYBAHHS B PEAJILHOMY 4aci, BOHU IMPOKO

BUKOPUCTOBYIOThCS B 6i0OMEOUYHUX JOCIiI)KEHHSIX, KJIiHIYHIN AiarHOCTUILi, XIMiYHOMY aHasi3i, eKoJIoriYHOMY



MOHITOPUHIY, KOHTPOJIi SIKOCTi IIPOAYKLii, ONITOEJIEKTPOHILi Ta HAHOTEXHOJIOrisAX. Cepen, pi3HOMAaHITTS
dyopecreHTHHX 6apBHUKIB 0COOJIMBY yBary NpuBepPTalOTh CKBAPaiHOBI CIIOJIYKH — XpOoMO(OopY 3 By3bKUMU
iHTEHCUBHUMMHU CMyTaMU IIOTJIMHAHHS Ta (JlyopeclieHlii, BACOKMMY KBAaHTOBUMU BUXOJIaMU Ta 3[1aTHICTIO
($yHKIIOHYBaTH y 6ios10riyHO Tpo3opomy BikHi (650-900 HM). 3aBASIKM LM BJIACTUBOCTSIM CKBApaiHU €(PeKTUBHO
3aCTOCOBYIOTbCS B OIITWUYHIN Bidyasisdallii, CCHCOPHUX TE€XHOJIOTisX, POTOANHAMIYHII Tepamii, po3pooii
CBITJIO30MPaJIbBHUX CUCTEM Ta KBAHTOBUX MPUCTPOIB. [Tonpu npuBabiuBi ONTUYHI XapaKTE€PUCTUKU, CKBAPaiHOBI
06apBHUKM MalOTh [1€BHI 0OMEXKEHHS, 30KPEMA HU3bKY (POTOCTAOINBbHICTb, CXUIbHICTb [0 arperalii y BOGHUX
CcepeloBUILIAX i BUCOKY UyTJIMBICTb 10 HYKI€O(iNbHUX areHTiB. 17151 IO[01aHHS LUX IPO6JIEM aKTyalbHUM €
CTBOPEHHS CyIPaMOJIEKYJISIPHUX CUCTEM — 30KPEMa, POTaKCaHiB, Jie 6apBHUK iHKAIICYJIIOEThCS MAaKPOLIUKIIOM, 110
3axuiae XxpoModop Ta IOKpallye 0oro CreKTpasbHi BAacTUBOCTL. OJHOYACHO 3 LIUM BCe Oiblie NOCTIiAHUIBKO]
yBarv NpUBEPTAIOTh reMiCKBapaiHOBi 6apPBHMKU — KOPOTKOXBUJIbOBI (PJ1IyOpo(OpH 3 aCUMETPUYHOIO CTPYKTYPOIO,
SKi I€MOHCTPYIOTb UyTJIMBICTb [0 IIapaMeTPiB MiKDOOTOUEHHS Ta 3ATHICTb 10 crienndivyHoi B3aeMoii 3
6iomMosiexysamu i iloHaMu MeTasiB. MeTolo faHoi pob0TU € CUHTE3 HOBUX CKBapaiHOBUX Ta reMicKBapaiHOBUX
0apBHUKIB, @ TAKOXK CTBOPEHHSI Ha iX OCHOBi CTa0i/IbHUAX CyNPaMOJIEKYJISIPHUX CUCTEM — POTAKCaHiB, i3 [10JabIIUM
BMBYEHHSM CIIEKTPAJIbHO-JIIOMIHECLIEHTHUX i XEMOCEHCOPHUX BJIACTUBOCTEN OTPMMAHUX CIIOJYyK. [IpoBeneHo
ONTUMI3ALiI0 CUHTETUYHUX METOIUK [IJIS1 OeP>KaHHS reMiCcKBapaiHiB i3 BTODUHHUMMU Ta TPETUHHUMU aMiHaMu, 1110
I€MOHCTPYIOTb Pi3HY YyTJIMBICTb /10 NOJISIPHOCTI, KUCJIOTHOCTI, B'SI3KOCTi CepeioBUIIa Ta B3a€EMOii 3 6Myaurum
cApoBaTKOBUM anbbymiHoM (BCA). BctaHosineHo, mo 6apBHuky MeH i PhH QyHKkuionytoTh sk pH-3anexxHi 30111, a
PhPh niposiBiisie BUCOKY YyTIMBICTb 10 3MiHU B'SI3KOCTi cepenioBuIna. Y cBOIO yepry, 6apBHUK PhMe neMoHcTpye
CyTTEeBE 3pOCTaHHs GiyopecLeHlii B MpUCYTHOCTI OiJIKiB, 110 CBiAYMTH PO HOro MepCreKTUBHICTS SIK 6ioceHcopa.
Oco6uBy yBary npupineHo remickBapainam HSql tTa HSq2 i3 nutiokapbamoinbHUMHU (PparMeHTaMy, SIKi BUSIBJISIOTh
BHICOKY CEJIEKTMBHICTb 10 KaTioHiB pTyTi(Il) Ta yTBOPIOIOTH CTabi/NbHI (yryopecueHTHI KoMmIuiekeu 1:1. BusHageHo
KOHCTaHTH 3B'SI3yBaHHS, 110 cKIanaioTs 3.8 x 100 Mo nyist HSql-Hg ta 1.28 x 100 Mao! njiss HSq2-Hg, Ta MeXi BUSBIEHHS
— 40 HM i 52 HM BignoBigHO. TakoX MOCiIKeHO TIOHOBaHUI 6apBHUK SqS, SIKUI TPOSIBIISIE METaTIOXPOMHI
BJIACTMBOCTI y IpUCYTHOCTI Hg2+ — i3 3MiHOIO KOJIbOPY PO3YMHY, 3MiHOIO MTOTJIMHAHHS Ta (POPMYyBaHHSIM
KOMILIIEKCIB 3i crexiomerpiero 1111 2:1. LIi pesynbraTl BEMOHCTPYIOTh IIOTEHIIIAJ OAEPKAHUX CIIOJIYK SIK
(dJy1yopeclieHTHUX CEHCOPIB [J1s1 BUSIBJIEHHSI BaKKUX METasliB y 6i0JIoriyHuX i BOAHUX 3pa3kax. Y pucepTalii Bnepiue
CHHTE30BaHO Ta OXapaKTepu3oBaHO ckBapaiH-porakcanu SR1-COOH - SR3 COOH, ki npogeMOHCTpYyBaIn
IIOKpAllleHi CIIEKTPaJbHi BJIACTUBOCTI MOPIBHSHO 3 BUXiIHUMU GapBHUKaMU. [JOBrOXBUJIbOBI CKBapaiH-pOTAKCaHU
OyJi1 KOBaJIEHTHO IIPUENHAHI 1O OJIIrOHYKJI€OTUIB 11711 GOPMYyBaAHHS CTPYKTYP X0JLlifiess — >KOPCTKUX
yotupusanuorosux JHK komIsiekcis, siki 3a6e3nedyoTs Qikcaliiio 6apBHUKIB y pocTopi. Lle no3Bosnnio
OOCIIiZUTHY MIPOLECH KOHTPOJIbOBAHOI arperatii 1 BCTAHOBUTY YTBOPEHHS AMMEDIB i3 PiIKiCHUM KOCUM IaKyBaHHSM,
XapaKTEPHUM JIJIS1 HAHO(POTOHHUX 3aCTOCYBaHb. BUSBJIEHO CUMETPUYHE €KCUTOHHE PO3LIEIIJIEHHS CMYT
IIOTJIMHAHHS — CIIeKTPaJIbHY 03HaKY Takoi BIOPSAKOBAaHOI camoopraHisaliii. JJomaTkoBo okasaHo, 10 GTopoBaHi
MaKpPOLMKJIM B POTaKCaHAaX CIPHUSIOTH OibllI LiIbBHOMY [IAaKyBaHHIO XpPOMOQOPIB i TOCUIEHHIO €KCUTOHHO]
B3aemogii. [[pakTU4Ha LiHHICTb POOOTU MOJIAra€ y BCTAHOBJIEHHI 3aJIEXKHOCTEN MiX CTPYKTYPOIO 6apBHUKIB
(30xpema TUIIOM aMiHOTPYII Ta 3aMiCHUKaMU) Ta iXHiMU (PIIyOPECLeHTHUMHU i1 CEHCOPHUMU BIIACTUBOCTSIMUL.
BuzHayeHo nepcreKTyUBHI 30HAU [1J1s1 BUBHAUYEHHSI [TOJISIPHOCTI, KUCJIOTHOCTI Ta B'I3KOCTi CEpeIOBUIIA, a TAKOXK JIJIsI
netekuii ioHiB pTyTi(Il) Ta 6inKiB. CHHTE30BaHi CyNpaMOJIEKYJISIPHI CUCTEMU CKBapaiH-pPOTaKCaHOBOTO TUILY
BiIKpMBAIOTh MOXKJIMBOCTI CTBOPEHHS CTabiNbHUX (PYHKIIOHATIBHUX MaTepiasliB, IPUJATHUX [1JIS1 BAKOPUCTAHHS B

HaHOQOTOHIIli, 6i0CEeHCOopUIli, EHEPreTUYHUX CUCTEMAX Ta KBAHTOBUX TEXHOJIOTISIX.

2. Svoiakov R.P. Synthesis and study of squaraine dyes and supramolecular systems based on them. - Qualification
scientific work presented as a manuscript. Dissertation for the degree of Doctor of Philosophy in specialty 102 -
Chemistry. State Scientific Institution «Institute for Single Crystals» of National Academy of Sciences of Ukraine,
Kharkiv, 2025. Fluorescence-based analytical methods are among the most sensitive, selective, and reliable tools in
modern science. Due to their simplicity, speed, environmental friendliness, and real-time applicability, they are
widely used in biomedical research, clinical diagnostics, chemical analysis, environmental monitoring, quality
control, optoelectronics, and nanotechnology. Among the wide variety of fluorescent dyes, squaraine compounds



attract particular attention — these are chromophores characterized by narrow and intense absorption and
emission bands, high quantum yields, and the ability to function within the biologically transparent window
(650-900 nm). These properties make squaraines highly effective for optical imaging, sensor technologies,
photodynamic therapy, light-harvesting systems, and quantum devices. Despite their attractive optical properties,
squaraine dyes have certain limitations, including low photostability, a tendency to aggregate in aqueous media,
and high sensitivity to nucleophilic agents. To address these issues, the development of supramolecular systems —
particularly rotaxanes, where the dye is encapsulated by a macrocycle that protects the chromophore and
improves its spectral properties — is highly relevant. At the same time, increasing research interest is directed
toward hemisquaraine dyes — short-wavelength fluorophores with an asymmetric structure that exhibit sensitivity
to microenvironmental parameters and can specifically interact with biomolecules and metal ions. The aim of this
study is the synthesis of new squaraine and hemisquaraine dyes, as well as the development of stable
supramolecular systems — rotaxanes — based on them, followed by the investigation of the spectral-luminescent
and chemosensory properties of the resulting compounds. Synthetic methods for obtaining hemisquaraines with
secondary and tertiary amines have been optimized, with the resulting dyes showing varying sensitivity to polarity,
acidity, viscosity of the medium, and interaction with bovine serum albumin (BSA). It has been established that
dyes MeH and PhH function as pH-sensitive probes, while PhPh shows high sensitivity to changes in medium
viscosity. The dye PhMe, in turn, exhibits a significant increase in fluorescence in the presence of proteins,
indicating its potential as a biosensor. Special attention has been given to hemisquaraines HSql and HSq2 with
dithiocarbamoyl fragments, which demonstrate high selectivity toward mercury(Il) cations and form stable 1:1
fluorescent complexes. Binding constants of 3.8 x 105 M-1 for HSql-Hg and 1.28 x 105 M-1 for HSq2-Hg have been
determined, along with detection limits of 40 nM and 52 nM, respectively. Additionally, the thionated dye SqS was
investigated, showing metalochromic properties in the presence of Hg2+ — with changes in solution color,
absorption spectra, and formation of complexes with 1:1 and 2:1 stoichiometry. These results highlight the potential
of the obtained compounds as fluorescent sensors for detecting heavy metals in biological and aqueous samples.
The dissertation presents, for the first time, the synthesis and characterization of squaraine rotaxanes SR1I-COOH
to SR3-COOH, which exhibit improved spectral properties compared to their parent dyes. Long-wavelength
squaraine rotaxanes were covalently attached to oligonucleotides to form Holliday structures — rigid four-
stranded DNA complexes that fix the dyes spatially. This enabled the study of controlled aggregation processes
and revealed the formation of dimers with rare oblique packing, characteristic of nanophotonic applications.
Symmetrical excitonic splitting of absorption bands — a spectral signature of such ordered self-assembly — was
observed. Additionally, it was shown that fluorinated macrocycles in the rotaxanes promote tighter chromophore
packing and enhanced excitonic interactions. The practical significance of this work lies in establishing
correlations between dye structure (particularly the type of amine groups and substituents) and their fluorescence
and sensory properties. Promising probes have been identified for determining polarity, acidity, and viscosity of
the medium, as well as for detecting mercury(Il) ions and proteins. The synthesized supramolecular
squaraine-rotaxane systems open up opportunities for creating stable functional materials suitable for use in
nanophotonics, biosensing, energy systems, and quantum technologies.

Jep>kaBHH peecTpaniiinuii Homep JiP:

IIpiopuTeTHHH HaNpsSIM PO3BUTKY HayKH i TEXHIKHM: OyHnamMeHTasbHI HAYKOBI HOCIIIPKEHHS 3 HANGILIbII
BaXXJIMBUX IIPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOI0, COLiaJIbHO-€KOHOMIUHOTr0, CyCIiIbHO-TIOJiTUYHOTO,
JIIOJICBKOTO NIOTEHLjaNy 1151 3a0e311e4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHU y CBiTi Ta CTaJIOr0 PO3BUTKY
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ConuiasiIbHO-€KOHOMIYHA CIIPSIMOBaHICTbh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBazkeHHS pe3yJIbTaTiB AHCePTanii: [IiaHyeTbes 10 BIPOBaIKEHHS

3B's130K 3 HAYKOBUMH TeMaMH: 0122U002386; 0121U108887; 0122U002200; 0124U004748

VI. BizomocCTi Ipo HayKOBOT0 KEPiBHHKA/KEPiBHHUKIB (KOHCYJIbTAaHTA)

BiacHe IIpizBuie Im'sa Ilo-6aTbKOBI:
1. Kynuk Onecs I'enHagiiBHa

2. Olesia G. Kulyk

KBasigikamis: k. x. ., mou., 02.00.03
InenTudirkarop ORCHID ID: He 3actocoyerscs
HoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: Jlep>kaBHa HayKoBa ycTaHOBa HayKOBO-TEXHOJIOTYHMIA

KOMIIJIEKC "[HCTUTYT MOHOKpUCTaiB" HanioHanbHOI akageMii Hayk YKpainu

Kopg 3a € IPIIOY: 23759880

Micue3HaxoaKeHHS: npocnekT Hayku, 6ya. 60, XapkiB, XapkiBcbkuii p-H., 61072, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiiHHS: HaujonanbHa akaziemis HayK YKpainu

InenTudikarop ROR:

CeKTop HayKH: AkafemivHui1

Baacue IlpizBuuie Im's Ilo-6aThKOBI:
1. Tatapeu Anartonint JleoHigoBn4

2. Anatoliy L. Tatarets
KBasmigikamis: . x. 1., ¢z, 02.00.03
InmenTudikarop ORCHID ID: He zactocosyetbcs

JoparkoBa indpopmamuist:



TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOM: [lepkaBHa HayKoBa yCTaHOBa HayKOBO-TEXHOJIOM4HMIA

KOMILIEKC "[HCTUTYT MOHOKpUCTaiB" HalioHanbHOI akageMii HayK YKpainu

Kopg 3a €IPIIOY: 23759880

MicueSHaxo,q)KeHHﬂ: npocnekt Hayku, 6ya. 60, XapkiB, XapkiBcbkuii p-H., 61072, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaitu

InenTudikarop ROR:

CeKTop HayKH: AkaneMivHuil

VII. BizomocTi npo odiniliHuX OIIOHEHTIB Ta PEelleH3€HTIiB
OdiuiiiHi OIOHEHTH
BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Yennem Tetana OnekcanapiBHa

2. Tetiana O. Cheipesh

KBasigikamis: k. x. ., 02.00.04

InenTudirkarop ORCHID ID: He 3actocoyerscs
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IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: XapKiBCbKuil HallioHaMbHKT yHiBepcUuTeT imeni B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

MiCIICBHaXO,T.[)KeHHﬂ: mangaH CBo6ony, 4, XapkiB, XapKiBCbKUil p-H., 61022, YkpaiHa

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH | HAayKu YKpaiHu

InenTudikarop ROR:
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InenTudikarop ORCHID ID: 0000-0002-0857-6632

JopaTrkoBa indpopmamnist:

TloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: [HCTUTYT OpranivHOi ximii HauioHanbHoi akanemii Hayk
YKpainu

Kopg 3a €IPIIOY: 05417325

Micue3HaxoaKeHHS: ByJI. AKazemika Kyxaps, 6yz. 5, Kuis, 02094, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa praBJIiHHﬂZ HanjonanbHa akageMid HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkafieMivHuiT

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
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2. Valeriia V. Ananieva

KBasigikamis: . . u., gou., 05.18.06
InenTudikarop ORCHID ID: He sactocoByerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI OCOOH: [lepkaBHa HayKOBA yCTaHOBa HayKOBO-TEXHOJIOTI4HMIA

KOMILIEKC "[HCTUTYT MOHOKpUCTaiB" HalioHanbHOI akageMii HayK YKpainu

Kopg 3a €IPIIOY: 23759880

Micue3Haxoa>KeHHs: npocnekt Hayku, 6yz1. 60, XapkiB, XapKiBcbkuii p-H., 61072, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiriHHS: HaujoHanbHa akaziemist HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafieMivyHui

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. bpunboBa Karepuna lOpiiBHa

2. Kateryna Y. Bryleva

KBasigikamis: k. x. u., c.z., 02.00.04
InenTudirkarop ORCHID ID: He sactocoyerscs
JoparkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [lepkaBHA HayKOBa yCTaHOBa HayKOBO-TEXHOJIOTI4HMIA

KOMILJIEKC "[HCTUTYT MOHOKpUCTaiB" HalioHanbHOI akageMii HayK YKpainu

Kopg 3a €IPIIOY: 23759880

Micqesﬂaxon)KeHHﬂ: npocnekT Haykuy, 6ya. 60, XapkiB, XapkiBCbkuil p-H., 61072, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1



VIII. 3akr04Hi BimoMocTi
BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI

TOJIOBH paju

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCifiaHHi

BinmoBigasbHUH 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOIi

OisIJIbHOCTI

Jlincon BikTopis BikTopiBHa

JlinicoH Bikropis BikropiBHa

[ITupo6okoBa Mapis 'eopriiBHa

VkpIHTEI

FOpuenko TetsaHa AHaToiiBHA



