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1. MacuBY HAaHOCTPYKTYp 30J10Ta Ta CPiba [jIsl 3aCTOCYBaHb B [IJIa3MOH-PETyJIbOBaHiN (ioopecieHIii

2. Gold and silver nanostructure arrays for plasmon-controlled fluorescence

Pedepar:

1. Incepranis npUCBs4Y€Ha ONTUMIi3allil METOIiB BUTOTOBJIEHHSI MAaCHBiB HAHOCTPYKTYP 30J10Ta Ta CPibiia
(M71a3MOHHMX HAaHOYMIIIB) 3 [IieJIEKTPUYHMMU IOKPUTTSIMU 117151 334a4 I1JIa3MOH-PETYJIbOBAaHOI (pyitoopecueHii
(TTP®). ITpoBeeHO MOENIOBaHHS, SKe 06a3yeThCsl HA BUKOPUCTaHHI MeToay QyHKLii I')piHa 151 cuctemu
"HaHOYaCTHHKA cpibsa Ha JiesIeKTpUYHIN NigKIaguHLi-po3AibHUN map-@daioopodop” AJ1s po3paxyHKy TOBUIMHU
Ii€JIEKTPUYHOTO [TOKPUTTS, TOBXXUHY XBUJIi 30yIPKEHHS Ta pO3Mipy HAHOYACTUHKY, 110 326€31€4yI0Th MAaKCUMAJIbHY
BeJINYMHY (III00PECLIEHTHOrO BiITyKy Takoi cucTeMu. [TokasaHo, o B IPUCYTHOCTI CKIISIHOI MiAKIaAUHKY, Ha SKil
pO3TalloBaHi HAHOCTPYKTYpH cpibsa pagiycom 20-60 HM, dpakTop nifcuieHHs QioopecleHlii onucyeTbes
HeJIHIMHOIO 3aJIeKHICTIO 3 MaKCMMYMOM IIpU BifiCTaHi Bifi HAHOYACTUKYU 10 ¢rroopodopa B fianasoHi 5-15 HM.
[TokazaHo, 10 MJISIXOM Mif60Py TaKMX IapaMeTpiB TEXHOJIOTIYHOrO NPOLLECY BUTOTOBJIEHHSI MACUBIB HAHOCTPYKTYP

4K: MaCOBa TOBIIMHA BUCOKOIIPOBITHUX OCAIKEHUX IIIBOK i [Ai€JIEKTPUYHOTrO MOKPUTTS, YacC Ta TEMIepaTypa



TEPMIiYHOTO BifiT1ajy, @ TaKOX TUII JieJIEKTPUYHOTO ITOKPUTTS, MOKHA KOHTPOJIbOBAHO Mepebyj0BYBaTH CIIEKTPU
€KCTHHKIiI TAKMX MaCHBIB B fiiana3oHi Big 420 HM 110 820 HM. 32 paxyHOK LIbOTO CTa€ MOKJINBUM OTPUMaHHS TaKoi
TOBXXUHU XBUJIi JIOKaJi30BaHOTO [10BEPXHEBOTO I1JIa3MOHHOTO pe3oHaHcy (J/ITIITP) HaHOCTPYKTYp, siKa 3a0€e311e4nTh,
B 3aJIEJKHOCTI Bif] IOCTABJIEHUX 3a7a4, MiJICUJIEHHS Y TaCiHHY (QJI0OOpPECeHLil TOCTiI)KyBaHOro 6apBHUKA.
[IpuBeneHO pe3ybTaTh JOCIiI)KEHb MOP(OJIOTii Ta ONITUYHMX BJIACTUBOCTEN MAaCUBIB HAHOCTPYKTYP 30JI0Ta Ta
cpibJa 3 fiesIeKTPUYHUMU ITOKPUTTSIMU. BIOCKOHA/IEHO KOHCTPYKIIiIO Ta BUTOTOBJIEHO MTPOTOTHUII JIa3€PHOTO
dmoopumetpa "daooporecT-HaHo", NpoBeEHO JOCTiIKEHHS PII0OpPECLeHLii OpraHiYHMX 6apBHUKIB POJaMiHy
6K, METMIIEHOBOTO CUHBOTO Ta NOPPUPHHY N06JIM3Yy MACHUBIB HAHOCTPYKTYP 30J10Ta Ta Cpibiia 3 AieseKTpUIHUM
OKPUTTSIM. PO3p06JieHO HOBY reTepocrucTeMy [Jis MificuiieHHs PII00OPECLeHTHOIO CUTHATY, IO CKJIaa€eThCs 3i
CKJISIHOI MiIKJIaAUHKYU 3 MACUBOM METAJIEBUX HAHOCTPYKTYP, IOKPUTHUX mapamu SiO2Z, Ta KOMIIO3UTHOI MaTpULi
noniMep-droopodop. [Ipencrasnennii npototun QGoopuMmeTpa 3abesnedye mMBUAKUN (BITPoaoBxk 10-15 xB.)
(III0OpECLIEHTHUIA aHaMi3 Ta MOXKe OYyTU BUKOPUCTAHUI 1J1s MiATOTOBKY (paxiBliB B yHiBEPCUTETCbKUX HaBUYAJIbHUX

Ta JOCJiAHULIBKUX JJa60PaTOPIisIX.

2. The thesis is devoted to the optimization of existing methods of fabrication of gold and silver nanostructure
arrays (plasmonic nanochips) with dielectric coatings on the nanostructures for plasmon-controlled fluorescence
(PCF). By analytical modeling using the Green's function method for the system "silver nanoparticle on the
substrate-coating-dye molecule" the simulations of the coating thickness, size of nanoparticle and exitation
wavelength which provide the maximum fluorescence intensity were carried out. It is shown that in the presence
of a dielectric substrate on which silver nanostructures with a radius of 20-60 nm are placed, the fluorescence
enhancement factor is described by a nonlinear dependence with a maximum at the distance between fluorophore
and nanoparticles in the range of 5-15 nm. It is shown that by controlling the parameters of the technological
process of fabrication of nanostructure arrays such as thickness of the deposited films and the dielectric coating,
annealing time and temperature, type of the dielectric coating it is possible to regulate the localized surface
plasmon resonance wavelength in the range from 420 nm to 820 nm. Thus, it becomes possible to obtain a
necessary resonant extinction wavelength of the nanostructures, which, depending on the tasks, will enhance or
quench the fluorescence signal. The results of the morphological and optical properties of these structures are
presented. The influence of the dielectric coatings of silicon dioxide, aluminum oxide and various polyelectrolytes
on the spectral properties of such arrays for applications in plasmon-controlled fluorescence was studied. The
design of the novel laser-based compact fluorometer "Fluorotest-Nano" is presented. The studies of PCF of organic
dyes rhodamine 6G, methylene blue and porphyrin near gold and silver nanostructure arrays with different
dielectric coatings have been carried out using presented laser fluorometer. A new heterosystem consisting of a
glass substrate, metal nanostructure arrays coated with SiO2 layer and a matrix "polymer-fluorophore” was
developed to enhance the fluorescence signal. The design of the fluorometer prototype "Fluorotest-Nano"
provides fast (within 10-15 min.) fluorescence analysis and can be applied for biochemical and chemical monitoring,
as well as for training specialists in the university and research laboratories
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