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SApemkeBnu A./l. BuBueHHsi eekTiB Ta MeXaHi3MIB HMiJICMJICHHSI ONTHYHUX
nepexoAiB  MOJIEKYJIM THMIHY  MeTaJ-BYIJIeleBUMH  HAHOCTPYKTypaMH. —
Kpasigikaniiina HayKkoBa npaus Ha NpaBax pyKomucy.
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— Kwuis, 2023.

HucepraiiitHa poO0oTa MpUCBSIYCHA BUBYCHHS €(PEKTIB Ta MEXaHI3MIB ITiICHICHHS
ONTUYHUX TMEPEeXOAIB MOJEKYyIM TUMIHY 3a gomomororo MetoqiB SERS ta SEIRA
CHEKTPOCKOMIi, BUKOPUCTOBYIOUM PI3HI €JIEMEHTHU MiJCUJIEHHS, TaKl $K YaCTHUHKHU
0JlaropoAHUX MeTaNiB, GOTOHHI CTPYKTYpPH, BYTJIELIEBl MaTepiaiu Ta iX KOMOIHAIII].

AKTUBHMI PO3BUTOK HAHOTEXHOJIOT1A B OCTAHHIX POKaX 3yMOBJIIOE CYTTEBY yBary
HAyKOBOI CMUIBHOTH J0 BIACTUBOCTEH HAHOYACTHHOK Ta BYTJICIICBUX MartepiaiiB. OqHuM
3 HAOUTbII aKTUBHO JOCIII)KYBAHUX HAMPSAMKIB 3aIMIIAE€THCA BUKOPUCTAHHS CIIELIATBHO
CTBOPCHHX HaHOMATEpialiB I TMiACWICHHS CIIEKTPAIBHOTO ONTHYHOTO CHUTHAIY Y
MeToJax aHaizy, 3okpeMa y Surface-Enhanced Raman Spectroscopy (SERS) ta Surface-
Enhanced Infrared Absorption (SEIRA). MeraneBi HaHOYAaCTUHKH Yy ITUX CHCTEMax
reHepyIOTh  IUIa3MOHHI ~ KOJIMBaHHS, 110  CHOPUAIOTH  3HAYHOMY  30UIBIICHHIO
CJICKTPOMArHiTHOIO TIOJIsI Ha ixHIM moBepxHi. lle migcuieHne mnose B3aemomdie 3
MOJIEKYJIaMd PEYOBUHH, 30UIBIIYIOUM IHTEHCHBHICTH PO3CIIOBaHHS CBiTNA (y BHUIAJKY
SERS) um mnornuuanns iHpadyepBoHoro cBitia (y Bumanky SEIRA). Otpumanns
nonaTtkoBoi iHQopMallii Mpo B3aEMOJII0 MOJIGKYJ Ha HAHOPIBHI, a TaKOX 37aTHICTh
aHaTI3yBaTU CHUTHAIW BiJ HAJ Maloi KUIBKOCTI PEYOBHHH, POOUTH Il METOIU TyXkKe
NOTY>)KHUMH [ BHBYCHHSA (I3UYHUX, XIMIYHUX YW OIOJIOTIYHUX CHCTEM Ha
MOJIEKYJIIPHOMY PIBHI.

[TepcniekTUBHUM € Te, 10 3MIHIOIYH pO3Mip Ta (GOpMYy HAHOUYACTHHOK METaliB a0o
HAIIBMPOBITHUKIB, MOXXHA Y3TOJDKYBaTH I1XHI ONTHYHI XapaKTEPUCTUKHU (HAPUKIIA]
YacTOTy IUIa3MOHHMX KOJHMBaHb) 3 ONTUYHUMH XapaKTEPUCTUKAMHU (4acCTOTOIO
NOTJMHAHHSA YM PO3CIIOBAHHS) TECTOBUX MOJIEKYJ, PO3MIINIEHMX NOOIU3y LHX
HAHOCTPYKTYp. Take OCHIKEHHS CHpPSIMOBAHE Ha PO3YMIHHS BHYTPIIIHBOI B3a€MOJIT
MK HaHOCTPYKTYypaMHU Ta MOJIEKYJIaMH, BIIKPHBAE IBEPl ISl HOBUX MOXKIUBOCTEH Y
po3po011i O10CEHCOpIB, KaTali3aToOpiB, MEAUYHUX JIarHOCTMYHMX 3aco0iB Ta 1HIIUX
NepeloBUX TEXHOJOrid. TakuM YMHOM BHBYEHHS MEXaHI3MIB MIJICUJIEHHS ONTHYHHUX
NEepexoiB MeETajl-BYrJeleBUMU HAHOCTPYKTYpaMU Ma€ TOTEHIaJl He JUIIe IS
30aradyeHHs HAIIOr0 HAYKOBOTO PO3YMIHHS, a W JUIsl TPAKTUYHOTO 3aCTOCYBaHHS y
HIMPOKOMY CHEKTP1 IHAYCTPid Ta HAYKOBUX JOCIIIKEHb.



Meta po60oTH i 3aBIaHHS TOCJTIIKEHb

Mertoro naHoi aucepraiiitHoi poOOTH € eKCIepUMEHTalbHe BUBYEHHS €(EKTIB Ta
MEXaHI3MIB TMIJCWICHHS ONTUYHUX MEPEeXO/iB MOJEKYJId TUMIHY MOOIU3y MeTal-
BYTIJICLIEBUX HAHOCTPYKTYD.

JI1s1 HOCSITHEHHS! TTOCTABJICHOI METH PO3B’ I3yBaJIM TaKi 3a/a4i:

1) po3pobka uyrnuBoi wmetomuku Ha ocHOBI edektiB SEIRA Tta SERS 3
BUKOPHCTAaHHSAM METAJIEBUX, BYIJICIEBUX Ta ()OTOHHUX CTPYKTYD, IS PeeCTpartii i
BHU3HAYEHHS CTPYKTYPHUX OCOOIIMBOCTEH TECTOBUX MOJIEKYT,

2) BU3HAYEHHS ONTUMAJBHUX MApaMeTpiB MIJCUIOIYUX HAHOCTPYKTYp (TUIY
MeTally, TeOMETpii TOBEpXHi, CTPYKTypH Ta METOAy CHHTE3y BYTJCIEBUX
MarepiajliB) Il OTPUMaHHA MakCUMaylbHOro mijcuieHHs [Y mnornuHaHHA Ta
PamaHiBChKOTr0 po3CitOBaHHS aJcOPOOBAaHUMU MOJIEKYJIaMU;

3) KOMIUIEKCHI JOCHI/DKEHHS Ta XapakTepusallil PI3HUX MeTal-ByTJICIEBUX
HAHCTOPYKTYP METOJIaMU: €JIEKTPOHHOI MIKPOCKOII1i, aTOMHO-CHUJIOBOI MIKPOCKOTIIi,
cnektpockomnii B [Y, Bunumiii ta yneTpadioneroBoi (Y®) obnacti, PamaniBchkiit
CIIEKTPOCKOITIi.

4) BuBueHHS 3aJ€XHOCTI KOe(DIMIEHTY MiACWICHHS Bl THUITy TECTOBOI MOJEKYJIH Ta
KUTBKOCTI OCa/KEHOT PEUOBHHHI

5) y3araJibHEHHsI PE3yNbTATIB MPOBEACHUX CIEKTPOCKOMIYHUX JOCHIHKCHB IS
aHai3y BIUIMBY PI3HUX MEXaHI3MIB IT1JICUICHHS.

OCHOBHUWMH 3MICT POBOTH

Y Berymi  OOTpYHTOBYETHCS — aKTyalbHICTh TEMH, 3arajbHl  IOJIOKCHHS,
bopMyITIOETECS METa Ta CTaBIATHCA 3adadi IS 1 JOCATHEHHS, BiJI3HAYAE€THCS HAyKOBa
HOBHU3HA Ta MPaKTUYHE 3HAYEHHS PE3YJIbTATIB IPOBEICHUX JOCITIIKEHb.

Y mnepmomy po3aiii 3po0iieHO OIS JITepaTypu Ta CTaH CY4YacHOTO piBHS
PO3BUTKY JaHOTO HAMPSIMKY JOCIIJKEHb; HaBEJEHI 3arajbHi B1JIOMOCTI IIPO TEOPETHUYHI
3acaJii KOJMBAJIbHOI CIIEKTPOCKOIii, po3riisHyTo Metoauku Y ta Paman cnekrpockomnii,
METOJUKU €KCIIEPUMEHTAIbHUX JOCIIKEHb; PO3IJISIHYTO OCHOBHI MIAXOAU 10 OSCHEHHS
MEXaHI3MIB TMIJCWICHHS, MPOBEACHO aHaji3 poOIT MO0 BIUIMBY PI3HUX IapaMeTpiB
MCHTIOI0UNX eeMeHTIB. OKpeMui MiAMYHKT pO3AUTy TIPUCBSIYCHUI aHaJi3y BYTJICIIEBUX
MaTepiajiB Ta KOMIIO3MTIB Ha iX OCHOBI B KOHTEKCTI IX 3aCTOCYBaHHS B SIKOCTI
niacuirorounx eneMeHTiB y Merogax SERS ta SEIRA.

VY apyromy po3aijii po3risiHyTI eKCIIEpUMEHTAIbHI METOJIMKH, BUKOPUCTAHI K IS
XapakTepu3alii mJICHIIOI0YNX eIEMEHTIB, TaK 1 I CIEKTPAIBHOTO TOCTIKEHHS €eKTy



4

M1JCUJICHHS, BUKJIIMKAHOTO IIUMHU €JIEMEHTaMU Ta iX KoMmOiHamisMu. OKpeMo pO3TIsSHYTO
METO/IM CUHTE3Y BYIJICIIEBUX MaTepiaiiB, iX MepeBaru Ta HeJAOMIIKH.

Tpetiii po3aiji NpUCBIYECHO BUBUCHHIO 30JI0TMX HAHO3IPOK Ta iX KOMIIO3UTIB 3
rpageHoBUMH  HaHOdJeHKkamMu, B AKOCTI miacuimorouux eineMmeHTiB B SEIRA
cniekTpockorii. bepyuu no yBaru, mo ocHoBy peanizaiii epekty SEIRA cknanaroTh aBa
OCHOBHI MEXaHI3MHU: €JEKTPOMArHiTHUN Ta XIMi4HHM, OyJI0 3ampOlOBOHOBAHO OKPEMO
JTOCTIIUTH BIUIUB pO3MIpPIB Ta (OpMHU 30JI0TUX HAHO3IPOK Ta EICKTPOMArHiTHY
KOMITOHEHTY TMIJICWJICHHS Ta MpOaHalli3yBaTH BIUIMB XIMIYHOTO MEXaHI3My, MUISIXOM
nonaBaHHs — rpadeHoBuX  GUIEHKIB y  KOMIO3UT. Y  pO3AUIl  MPEACTAaBICHO
EKCIIEPUMEHTAIbHY XapaKTepU3aIlilo 30JI0TUX HAHYACTUHOK NBOX THUIiB MeTomgoM CEM-
MIKPOCKOITii, HaBEJIeHI iX CIEKTPH ONMTHYHOTO MOTIWHAHHS; JIJATEPAIbHI PO3Mipi, KUTbKICTh
HI1apiB Ta HASBHICTH JOMIIIOK BUKOPHCTAHUX TpadeHOBUX MartepianiB Oyiau BH3HAYEHI 3
BukopuctanHsiaM TEM-mikpockonii Ta PamaHiBCbKUX creKTpiB. s aHami3y miICUIEHHS,
CIPUYMHEHOTO PI3HMMH HAaHOYACTUHKAMH Ta KOMIIO3UTAaMH Ha IX OCHOBI HaBEICHO
cnektpu [Y mornvMHaHHS MOJEKYJIM TUMIHY, OCQJKEHOI Ha CKJIO Ta Ha MiJACHIIONY]
eneMmeHTH. [lokazaHo BIUIMB IIUIBHOI acopOLii OUTBIIOT KUIBKOCTI aHaNITY Ha MOBEpPXHI
rpadgeHy Ha 3arajJbHUM KOe]III€HT MiJICUIICHHS, TTOPIBHSHO 3 aJICOPOIIIEI0 HA HAaHO3IpKaX.
Takox MTPOJEMOHCTPOBAHO BIUIMB OpIEHTAlll TECTOBOI MOJEKYJIM HA CEJIEKTUBHICTh
e(eKTy MiJACUICHHS.

VY 4derBepTOMY pO3aiji MpeACTaBICHO PE3YyJIbTATU JOCIIPKEHHS HAaHOKOMIUJIEKCIB
Ha 0a3l CcpiOHMX HAHOYACTHMHOK Ta BIJHOBIICHOTO OKCHAY rpadeHy s MOBEPXHEBO-
nijcuieHoi cnekrpockonii. 'onoBHoto imeeto 3acrocyBaHHs GO ym rGO B sKOCTI
HNIJCWIIOIOYUX  MIAKIAJ0K € MOXMIIHMBICTh BUKOPUCTAHHS BIA'€EMHO  3apsiIPKEHUX
OKCUTEHOBMICHUX TPYIl Ha MOBEPXHI IUX MaTepialiB i MIJBUIIEHHS aJcOopOIIil aHaliTy
ab0 B SKOCTI SKOPIB i1 yTBOPEHHS OUIBII KOHTPOJbOBAHOI CTPYKTYpPH TOBEpPXHI
MmeTasnieBux HaHoyacTMHOK. Kommiexkc Ag/rGO Oyno CHHTE30BaHO METOJOM METOJ0M
OJTHOYACHOTO TUIa3MO-1HIyKOBAaHOTO BiMHOBIEHHS BogHOTO po3umHy AgNO; Ta GO.
Po3smipu Ta posmomin cpiOHMX HAHOYACTHHOK Oyniu omiHeHi 3 BukopuctanHsm CEM
Mikpockorii. UV-vis CHEeKTpOCKONis BUKOPUCTOBYBaJIacs JMJig BU3HAYEHHS IIKY
MOBEPXHEBOTO TJIA3MOHHOTO PE30HAHCY, MOJIOKEHHS SIKOTO TMIATBEPANIO HEBEIUKHIMA
po3mip HaHo4yacTUHOK. [lincumioroui BnactuBocTi Ag/rGO OysiM KOMILJIEKCHO JTOCIHIIKEH1
merogamu SERS Ta SEIRA crmekTpockomii, BH3HAY€HO MaKCHMaJIbHI KOE(QILIEHTH
MIJCUICHHS Ta MEXY JI€TeKTYBAaHHS JJIi TECTOBHX MOJIEKYJ. 3 METOI0 MOAaNbLIOro
aHaJTI3y MEXaHI3My MiJACWICHHS, MPOBEICHO IOPIBHSIHHSA OTPUMAHMX PE3yJIbTAaTIB s
TUMIHY Ta aJIeHiHy, OOrOBOPEHO BIUIMB MEXaHI3My NEpEeHECeHHsS 3apsiy Ha 3arajbHe
1 JICUJICHHS.



IPsaTuii po3aisl NpuUCBAYCHO JOCHIKCHHIO MIJICUIIIOIYOTO eeKTy TrpadeHoBUX
bnelikiB Ta (GOTOHHUX CTPYKTYp B paMaH crekTpockomii. JIjisi aHamilzy MeXaHi3my
MIJICUICHHS BUKOPUCTOBYBAJIacd [i€JIEKTPUYHA PE30HAHCHA XBWJIEBOJIHA CTPYKTypa 3
00’€MHOI0 MOJYJIAIIEI0 TOKa3HWKA 3aJIOMJICHHS TUIy O0’€MHa TpaTka Ha OCHOBI
MOJIIMEPHOTO HAHOKOMITO3UTY Ha CKISAHIN migkmanmi. OCKinbKHM B YMOBaX PE30HAHCY
eJIEKTpUYHE Tosie moOnu3y BiIbHOT moBepxHi PXC (JokambHE MOJE) MOXKE 3pOCTaTH y
necsaTku-coTHi pasziB, PXC MOXyTh 3aCTOCOBYBAaTHUCh SIK MIJACHUJIIOBAYl CHUTHAJIB B
PamaniBcrkiii criektpockomii. [[is mocmimkeHHsT eQekTy miacuiaeHHsT Oyia BUKOPUCTaHA
PXC, mo 3a0e3neuyBana CHIBINAAIHHA CMYTM PE30HAHCY 3 JIOBXKMHOK XBUJIl 30y KEHHS
632.8 HM Npu HOPMAJIBHOMY MNaJiHHI 30y/KYIHOUOro BUIPOMIHIOBAHHSA Ha rpatky. Jlis
JT0JIATKOBOTO JOCIIPKEHHSI XIMIYHOTO MEXaHI3My MiJcuiieHHs, Ha noBepxHio PXC Oynu
HaHeceH1 TpadeHoBi (ielku, po3Mip Ta KUIBKICTh MIAPIB SKUX OyJ0 BU3HAYEHO METOJIOM
ACM. Takox HasBHICTb JOMIIIOK OyJI0 mepeBipeHo meToaoM Paman crekTpockomii. Y
pO31UIl PO3MISIHYTO PamMaHIBChKI CIIEKTPU MOJICKYJT TUMIHY, OCAJKEHUX Ha TOJIIMEPHIN
nigknag  (pedepentniit), PXC rta kommiexkcy PXC/rpaden. Kpim  Toro
EKCIIEPUMEHTAILHO MPOJIEMOHCTPOBAHO HENIHINHY 3aJ€KHICTh KOCPIIIEHTY MIICUICHHS
B1JI KiJTIbKOCT1 OCaJPKEHOT'0 aHAITITY.

HaykoBa HOBH3HA 0Jep:KaHHX Pe3yJbTaTiB MOJSATaE B TOMY, IIO BIEpIIe OyiH
OTpHUMaHI1 TakKi pe3yIbTaTH:

1. JocmimkeHo MeXaHI3MH MiJACUJIECHHS ONTUYHUX MEPEeXO/iB MOJIEKYJIU THUMIHY
merogamu SERS ta SEIRA ancopOoBaHux Ha pi3HOMaHITHI MiJCHUIIIONYl CTPYKTYpH
(30JI0TI HAHO3IPKU JBOX THUIIB 3 TpadeHoBUMH (dielikaMu, CpiOHI HAHOYACTHUHKH 3
BIJTHOBJICHUM OKCHUJOM TpadeHy, 00’eMHa pe30HAHCHA XBUJIEBOAHA CTPYKTypa 3
rpadeHoBuMU drieiikaMn);

2. Bmepiie mpoBeIeHO CUCTEMATUYHE JTOCHIKEHHS BIUIMBY HU3KHU (akToOpiB (THMy Ta
reoMeTpii HAaHOYACTHMHOK METaly, THUIy BYTJEIEBOTO Marepiamxy, KUIbKOCTI
0CaJDKEHOTO MaTtepiany, TUITy MOJICKYJIIpHUX TpyN) Ha mifcwieHHs [Y nmornmuHaHHs Ta
PamaHiBChKOr0 pO3CiIOBaHHS MOJIEKYJI TUMIHY aJICOPOOBAHUX HA 30JI0THX HAHO31pKaX
Ta IX KOMIUIEKcax 3 rpaeHoBUMHU (QrieiikaMu, CpiOHMX HAHOYACTHHKaX, Ta IX
KOMIUIEKCax 3 (uielikaMu BIJHOBJIEHOTO OKCUAY TpadeHy, o0’€MHiil pe30HaHCHIN
XBUJIEBOJIHIN CTPYKTYpI, Ta ii KOMILIEKC1 3 Tpad)eHOBUMH (PiieiKamu;

3. IlokazaHo, 1m0 0OpH BUKOPUCTaHHI BCIX THUIIB MiJACWIIOIYUX HAHOCTPYKTYP,
nomaBaHHs rpadeHonoaionux martepianiB migcuwioe epektu SERS ta SEIRA 3a
paxyHOK XIMIYHOTO MeXaHi3My. BIJIUB XIMIYHOTO MeEXaHi3My  IJICHJICHHS
BYIUICIICBUMH MaTepiajaMu KOJIMBaBcs Bija 2X 70 10 pa3iB MiJCUIICHHS B 3aJIEKHOCTI
BiJl MaTepialy Ta MOJEKYJISIPHUX TPYIl TUMIHY;
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4. TlokazaHo, M0 MaKCHMalbHE MiACHIECHHS Moxe 3poctatd n0 100 pasiB 3a ymoBHU
OCaKCHHS MaJIo1 KUJIBKOCTI MOJIEKYJI TUMIHY (OJIM3bKO J10 OJTHOTO MOHOIIIAPY);

5. Brmepiie ekcrepuMEHTaIhbHO TIOKa3aHO MOJKIUBICTh 3aCTOCYBaHHS IEPiOJIAIHHIX
PE30HAHCHUX XBHJIEBOJHUX CTPYKTYP B SKOCTI MIJCHIIOIOUUX MIAKIANO0K JUIsl €PEeKTy
SERS.

IIpakTH4YHe 3HAYEHHS OJIeP:KAHUX Pe3yJIbTATIB

3actocyBanHsa edektiB SERS ta SEIRA nae 3mory 30UIbIINTH IHTEHCUBHICTh
ONTHYHUX CHUTHAJIB Ta BUABUTH HH3KY CHEKTPAJIbHUX IMPOSIBIB CTPYKTYPHHUX
0COOJIMBOCTEM MOJIEKYJT THUMIHY. 3HaWI€HO YMOBM i 301IbIIEHHS €(EeKTUBHOCTI
edextiB SERS Tta SEIRA. 3aBasku 1poMy BAalocs 3apeecTpyBaTh KOHIEHTpaIlii
TECTOBOI PEUOBHHU, IO OyJa HEJOCSHKHOIO 3BUYafHUMK MEeTo/laMU. BCcTaHOBJIEHO BIUIMB
dbopMHu Ta TUITY SIK METAJIEBUX TakK 1 BYTJICIIEBUX HAHOYACTUHOK Ha MIJACUJICHHS B eheKTax
SERS Ta SEIRA. Takox OImiHEHO BKJIA]l €JIEKTPOMArHITHOTO Ta XIMIYHOTO MEXaHI3MIB Y
MiJICWICHHS N1 METAN-BYIJICIICBUX KOMIO3UTIB pPi3HUX THMIB. OTpuMaHi pe3yiabTaTh
MOKHA HaJaJi BUKOPUCTATH I CTBOPEHHS 3pYYHOTO 1 YyTIMBOTO CEHCOpa HAa OCHOBI
edextiB SERS ta SEIRA 11 neTekTyBaHHS MajinX KUTbKOCTEH pEYOBUHHU.

Kirwuosi cioBa: ebekr SERS, edpexr SEIRA, koedimient migcunenHs [Y
MOTJIMHAHHS, KOE(IIIeHT TMmiacuiaeHHsT PamaHIBCbKOI CHEKTPOCKOMIi, TUMiH, METaJeBl
HAHOYACTUHKH, BYTJICNIEBI HaHOMaTepiasm, rpadeH, BITHOBICHUW OKCHA TpadeHy,
pe30oHaHCHI (POTOHHI CTPYKTYpH.

SUMMARY

Yaremkevych A.D. Studying the effects and mechanisms of the enhancement
of optical transitions of thymine molecules using metal-carbon nanostructures. —
Manuscript.

Thesis for the degree of Doctor of Philosophy, specialty 104 "Physics and
Astronomy" - Institute of Physics of the National Academy of Sciences of Ukraine. -
Kyiv, 2023.

The thesis 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.

Recent advancements in nanotechnology have sparked considerable attention within
the scientific community toward the properties ofnanoparticles and carbon-based
materials. Among the most extensively explored areas is the use of purpose-designed
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nanomaterials to enhance the spectral optical signal in analytical techniques, notably
Surface-Enhanced Raman Spectroscopy (SERS) and Surface-Enhanced Infrared
Absorption (SEIRA). Within these systems, metal nanoparticles induce plasmonic
oscillations, significantly amplifying the electromagnetic field on their surfaces. This
intensified field interacts with molecules, boosting either light scattering intensity (in
SERS) or absorption of infrared light (in SEIRA). Gaining extra insights into molecular
interactions at the nanoscale, along with the capability to analyze signals from minute
substance quantities, makes these methods highly effective for exploring physical,
chemical, or biological systems at the molecular level.

The prospect lies in modifying the size and shape of metal or semiconductor
nanoparticles to align their optical characteristics, like plasmonic frequency, with the
optical features, such as absorption or scattering frequency, of nearby test molecules. This
investigation aims to comprehend the inherent interaction between nanostructures and
molecules, unlocking doors for novel advancements in biosensors, catalysts, medical
diagnostic tools, and other pioneering technologies. Thus, studying the mechanisms that
enhance optical transitions through metal-carbon nanostructures holds promise, not just for
advancing our scientific comprehension, but also for practical applications across diverse
industries and scientific research endeavors.

The main purpose of the work and research tasks

This work aims to experimentally explore the effects and mechanisms that amplify the
optical transitions of thymine molecules near metal-carbon nanostructures.

To fulfill this objective, the following tasks were undertaken:

1) Development of a sensitive methodology based on SEIRA and SERS effects using
metallic, carbon, and photonic structures to register and define the structural
features of test molecules;

2) Identifying the ideal parameters for amplifying nanostructures (metal types, surface
geometries, structural configurations, and methods for synthesizing carbon
materials) to attain maximal enhancement in both infrared absorption and Raman
scattering by adsorbed molecules;

3) Comprehensive research and characterization of diverse metal-carbon
nanostructures using electron microscopy, atomic force microscopy, infrared,
visible and Raman spectroscopy methods;

4) Studying the correlation between the enhancement coefficient and the type of test
molecule, along with the quantity of deposited substance;

5) Summarizing the outcomes of spectroscopic investigations to analyze the impact of
diverse enhancement mechanisms.



MAIN CONTENTS OF THE WORK

The introduction establishes the topic's relevance, outlines general concepts,
defines the purpose and objectives, emphasizes the scientific novelty, and underscores the
practical significance of the research outcomes.

In the first chapter, a comprehensive literature review and an overview of the
current advancements in this research domain are presented. This encompasses
fundamental insights into vibrational spectroscopy principles, discussions on
methodologies in IR and Raman spectroscopy, approaches to experimental investigations,
an exploration of primary enhancement mechanisms, and an analysis of studies focusing
on the impact of diverse enhancement parameters. A distinct subsection within this chapter
delves into the analysis of carbon materials and their composite forms, specifically in their
role as enhancing components within SERS and SEIRA methodologies.

In the second chapter, various experimental techniques are discussed. These
methods serve for characterizing enhancing components and for spectrally investigating
the enhancement effect induced by these elements and their combinations. Additionally, a
separate analysis delves into the synthesis methods of carbon materials, outlining their
advantages and limitations.

The third chapter focuses on examining gold nanostars and their composites with
graphene nano-flakes as enhancing elements in SEIRA spectroscopy. Considering that the
implementation of the SEIRA effect comprises two primary mechanisms - electromagnetic
and chemical - a separate investigation was proposed. This entailed studying the impact of
gold nanostar sizes and shape on the electromagnetic enhancement and analyzing the
chemical mechanism by integrating graphene flakes into the composite. The chapter
entails experimental characterization using SEM microscopy of two gold nanoparticle
types alongside their optical absorption spectra. TEM microscopy and Raman spectra were
employed to determine the lateral size, layer count, and impurity presence in the utilized
graphene materials. In examining the enhancement induced by diverse nanoparticles and
their composites, infrared absorption spectra of thymine molecules on both glass and the
enhancing elements are included. The chapter illustrates the influence of densely adsorbed
analytes on the graphene surface compared to nanostar adsorption, affecting the overall
enhancement coefficient. Furthermore, it highlights how the orientation of the test
molecule impacts the selectivity of the enhancement effect.

In the fourth chapter, the research findings of nanocomplexes involving silver
nanoparticles and reduced graphene oxide for surface-enhanced spectroscopy are
presented. The primary concept behind using GO or rGO as enhancing substrates lies in
leveraging the negatively charged oxygen-based groups on their surfaces to enhance
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analyte adsorption. Moreover, these substrates can function as anchors, allowing for the
creation of a more controlled surface structure for metal nanoparticles. The synthesis of
the Ag/rGO complex involved the simultaneous plasma-induced reduction of an aqueous
solution containing AgNO3 and GO. The sizes and distribution of the silver nanoparticles
were assessed using SEM microscopy, while UV-vis spectroscopy determined the surface
plasmon resonance peak, validating the nanoparticles' small size. The enhancing
capabilities of Ag/rGO were extensively studied using SERS and SEIRA spectroscopy
methods, determining maximum enhancement coefficients and detection thresholds for
test molecules. To further analyze the enhancement mechanism, a comparative analysis
was conducted between the outcomes obtained for thymine and adenine, discussing the
influence of charge transfer mechanisms on the overall enhancement.

Section five delves into examining the amplification effect of graphene flakes and
photonic structures within Raman spectroscopy. To analyze the enhancement mechanism,
a dielectric resonant waveguide structure (RWS) with refractive index modulation, which
is a kind of a volume holographic grating founded on a polymer nanocomposite substrate,
was employed. Under resonance conditions, the electric field proximate to the free surface
of the RWS (localized field) can increase by tens to hundreds of times, making RWS a
viable candidate for signal enhancement in Raman spectroscopy. To investigate the
enhancement effect, a RWS was aligned to resonate with the 632.8 nm excitation
wavelength under normal incident excitation on the grating. For further exploration into
the chemical enhancement mechanism, graphene flakes were deposited onto the RWS,
their dimensions and layer count assessed using AFM. The presence of impurities was
checked through Raman spectroscopy. This chapter discusses Raman spectra of thymine
molecules on the polymer substrate (as a baseline), the RWS, and the RWS/graphene
complex. Additionally, experimental evidence illustrates a nonlinear correlation between
the enhancement coefficient and the amount of deposited analyte.

The scientific novelty of the obtained results lies in the fact that such outcomes
were first time reported:

1. The mechanisms of enhancing the optical transitions of thymine molecules absorbed
on various enhancing structures such as two variants of gold nanostars integrated with
graphene flakes, silver nanoparticles paired with reduced graphene oxide, and a
resonant volume waveguide structures involving graphene flakes were investigated
using SERS and SEIRA methods;

2. a systematic investigation was conducted on the influence of several factors (metal
nanoparticle type and geometry, carbon material type, deposited material quantity,
molecular group type) on the enhancement of IR absorption and Raman scattering of
thymine molecules adsorbed on gold nanostars and their complexes with graphene
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flakes, silver nanoparticles, and their complexes with flakes of reduced graphene
oxide, volumetric resonant waveguide structures, and their complexes with graphene
flakes;

3. It was demonstrated that with the use of all types of enhancing nanostructures, the
addition of graphene-like materials amplifies SERS and SEIRA effects through a
chemical enhancement mechanism. The impact of chemical enhancement by carbon
materials varied from 2 to 10 times enhancement depending on the material and
thymine molecular groups;

4. It was shown that maximum enhancement can increase up to 100 times with the
deposition of a small quantity of thymine molecules (approximately to a monolayer);

5. For the first time, the experimental possibility of applying periodic resonant
waveguide structures as enhancing substrates for the SERS effect has been
demonstrated.

The practical significance of the obtained results

The application of SERS and SEIRA effects allows increasing the intensity of
optical signals and detecting a range of spectral manifestations of structural features of
thymine molecules. Conditions have been identified to enhance the efficiency of SERS
and SEIRA effects. This has enabled the registration of concentrations of test substances
that were previously unattainable using conventional methods. The influence of the shape
and type of both metallic and carbon nanoparticles on the enhancement in SERS and
SEIRA effects has been established. Additionally, the contribution of electromagnetic and
chemical mechanisms to enhancement in various types of metal-carbon composites has
been evaluated. The obtained results can further be utilized in developing a convenient
and sensitive sensor based on SERS and SEIRA effects for detecting small quantities of
substances.

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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