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1. CBosixoB P.I1. CuHTe3 Ta JOCIiIKEHHS CKBapaiHOBUX OapBHUKIB Ta CyNPAMOJIEKYJISIPHUX CUCTEM Ha iXHill OCHOBI.
- Kanigikaniiina HaykoBa npaiisl Ha [paBax pyKonucy. JlucepTatist Ha 300y TTsl HQyKOBOTO CTYII€HS JJOKTOPa
dinocodii 3a cnenianpHicTio 102 XiMmis. — Jlep>kaBHa HaykoBa ycTaHoBa «HayKOBO-TEXHOJIOTIYHNIT KOMITJIEKC
«IHCTUTYT MOHOKpHUCTaiB» HanioHanpHOI akagemii Hayk YkpaiHuy, Xapkis, 2025. diayopecleHTHI MeTOAU aHali3y
HaJieXXaTh JI0 YMCJIa HalbibIll BUCOKOUYTIIMBYX, CEJIEKTUBHUX Ta HAMIMHMX iHCTPYMEHTIB Cy4acHOI HayKu. 3aBIsKu
CBOIll TPOCTOTI, MBUAKOCTI, EKOJIOTIYHOCTi Ta MOXKJIMBOCTI 3aCTOCYBAHHS B P€AJILHOMY 4aci, BOHU MNUPOKO
BHUKOPHCTOBYIOTHCS B 6iOMeMYHUX JOCIIIPKEHHSIX, KJIiHIYHIN fiarHOCTuUI, XIMiYHOMY aHali3i, eKOJIOriYyHOMY
MOHITOPUHTY, KOHTPOJIi SKOCTi IPOAYKLii, ONITOEIEKTPOHIL]i Ta HAHOTEXHOJOTiAX. Cepen, pisHOMaHITT
(dryopecieHTHUX 6apBHUKIB OCOOJIMBY yBary IpMBEpPTaOTh CKBAPAiHOBI CIIOYKH — XpOMO(OpPH 3 By3bKUMU

iHTEHCUBHUMH CMYyTaMU IOTJIMHAHHS Ta QJlyopecleHllii, BACOKMMY KBAHTOBUMU BUXO[IaMU Ta 3[1aTHICTIO



(yHKLiIOHYBaTH y 6i0s10TiuHO Tpo30opomy BikHi (650-900 HM). 3aBASIKM LM BJIACTUBOCTSIM CKBApaiHU €(PeKTUBHO
3aCTOCOBYIOTbCS B ONTUYHIN Bidyasisaliii, CEHCOpPHUX TE€XHOJIOTisX, POTONMHAMIYHIN Tepariii, po3pooii
CBiTJIO30MpaJIbHUX CUCTEM Ta KBAHTOBUX MTPUCTPOIB. [Tonpu npuBabiuBi ONTUYHI XapaKTE€PUCTUKY, CKBapaiHOBI
0apBHUKM MaIOTh [1I€BHI OOMEXXEHHS, 30KPEMA HU3bKY (POTOCTAOINBbHICTb, CXUJIBHICTD [0 arperatii y BOGHUX
CcepeloBUILIAX i BUCOKY YyTJIMBICTb 10 HYKJI€O(iNbHUX areHTiB. 1715 10[01aHHs LUX IPO6JIEM aKTyabHUM €
CTBOPEHHS CYIIPaMOJIEKYJISIPHUX CUCTEM — 30KPEMa, pOTaKCaHiB, Jie 6apBHUK iHKAICYJIIOEThCS MaKPOLIUKIIOM, 110
3axuIlae XxpoMo@dop Ta MOKpallye 10ro CreKTpasbHi B1acTUBOCTL. OJHOYACHO 3 LIUM BCE Giblie NOCTiAHUIBKO]
yBaru NpUBEpPTalOTh FEMiCKBapaiHOBiI 6apBHUKU — KOPOTKOXBUJIbOBI (P1yopodopyu 3 aCUMETPUYHOIO CTPYKTYPOIO,
IKi € MOHCTPYIOTb YyTJIMBICTh /10 IIapaMeTpiB MiKDOOTOUEHHS Ta 3[aTHICTh 0 crienndivHoi B3aeMoii 3
6ioMosiexysaMu i iloHaMu MeTaliB. MeTolo faHoi pob0TU € CUHTE3 HOBUX CKBApaiHOBUX Ta reMicKBapaiHOBUX
0apBHUKIB, @ TAKOK CTBOPEHHSI Ha iX OCHOBI CTa0i/IbHAX CyNPAMOJIEKYJISIPHUX CUCTEM — POTAKCaHIB, i3 IOJAbIIUM
BMBYEHHSM CIIEKTPAJIbHO-JIIOMIHECLIEHTHUX i XEMOCEHCOPHUX BJIACTUBOCTEN OTPMMAHUX CIIOJNYK. [IpoBeneHo
OINTUMI3ALiI0 CUHTETUYHUX METOIVK [IJIS1 OeP>KaHHS reMiCKBapaiHiB i3 BTODUHHUMMU Ta TPETUHHUMU aMiHaMu, 1110
IE€MOHCTPYIOTb Pi3HY YyTJIMBICTb 0 MOJISIPHOCTI, KUCJIOTHOCTI, B'I3KOCTi CepeioBUIIA Ta B3a€MOii 3 6Myaurum
cUpoBaTKOBMM anbbymiHOM (BCA). BctaHosineHo, mo 6apBHuky MeH i PhH ¢yHKkuionyoTh sk pH-3anexHi 30011, a
PhPh niposiBiisie BUCOKY YyTIUBICTb O 3MiHU B'SI3KOCTi cepefioBuIna. Y cBOo yepry, 6apBHUK PhMe neMoHcTpye
CyTTEBE 3pOCTaHHs QJIyopeclLeHllii B NpUCYTHOCTI 6iJIKiB, 110 CBiAYUTh PO HOr0 MepCleKTUBHICTS SIK 6ioceHcopa.
Oco6uBy yBary npupineHo remickBapainam HSql tTa HSq2 i3 nutiokap6aMmoinbHUMU (PparMeHTaMy, SIKi BUSIBJISIOTh
BUCOKY CEJIEKTUBHICTb [10 KaTioHiB PTyTi(Il) Ta yTBOpIOIOTH CTabinbHI GpryopecuenTHi komiekeu 1:1. BusnaueHo
KOHCTaHTH 3B'sI3yBaHHS, 110 cKIanaoTs 3.8 x 100 Mo ayist HSql-Hg ta 1.28 x 100 Mot njiss HSq2-Hg, Ta MexXi BUsIBIeHHS
— 40 uM i 52 M BignoBigHO. TakoX ZOCHIIKEHO TIOHOBaHUI 6aPBHUK SqS, SIKUI NIPOSIBIISIE METATIOXPOMHI
BJIACTMBOCTI y IpUCYTHOCTI Hg2+ — i3 3MiHOIO KOJIbOPY PO34YMHY, 3MiHOIO MOTJIMHAHHS Ta (POPMYyBaHHSIM
KOMIIJIEKCIB 3i cTexiomerpieto 1:11 2:1. 11i pe3ynbTaTi IEMOHCTPYIOTh IOTEHIIIA OAEPKAHUX CIIOJIYK SIK
(JIyopeclieHTHUX CEHCOPIB [1J151 BUSIBJIEHHS BaKKUX METaJliB y 6i0JI0oriyHMX i BOAHUX 3pa3kax. Y pucepTalii Bnepiue
CHHTE30BAHO Ta OXapaKTepu3oBaHO ckBapaiH-porakcanu SR1-COOH - SR3 COOH, sKi npogeMOHCTpYyBaIn
IIOKpallleHi CIIEKTPaJIbHi BJIACTUBOCTI MIOPIBHSIHO 3 BUXiAHUMU GapBHUKaMU. [JOBrOXBUJIbOBi CKBapaiH-pOTAKCaHU
OyJ11 KOBaJIEHTHO NIPUENHAHI 10 OJIIrOHYyKJI€OTU B 1711 GOPMYBaHHS CTPYKTYp X0JLlifiess — >KOPCTKUX
yotupunanuorosux JHK koMIsiekcis, siki 3a6e3nedyioTs Qikcaliiio 6apBHUKIB y pocTopi. Lle no3Bonnio
IOCIZUTU MIPOLECH KOHTPOJIbOBAHOI arperatii i1 BCTAHOBUTY YTBOPEHHS AMMEDIB i3 PilKiCHUM KOCUM IAaKyBaHHSM,
XapaKTepHUM /1J1s1 HAHO(POTOHHUX 3aCTOCYBaHb. BUSIBIIEHO CUMETpHUYHE €KCUTOHHE PO3LIEITIEHHS CMYT
IIOTJIMHAHHS — CIIEKTPaJIbHY 03HaKY Takoi BIOPSAKOBaHOI camoopraHisalii. JJogaTkoBo okaszaHo, 10 GpTopoBaHi
MaKpPOLMKJIA B POTAaKCAHAX CIPHUSIOTH OibllI LiIbBHOMY NIAKyBaHHIO XPOMOMOPIB i TOCUJIEHHIO €KCUTOHHO]
B3aemogii. [[pakTU4Ha LiHHICTb POOOTU MOJIATA€ y BCTAHOBJIEHHI 3aJIEXKHOCTEN MiX CTPYKTYPOIO 6apBHUKIB
(30xpema TUIIOM aMiHOTPYII Ta 3aMiCHUKaMU) Ta iXHiMU (PIIyOpeCLeHTHUMU i1 CEHCOPHUMU BJIACTUBOCTSIMU.
BusHaueHO nepcrneKTUBHI 30HAM 1111 BU3HAUYE€HHSI IIOJISIPHOCTI, KUCJIOTHOCTI Ta B'SI3KOCTi CEpeOBUIIA, @ TAKOXK [1JIs
netekuii ioHiB pTyTi(Il) Ta 6inKiB. CHHTE30BaHi CyIPaMOJIEKYJISIPHI CUCTEMU CKBapaiH-pPOTaKCaHOBOTO TUILY
BiIKPMBAIOTh MOKJIMBOCTI CTBOPEHHS CTabiNbHUX PYHKLIOHAJIbPHUX MaTepiajliB, IPUAATHUX [1J11 BUKOPUCTAHHS B

HaHOQOTOHIlli, 6ioCceHCopHUlli, 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>kaBHHH peecTpaliiiHuii Homep [IiP:
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semisquaraine dye for visual detection and sensing of mercury(Il). Funct. Mater. 2025, 32 (1), 126-133.
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3B'A30K 3 HAYKOBHMH TeMaMH: 0122U002386; 0121U108887; 0122U002200; 0124U004748

VI. BizoMocCTi Ipo HayKOBOT0 K€PiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. KYJIVIK Onecsa I'enHagiiBHa
2. Kulyk Olesia H.

KBasigikamis: k. x. ., gou., 02.00.03
ImenTudikarop ORCID ID: He zactocoyeTrbcs
JoparkoBa indpopmamuist:

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [lepkaBHa HayKoOBa yCTaHOBa HayKOBO-TEXHOJIOT4HMIA

KOMILIEKC "[HCTUTYT MOHOKpUCTaiB" HanioHanbHOI akageMii Hayk YKpainu

Kopg 3a €IPIIOY: 23759880

Micue3Haxoa KeHHs: npocnekT Hayku, Xapkis, XapkiBcbKuii p-H., 61072, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujoHnanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Tatapeu Anartoniit JleoHigoBru4

2. Anatoliy L. Tatarets

KBasigikamis: k. x. ., c.z., 02.00.03
Imentudikarop ORCID ID: He zacrocosyerbes
JoparkoBa iHdopmamist:

TloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOH: [lepkaBHa HayKOBa yCTaHOBa HayKOBO-TEXHOJIOM4HMIA

KOMILJIEKC "[HCTUTYT MOHOKpUCTaiB" HalioHanbHOI akageMii Hayk YKpainu
Kopg 3a €IPIIOY: 23759880

Micue3Haxoa KeHHs: npocnekT Hayku, Xapkis, XapkiBcbKuii p-H., 61072, Vkpaina



dopma BiracHOCTI: JlepxasHa
Cdepa praBJIiHHﬂZ HanjonanbHa akageMid HayK YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiniliHuX OIIOHEHTIB Ta pELl€eH3€HTIiB
OdiuiiiHi OIOHEHTH
BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. Yennem Tetana OnekcanapiBHa

2. Tetiana O. Cheipesh

KBasigikamis: k. x. ., 02.00.04

InenTudikarop ORCID ID: He 3acrocosyetses

JopaTkoBa iHpopmanis:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKuil HallioHaMbHKT yHiBepcUuTeT imeni B. H. Kapasina
Kog, 3a €IPIIOY: 02071205

Micue3Haxoa>KeHHS: maiinan CBo6oy, Xapkis, XapkiBcbkuii p-H., 61022, Vkpaina

dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Kyninida Aunpiit BosioguMuposuy

2. Andrii V. Kulinich

KBasigikanis: n. x. u., c.1., 02.00.03

InenTudikarop ORCID ID: 0000-0002-0857-6632

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOM: [HCTUTYT OpraniuHOi ximii HanjoHanbHoi akanemii Hayk
Ykpainu

Kog, 3a €EIIPIIOY: 05417325

Micue3HaxoaKeHHS: By/. Akanemika Kyxaps, Kuis, 02094, Vkpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiiHHS: HaujoHanbHa akazemist HayK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I10-6aThKOBI:



1. Anan'eBa Banepia BikropiBHa

2. Valeriia V. Ananieva

KBasigikamis: . . 1., gon., 05.18.06
InenTudikarop ORCID ID: He 3acrocosyetses
JoparkoBa indopmamnist:

TloBHe HaliMeHYBaHHSI IOPUAHUYHOI OCOOH: [lepkaBHA HayKOBa yCTaHOBa HayKOBO-TEXHOJIOTYHMIA

KOMILJIEKC "[HCTUTYT MOHOKpUCTaiB" HalioHanbHOI akageMii Hayk YKpainu

Kopg 3a €IPIIOY: 23759880

Micue3Haxoa KeHHS: npocnekt Hayku, XapkiB, XapKiBcbKkuii p-H., 61072, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YkpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. BpunboBa Karepuna IOpiiBHa

2. Kateryna Brylova

KBasigikamis: k. x. ., c.z., 02.00.04
InenTudikarop ORCID ID: 0000-0002-8903-4922
HoparkoBa indopmamnist:

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

KOMILJIEKC "[HCTUTYT MOHOKpUCTaiB" HalioHanbHOI akageMii Hayk YKpainu

Kopg 3a €IPIIOY: 23759880

Micue3Haxoa KeHHS: npocnekt Hayku, XapkiB, XapKiBcbKkuii p-H., 61072, Ykpaina
dopma BracHOCTI: /lepxaBHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpainu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZmoOMOCTi
Biacue Ipizumie Im'st [To-6aTbKOBI Jlincown Bikropis BikropisHa

TOJIOBH pajgu

Biacue IpizBume Im's [10-6aTbKOBI Jlincon Bikropis BikropisHa
TOJIOBYIOYOTO Ha 3acCifiaHHi

BiamoBimaibHUH 32 MiZTOTOBKY IllnpoGokosa Mapis I'eopriisHa
00JIiKOBHX JOKYMEHTIB

PeeCTpaTop [Opuenko TersiHa AHaToJiiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




