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1. B3aemo03B's130K MOPQOJIOTIYHUX Ta CTPYKTYPHUX OCOOGIMBOCTEN MeTajIeBUX HAHOCTPYKTYP 3 edpeKTamMu

i CUJIEHHS HUMU PaMaHiBCbKOI'O PO3CiIHHSA

2. Relationship between morphological and structural features of metallic nanostructures with effects of Raman

scattering enhancement

Pedepar:

1. B pucepTalii BUKIageHo pe3yabTaTy AOCIiIpKeHb MOPQOJIOTiYHUX Ta CTPYKTYPHUX OCOOJINBOCTEN 30JI0THX
HAHOCTPYKTYP 3 e(peKTaMH MiJCUIEHHS] HUMU PaMaHiBCbKOTO PO3CisIHHS MOJIEKyJI-aHaliTiB. Po3pobieHo Ta
mocnimkeHo epextuBHi SERS ninknaaxy, o SBasSI0Th COO00I0 IJIiBKU 3 HAHOYACTUHOK (HY) Tuny «sa1po-06010HKa»
Au-Si02, SiO2-Au. BecranoBneHo, mo s SERS ninkiamok Ha OCHOBI HAHOCTPYKTYpP Au-saapo/SiO2-060710HKa
KoediuieHT nigcunenHs craHoBuTb 102-103 (B 3a71€5XKHOCTI Bif TOBIMHU 060JI0HKM), a 17151 SiO2-Au - 104-105 (B
3aJIEXKHOCTI Bifl KOHLeHTpallii 3os10Tux HY, Ha noBepxHi SiO2 06010HKK). 3Ha4HE MiJCUIEHHS 3yMOBJIEHE iCTOTHUM
36inbpuIeHHSIM edeKTUBHOI TOBEpXHi, Ha fKiil 3HaxoaaThcsl HY 30710Ta i aHamiTa, a TaKOK HAsIBHICTIO B CUCTEMI

«TapsSIYMX TOUOK» 3 BEJIUKOIO HAIPYKEHICTIO eJIeKTPUYHOrO 110J1s1. PO3p0o6seHo Ta JOCIiIKeHo 1Ba TUIIN



edexruBHux SERS nminkianok Ha OCHOBI "HaHO3ipoK". [IpOIEMOHCTPOBAHO, 10 3MiHIOIOYM po3Mipu gapa i BicTps H3
B IIpolieci iX CuHTe3y, MO>KHA HaylalITyBaTU [lapaMeTpH I1JIa3MOHHOro norjyuHaHHs SERS minkiianok Ha HeooxinHy
IOBXUHY XBUJIi 30YIPKYIOUOT0 JIa3€pPHOTO BUIIPOMiHIOBAHHS /171 peasizallii HallKpamux pe3aoHaHCcHUX yMoB SERS-
nificuIeHHS. BCTaHOBIEHO KOPEJIALiI0 MK €KCIIEPMMEHTAIbBHUMU JAHMMU Ta TEOPETUYHO 3MOJIEIbOBAHUM
posmnozinom EM nosnsg no6susy HY. BetaHoBseHo, mo koediuieHT nincunenHs SERS curnany Big minknanok I tummy
ctaHoBUTh 105, a Il Tuny - 106. BctaHOBIIEHO, 110 Ninkianky I TUIy MOXXHA BUKOPUCTOBYBATH [1J1s1 IiarHOCTUKU
SKABUX TKaHWH, OCKIJIbKY KPiM CMYTY IJIA3MOHHOTO IOIJIMHAHHA 3 MakcuMyMoM 600 HM, iM BjlacTUBa CMyra 3
MakcumymoMm 1000 HM, siKa OTpaIsie y BiKHO MPO30POCTi TKaHMH. JOoCigskeHo MOP(OJIOTiuHI Ta ONITUYHI
BnactuBocTi SERS migknanok, copmoBaHux meTonioM iHTepdepenuirinoi doromitorpadii. BusBieHno edpexr
CYTTEBOTO 30iJblIeHHs €(DEKTMBHOCTI paMaHiBCbKOTO PO3CisIHHS Bifl MOJIEKyJI-aHaJIITy 32 PaXyHOK Bifnay Takux
HaHOCTPYKTYP 3 [IONEPEIHbO OCAIKEHMMHU Ha HUX MOJIEKyJIaMU. BcTaHOBIIeHO, o micid Bignany npu T = 420 oC
MOPQOJIOrivHa OJHOPIGHICTb HAHOCTPYKTYP IOJIIIIY€EThCS, 3MiHIOIOThCS IX po3mipu i CTPyKTypa BiAnoBinHO
3MEHIIYEThCS HAIBIIMPHAHA CMYTH IIJIa3MOHHOTO ITOTJIMHAHHS 1 3MillyeThbes ii Makcumymy 3 670 1o 600 HM.
Po3pob6seHo Ta nocaigxkeno SERS minkiaaaky BUTOTOBJIEHI METOJIOM TepMiyHOTrO HanujaeHHs meTadiB. [lokazaHo,
110 32 J,OTIOMOTOI0 TEPMIYHOTO Bifllay TaKMX IUIiBOK B Aiana3oHi Temneparyp Big 200 1o 4500C MO>KHA IJ1aBHO
KepYyBaTH MOJIOKEHHSIM CMYTHY IIJIA3MOHHOTO IOTJIMHAHHS Ta ii (POPMOIO Ta TOYHO HAJIAITYBAaTH HA HEOOXiAHY
TOBKMHY XBUJIi 1711 PE30HAHCY 3i 30y/IKYI0UMM JIa3€PHUM BUIIPOMiHIOBaHHAM. [IpPOJIEMOHCTPOBAHO, 110 TAKOTO
tuny SERS nigxnanku epextuBHO nigcuitooTs SERS-curnan Big mosekys pogaminy 6K i kpucraniyHOro
¢ionetosoro.

2. Dissertation represents results of studies of morphological and structural features of gold nanostructures with
the effects of surface-enhancing Raman scattering (SERS) of analyte molecules. Effective SERS substrates, which
are films based on nanoparticles (NP) of core-shell type - Au-SiO2, SiO2-Au, have been developed and investigated.
It is established that for SERS substrates based on Au-/SiO2 nanostructures, the Raman signal enhancement is
102-103 (depending on the thickness of the shell), and for SiO2-Au - 104-105 (depending on the concentration of
gold NP, on the SiO2 surface shell). The significant increase supposed by high increase of effective surface on
which gold NP are deposited, as well as by the presence in the system of "hot spots" with high electric field
strength. Two types of effective SERS substrates based on "nanostars" have been developed and investigated. It is
demonstrated that by changing the size of the nucleus and the edge of the NP in the process of their synthesis, it is
possible to adjust the parameters of plasmon absorption band of SERS substrates to the required laser excitation
wavelength to realize the best resonant conditions of SERS. The correlation between results of the experimental
data and theoretically modeled distribution of the EM field near the NP was found. It is established that the SERS
signal gain from substrates based on gold “nanostars” 105 - 106. It is established that type II substrates can be used
for the diagnosis of living tissues, since besides plasmon absorption band with a maximum at 600 nm, they are
characterized by a band with a maximum at 1000 nm, which goes into the tissue transparency window. The
morphological and optical properties of SERS substrates formed by interference photolithography have been
investigated. The effect of significant increase in Raman scattering efficiency from analyte molecules due to
annealing of such nanostructures with pre-deposited molecules was revealed. It is established that after annealing
at T = 420 oC, the morphological homogeneity of nanostructures improves, their sizes and morphology changes
respectively the half-width of the plasmon absorption band decreases and its maximum shifts from 670 to 600 nm.
SERS substrates made by thermal deposition of metals have been developed and investigated. It has been shown
that by thermal annealing of such films in the temperature range from 200 to 4500C it is possible to adjust the
position of the plasmon absorption band to the required wavelength for resonance with exciting laser radiation. It
has been demonstrated that this type of SERS substrate effectively amplifies the SERS signal from rhodamine 6G
and crystalline violet molecules.
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