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Pedepar:

1. Incepraniiina po60Ta IPUCBIY€HA BUBYEHHS €(EKTIiB Ta MEXaHi3MiB MiJJCUIEHHS ONITUYHUX NI€PEX0IiB MOJIEKYIIN
TUMIiHY 3a gornomMoroo MetoniB SERS Ta SEIRA criekTpocKomii, BAKOPUCTOBYIOYM Pi3HI €JIEMEHTH MiJCUIEHHS, TaKi
SIK YaCTMHKMU 6JIaropoHUX MeTasliB, POTOHHI CTPyKTypH, ByIJlelleBi MaTepianu Ta ix Kom6iHallii. AKTUBHUI
PO3BUTOK HAHOTEXHOJIOTII B OCTAHHIX POKaxX 3yMOBJIIO€ CYTTEBY YBary HayKOBOi CIiJIBHOTU [0 BJIACTUBOCTEN
HAaHOYACTUHOK Ta BYIJIELIEBMX MarepiasiB. OIHUM 3 Hal6iIbI aKTUBHO NOCJIiIKYBAaHUX HANPSMKIB 3aJIMIIAE€THCS
BMKOPHMCTAaHHS CHELiaJbHO CTBOPEHNX HAHOMATEPIaliB [IJIs MiICUJIEHHS CIIEKTPAJIbHOTO OITUYHOIO CUTHAJTY Y
MeToJiax aHasizy, 3okpemMa y Surface-Enhanced Raman Spectroscopy (SERS) ta Surface-Enhanced Infrared
Absorption (SEIRA). MeTaneBi HAHOYAaCTVMHKU y LIMX CUCTEMaX T'€HEPYIOTb [IJIA3MOHHI KOJIMBAHHS, 1[0 CIIPUSIIOThH
3HAYHOMY 301/IbIIEHHIO €JIEKTPOMArHiTHOTO M0oJIs Ha iXHill noBepxHi. Lle nifcuieHe mnose B3aeMolie 3 MOJIEKyJIaMU

PEYOBMHH, 301/IbLIYIOUN iIHTEHCUBHICTb PO3CitoBaHHS cBiTja (y Bunaaky SERS) uu norsmHazHs iHQpayepBOHOTO



cBiTya (y Bunagky SEIRA). OTpumManHs 1ogaTKoBoi iHpopMallii Ipo B3aeMO/IiI0 MOJIEKYJI HA HAHOPIBHi, @ TaKOX
3ATHICTb aHAJI3yBaTU CUTHAJM BiJl HaJ, MaJIOi KiJIbKOCTi pe4OBHUHU, POOUTSD 1ii METOIU IY>Ke IOTY>KHUMU JJIs1
BMBYEHHS (Pi3UYHUX, XiMIYHUX UM 6i0JIOTIYHMX CHCTEM Ha MOJIEKYJISIDHOMY piBHI. ¥V nucepTauiiiHiil po6oTi
[IPENCTaBJIEH] PE3yJIbTaTU JOCIiIKEHb MEXaHI3MIB ITiJCUJIEHHS ONTUYHUX IIEPEXOiB MOJIEKYJIA TUMIHY 3
BUKOPUCTaHHAM Pi3HUX MiCUIIOIOYNX CTPYKTYP. [lo-nepie, ekcnepruMeHTaNbHO BUBYEHO MiICUIIO0Y]
BJIACTMBOCTI 30JI0TMX HAHOYACTUHOK y (pOpMi HAHOBIPOK Ta iX KOMIIO3UTIB 3 rpadeHOBUMU HaHOQ IeIKaMH, B SIKOCTi
nigcumooounx enemeHTiB B SEIRA criekTpockomnii. Bepyuu 1o yBary, 10 OCHOBY peasisalii Iux e(eKTiB CKIaJaloTh
IBa OCHOBHI M€XaHi3MU: €JIEKTPOMArHiTHU Ta XiMiYHUMA, 6YJI0 3aIIPOIIOBOHOBAHO OKPEMUI aHaJli3 BIUIUBY PO3MipiB
Ta GOpMHU HAHOYACTUHOK 6JIarOPOJHUX METaJliB Ha €JIeKTPOMArHiTHY KOMIIOHEHTY IiICUIeHHS Ta BIVIUBY
XiMIYHOTO ME€XaHi3My, IJISXOM [OJAaBaHHS BYTJIELIEBUX HAHOYACTUHOK Y KOMIIO3UT Y KOMIIO3UT. [IoKa3aHo, o
HAHOYACTUHKY, [IJIA3MOHHUI MK IKUX 3MileHo [Y 6iK, BUSBUJISIIOTH Kpallli BJAaCTUBOCTI AJ1s1 e(pekTy SEIRA.
Mosnekynu TUMiHY, acOp60BaHi HA HAHOCTPYKTYpax 30JI0Ta, I€MOHCTPYIOTh KOe(illieHT MiIcUIeHHS NOTJIMHAHHS
[Y-BunpomiHtoBanHs 10 10 pasiB B 3a71€KHOCTI Bif, TUITYy MOJIEKYJISIPHOI TPYIIN. Y TO JKe 4ac IIOMiTHaA CUJIbHA
3aJIEXKHICTb KoeillieHTy MiJCUIEHHS BiJl MOJIEKYJIIPHOI IPYNM TUMiHY NIPY OCAIPKEHHI Ha rpapeHOBi KOMIJIEKCH.
Leit koedilieHT gocsrae 25 pasis A rpynu N1-H, 1m0 roBopuTb PO Opi€HTallil0 MOJIEKYJIM TUMiHY Ha rpadeHi.
[To-gpyre, ekcriepuMeHTaJIbHO BUBUYEHO IIOTEHIliajl BUKOPUCTAHHS KOMIIO3UTY 3 CPiOHNMU HAaHOYACTHHKAMH, Y
[IO€HAHHI 3 BilHOBJIEHUM OKCUJIOM IpadeHy, B IKOCTi akTMBHOI HAaHOCTPYKTYypH 1151 SERS Ta SEIRA
€KCIIEPMMEHTIB, 30KpeMa 3 JeTEeKTyBaHHsI MOJIEKYJI TUMIHY Ta afeHiHy. [TokazaHo, o CUrHalIu 3pasKiB,
[IPUTOTOBAHMX 3 PO3YMHIB MEHIIO] KOHLIEHTPALlii TECTOBOI MOJIEKYJIY AEMOHCTPYIOTh CYTTEBO Kpallle i CUIEHHS,
110 IMOBIPHO, CIPUYMHEHIOETHCS IIOMIPHOIO YaCTUHOIO aHAJIITOBOTO MaTepiaiy, 0 KOHTAKTY€e 3 HAHOPO3MipHUM
cpibsiom Ta rpap€HOBMMHU BKJIIOYEHHSIMU. MaKCUMAaJIbHO NOCATHYTUI Koe(illieHT MiiCUIeHHS 1J1s1 aicHiHy
MEHIIUM, HiX [JI TAMIHY, IO CIPUYMHEHO KPALO0 MPUIATHICTIO BUKOPUCTAHOTO YEPBOHOTO 30YIPKEHHS 1J14
iHmyKLii polecis 3apspoBoro nepexHocy 3 rpadeny Ha piBeHb LUMO Monekynu TuMiny. [To-TpeTe, LociikeHo
nigcumonounii egekr rpadeHoBUx (IeliKiB Ta POTOHHUX CTPYKTYP B paMaH CIEKTPOCKoMmii. [lyig aHasnizy MexaHizMy
iICUJIEHHS BUKOPUCTOBYBAJIACS ieJIEKTPUYHA PE30HAHCHA XBUJIEBOJHA CTPYKTYpa 3 00'€éMHOI0 MOIYJISILIIEI0
NIOKA3HMKA 3aJI0MJIEHHS TUILy 06'€MHA rPaTKa Ha OCHOBI MI0JIIMEPHOrO HAHOKOMITO3UTY Ha CKJISIHIN migkiaaui. Byio
€KCIIEPUMEHTAJIbHO TI0OKa3aHO NIOTEHLIMHY MOXKJIMBICTb 3aCTOCYBaHHS K [E€PIOANYHUX PE3OHAHCHUX XBUJIEBOJIHUX
CTPYKTYP, TaK i ix kombiHauii 3 rpadpeHOBUMU HaHOQIeIKaMU, B SIKOCTI IiICUIIIOI0UKX NiAKIanoK s epekry SERS.
EKcriepMMEHTaJIbHO HiATBEPIKEHO, IO NEPIONMUYHI XBUJIEBOHI CTPYKTYPH MOXKYTb CIIY>KUTHU SK MiJCAIIIO0Y]
[IOBEPXHI Ta MPU3BOAUTY [0 3HAYHOTO IiJICUJIEHHS CUTHAITY ancopboBaHoi mosiekynu (no 100 pasis). Kimovosi
cnosa: epekt SERS, edext SEIRA, xoedinieHT nmigcunenHs Y nornuHanHs, KoedilieHT nincunenHs PamaHiBcbKoi
CIIEKTPOCKOIIii, TUMiH, METaJIeBi HAHOYACTUHKY, ByIJIE€LleBi HAHOMarepiasnu, rpadeH, BilHOBJIEHN OKCUTL, TpadeHy,

PEe30HAHCHI (POTOHHI CTPYKTYPHU.

2. The dissertation is devoted to the investigating the effects and mechanisms of enhancing the optical transitions
of thymine molecules using SERS and SEIRA spectroscopy methods. It involves the utilization of diverse range of
enhancement components including noble metal particles, photonic structures, carbon materials, and their
combinations. The active development of nanotechnologies in recent years has led to significant attention from
the scientific community towards the properties of nanoparticles and carbon materials. One of the most actively
researched directions remains the utilization of specially designed nanomaterials to enhance the spectral optical
signal in analytical methods, particularly in Surface-Enhanced Raman Spectroscopy (SERS) and Surface-Enhanced
Infrared Absorption (SEIRA). Metallic nanoparticles in these systems generate plasmonic oscillations, contributing
to a substantial increase in the electromagnetic field on their surface. This enhanced field interacts with the
molecules of the substance, amplifying the intensity of light scattering (in the case of SERS) or the absorption of
infrared light (in the case of SEIRA). The acquisition of additional information about the interaction of molecules on
the nanoscale, as well as the ability to analyze signals from very small amounts of substances, makes these
methods highly powerful for studying physical, chemical, or biological systems at the molecular level. The
dissertation work presents research findings on the mechanisms of enhancing optical transitions of thymine
molecules using various amplifying structures. Firstly, the enhancing properties of gold nanoparticles in the form



of nanostars and their composites with graphene nanoflakes as enhancing elements in Surface-Enhanced Infrared
Absorption (SEIRA) spectroscopy were experimentally investigated. Considering that the realization of these
effects is based on two primary mechanisms - electromagnetic and chemical, a separate analysis was proposed to
assess the impact of the size and shape of noble metal nanoparticles on the electromagnetic component of
enhancement and the influence of the chemical mechanism by adding carbon nanoparticles to the composite. It
has been demonstrated that nanoparticles with a red-shifted infrared plasmonic peak exhibit superior properties
for the SEIRA effect. Thymine molecules adsorbed on gold nanostructures show an enhancement absorption
coefficient up to 10 times, depending on the type of molecular group. Simultaneously, a significant dependence of
the enhancement coefficient on the molecular group of thymine is observed when deposited on graphene
complexes. This coefficient reaches 25 times for the N1-H group, indicating the orientation of the thymine
molecule on graphene. Secondly, the potential use of a composite with silver nanoparticles in combination with
reduced graphene oxide as an active nanostructure for Surface-Enhanced Raman Spectroscopy (SERS) and
Surface-Enhanced Infrared Absorption (SEIRA) experiments has been experimentally explored, particularly for the
detection of thymine and adenine molecules. It has been shown that signals from samples prepared from solutions
with a lower concentration of the test molecule exhibit significantly better enhancement, likely due to a moderate
fraction of the analyte material in contact with nanosized silver and graphene inclusions. The maximum achieved
enhancement coefficient for adenine is lower than for thymine, attributed to the better suitability of the used red
excitation for inducing charge transfer processes from graphene to the LUMO level of the thymine molecule.
Thirdly, the enhancing effect of graphene flakes and photonic structures in Raman spectroscopy has been
investigated. To analyze the enhancement mechanism, a dielectric resonant waveguide structure with volume
modulation of the refractive index, such as a volume grating based on a polymeric nanocomposite on a glass
substrate, was employed. The potential application of both periodic resonant waveguide structures and their
combinations with graphene nanoflakes as enhancing substrates for the Surface-Enhanced Raman Spectroscopy
(SERS) effect has been experimentally demonstrated. It has been experimentally confirmed that periodic
waveguide structures can serve as enhancing surfaces, leading to a significant signal enhancement of adsorbed
molecules (up to 102 times). Keywords: SERS effect, SEIRA effect, infrared absorption enhancement factor, Raman
spectroscopy enhancement factor, thymine, metal nanoparticles, carbon nanomaterials, graphene, reduced
graphene oxide, resonant photonic structures.
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