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Jlucepmayis npucesuena NOCTIKEHHIO Ta PO3pOOIl METOIUKH OJCP KaHHS
KOMITO3UTHHUX MaTepiaiiB, Kl MalTh METPOJIOTIYHO CTIWKI IMapaMeTpH, II0J0
MIACUICHHS PaMaHIBCBKOTO pPO3CIIOBAHHS CKJIAQJHMX OpraHIYHUX Ta O10J0TTYHUX
MoJiekyJl. 1[I KOMIO3UTH € MepCrneKTUBHUMU JUIsi BUKOPUCTAHHS, SIK Y O10CeHcopax,
TakK 1 B IHIIUX BUpOOax JyIsl KaniOpyBaHHS CHEKTpajabHOro oOnaaHanHs. [Ipu mpomy
BAXKJIMBO, 1[0 HABEJEHI METOIU JAI0Th MOXIJIMBICTH OTPUMYBATH BUCOKOJOOPOTHI
PE30HAHCHI CTPYKTYPH, IO € CTIHKI JO XIMIYHOTO Ta MEXaHIYHOTO BIUIMBY 1 MalOTh
ctabinpHy yactoTy Dpenixa.

CyyacHl BHUCOKOTOYHI CIEKTPOMETPUYHI METOAU JIOCHIPKEHHSA JaloTh
MO>KJIMBICTh BHBYATH TOTOJIOTiII0 Ta KOH(pOpPMAIIIO0 CKIAAHUX MoJieKysl. OmHuM 3
METO/IIB MiJBUILECHHS YYTJIWBOCTI CHEKTPATbHUX MPUJIAJIIB, 10 HAJA€ MOXJIUBICTh
JIETEKTyBaTH PEYOBHMHU B HAIMAJIMX KOHIEHTpPAIISX € MIJACHICHHS IOBEPXHEIO
kKoMOiHaliiHe posciroBanHs cBitia (SERS). B mpomy wMetomi 3a3Buyaii
BUKOPHCTOBYIOTh HAaHOYACTMHKH MeTaliB po3mipom Big 15— 50 HM, a B poborti
JOCIIKEH HAaHOYACTUHKHU 30J70Ta 5 — 10 HM. ['paHynu yTBOPIOIOTH KOMIIO3UTHY
CTPYKTYpY 3 MPO30pPUM CEpPEJOBHUIIEM MIAKIAIKH, B SKIA CIOCTEPIrae€ThCsi CMYTa
IJIa3MOBOTO TIOTJIMHAHHS, BIJMOBIJIHA JO KOJIMBaHb IUIa3MHU BIUIBHUX EJIEKTPOHIB.
OpHak iCHYIOYM METOIUKHU C(OKYCOBaHI Ha CTBOPEHHI KOJIOIAY y pOo3unHax, abo Ha
MIKJIaJIKaX 3 MITKOIO O€3 BUCYIITYBaHHS 3pa3Ka, [0 HE JJa€ MOXKJIMBOCTI OTPUMYBATH
Metposioriune ctabinpamii curHan SERS. Edext mmasmoBoro peszonancy Ta ioro
BukopuctanHsa y SERS Binomi 1aBHO, Ta IHTEpEC 10 CTBOPEHHSI HOBUX METPOJIOTTYHHUX
METOJIMK JICTEKTYBaHHS MOJIEKYJI OCTaHHIM 4acOM CYTTEBO 3picC.

Kommo3utamit MmaTepia, 1o yTBOPIOETHCS 3a TIOMTOMOT OO JIA3ePHO1 IMIUIAHTAITii

IPaHYJISIPHOI IUTIBKM 30J0Ta Yy TMPUINOBEPXHEBHUM IIap TJIABICHOTO KBaplly HaAae



MOKJIMBICTh CTBOPUTH MeTaMaTepiasl CTIMKUN 10 XIMIYHOTO Ta MEXaHIYHOTO BIUIUBY
Ta TaKu#, 110 Ma€ BUCOKOAOOPOTHHI pe3oHaHC. [lo 1bOro 4acy BiCYTHI METOJIUKU
CTBOPEHHSI TAaKUX METPOJIOTIYHO JIE€TEPMIHOBAHMX KOMIIO3UTIB. | xoua cmpoOu
Ja3epHUX TEPMIYHUX IMIUTAHTAIlIA 3070Ta Ta cpibjia y MPUIIOBEPXHEBUH ImIap Oyiu
3MIIHCHEH1 HU3KOIO aBTOPIB, y IUCEPTALlii 11 METOuKa OyJia BIOCKOHAJIEHA Ta Hajana
MO>KJIMBICTh CTBOPIOBATH MeTaMaTepial 3 Harepe/| 3aJaHUMU BIIACTUBOCTSIMU.

CyyacHuil pO3BUTOK YHCEJIBHOIO MOJICNIOBAaHHS HAJa€  MOKJIUBOCTI
pO3paxyHKy (i3MYHUX BIACTHBOCTEH TOMOJOTIYHO CKJIATHUX HaHOMartepiamiB. Tomy
y po0OOTI HaBENEHI YHCEIbHI PO3PAXyHKH MOJOBOTO CKJIATy CKJIQJHOi TOMOJIOTil
HAaHOYACTHUHKHU 30JI0Ta Ta €PeKTUBHOrO iHAeKCYy pedpaxiiii moxa. Takox yucenbHO
OyJio po3paxoBaHe OJMKHE MOJIE y «rapsiuiil TOYIl» HAHOYACTHUHKHU 30JI0Ta Ta OYyJIO
BCTAHOBJICHO €(eKT 3B’sA3yBaHHS MOJ M1 HAHOYACTMHKAMU Ta KOJIMBAIbHUMHU
PIBHSIMHM €HEprii MOJIEKYJISIPHOI Ipyly, IO BiANOBiIAa€ AUNOILHOMY nepexony. JlaHi
OyJl0o MIATBEP/KEHO B EKCIIEPUMEHTax 3 OaraTomapoBUM CKJIaJOM IUTIBOK.
BcTanoBiieHO, 110 3B’SI30K CIIOCTEPIraeThes HA BiACTaHIX 10 50 HM, IO BiAMOBITaE
OJIMKHIA 30HI. BCTaHOBIEHO, 10 HAa TaKUX BIACTAHSIX MOYKHAa BHKOPHCTOBYBATHU
MOJIEJTb JUTOJIEHOTO OCIMJIATOPA JIJIsl OMIMCY HAHOYACTUHOK METAJIIB.

UucenpHI pO3paxyHKH MOJEKYJ BiJOMI JIaBHO, aj€ CKJIQJHICTh O10JOTTYHHUX
MOJIEKYJT Ha/Ia€ MO>KJIMBOCTI TIPEICTABUTH MOJICKYJIM y BUTJISII KBAHTOBO-MEXaHIYHOT
CUCTEMHU Ta BU3HAYUTH OCHOBHI ii MapaMeTpH: TEH30p MOJSIPU3YEMOCTI, KBAHTOBO-
MEXaHIYHl €HEepreTUYH1 PIBHI Ta AICJEKTPUYHY HPOHUKHICTH MeTaniB. CroponieHa
METO/IMKA PO3PaxyHKy [IeJIEeKTPUYHOI MPOHHKHOCTI Pomaminy 6G HaBeneHa y
aucepTanii Ta BKa3aHO, IIO TaKy METOAWKY MOXHa 3aCTOCOBYBAaTH JO BEJIHMKHX
Mosiekyd. lle po3mmproe MOKIMBOCTI Y YHCEIBHOMY MOJCIIOBAHHI II1JCHUJICHHS
PamaniBchkoro po3citoBaHHS Ol0JIOTIYHMMH MOJICKYJIaMA Ha BHUCKOJIOOPOTHUX
PE30HAHCHUX CUCTeMax. PaMaH-CIEKTPOCKOMIs Ma€e Ba)XJIMBE 3HAYCHHS Yy Cy4aCHUX
010(I3MYHUX MOCTIKCHHSIX. AJie KUIBKICTh JOCTIIHKeHb BKpail oOMeEkeHa Ta He
HOCUTh CHCTEMHOTO XapakTepy MO0 CHEKTPIiB TOKCHUYHUX MOJIEKYJ Ta CIIEKTPIB
PEUYOBHH, IO YTBOPIOKOTHCA y Tpolieci OIOXIMIYHMX peakIlii IMX TOKCHHIB 3

(depMeHTaMu, 110 YTBOPIOIOTHCS MiA 4yac iIMyHHOI Biamosimi. Tomy y auceprarii



HaBeJIeHA METOJIMKAa BU3HAYEHHS MPUCYTHOCTI TOKCUYHOI pedyoBUHU BoTynoTokcuny
A (BoNT A) y cupoBaTiii KpoBi XBOpUX HAa MIaCTEHIIO.

3a3HaueHe BUIIEC BU3ZHAYAE aKMYAlIbHICMb POOOMU.

HuceprariitHa po6oTa HaJII4y€e YOTUPH PO3ILIH.

Ilepwuii po30din, NpeACTaBIse JNITEPaTypy, IO CTOCYEThCS TEMU TUCEpTAIlli,
BKJIFOYAIOYM ONTHUYHI BJIACTUBOCTI IPAHYJIHOBAHUX IUIIBOK 30J10Ta. XapaKTEPUCTUKU
OMKMCAHOr0 Marepiaidy CIy>KaTb OCHOBOIO ISl pO3paxyHKy dactotu Ppernixa Ta
BU3HAUEHHS CMYTH IJIa3MOBOTO PE30HAHCY. Y IIbOMY PO3/ALII TaKOX HABOASITHCS
riOpuIHI MOJIM B METaJIEBUX HAHOYACTHUHKAX 1 OMMKUCYIOTHCS METOIN PO3PAXYHKY IOJI1B
B OJMKHIA 30HI. TE€OPEeTHYHO ONMUCAHO SIBUILE TIrAaHTCHKOTO KOMOIHALIMHOIO
poscitoBanHss (I'KP). Posrnsgarorbcsi OCHOBHI MIAXOAW — EJIEKTPOJMHAMIYHUN Ta
KBaHTOBO-MEXaHIYHUM, 1[0  JO3BOJISIOTH MOSICHUTH  TPUPONY  IMiJICUIICHHS
KOMOIHAI[IMHOTO PO3CIIOBaHHS KOJUBAIBHUX MEPEXO/IIB Y MOJIEKYII.

Takoxx jgeTanpbHO ommMcaHi OloXiMiYHI BIacTUBOCTI Moyiekynan BONT,
PI3HOMAaHITHICTh CEPOTHUIIIB Ta MEXaHI3M B3a€MO/IIi 3 )KMBUMHU opraHizMamu. Takox
HaBegaeHl Metoau BusBiaeHHa BoNT A, ommcaHa iX OOMEXEHICTH Ta
PO3MOBCIOKEHICTh iX 3aCTOCYBaHHA B KJIHIYHIN 010XiMil. 3 IUX JaHUX 3PO3YMLIIO,
0 BUKOPUCTAHHS BIJIOMUX METO/IIB BPaXOBY€E MEPIIOUYEPTOBE PO3YMIHHS CUMIITOMIB
naIiexTa JJisl OITyKy MOJIEKYJIM TOKCUHY. Y BHUIIJKY, KOJU IEPBUHHI CUMIITOMHU HE
€ TIOKa30BMMHU Ta/a00 IMyHHA BIAMOBI/b OPTaHi3My BIUTHMHYJIA Ha pe3yJIbTaT, MOIIYK
came BONT crae ycknanHeHuMm, ajke aHalli3 3aJIKUTh Bl KOHKPETHUX PEarcHTIB,
TaKMX SK ONTHYHI PENopTepH, MEeNnTUAHI cyOcTpaTu abo aHTUTINA, cHerudivHl 10
LbOI'O TOKCHHY Ta MEBHOro cepotuiy. OnucyeTbesa 3MiHa MPOQUII0 LHUTOKIHIB NpU
00TyJi3MI Ta MPOBEACHUN JIITEpAaTypHUN aHai3 MOPIBHIHHS 3 IMyHHOIO BIAMOBIJITIO
MIPU MiaCTEHIYHOMY 3aXBOPIOBAHHI.

Jlpyeuti po30in onmMCy€ EKCIEePUMEHTAJIbHI METOJM Ta MepeiiK oOJiagHaHHS,
BUKOPUCTAHOTO B eKcriepuMeHTi. [linTBepmKyeThCsi HOTO BIAMOBIIHICTh CYyYaCHUM
METPOJIOTIYHUM CTaHAapTaM 1 CBO€YACHE KallOpyBaHHsS OOJIaIHaHHS Mepe] KOKHUM
EKCIIEPUMEHTOM. Y PO3JAUT TaKOX OIMUCYETHCS METOJ 3a00py KpOBI Ta MIpolieaypa
BUpPOOHUIITBA cHpOBaTKH. OKpPEeMO BHKIAJCHO CHOCIO TMiJATOTOBKH PE30HAHCHOI

nimcna)mn IUIAXOM TEPMOBAKYYMHOI'O OCA/’KCHHSI MCTaJly Ha OINTHUYHC KBApIOBC



ckJ10. OnucaHo METOIMKY JIa3epHOI IMIIaHTALlli 33 TOMOMOTO0 ABOJIA3E€PHOI CUCTEMH.
Haseneno omuc yucensHoro anmroputmy FDTD, a Takox METOIMKY pO3paxyHKy
MOJIOBOTO CKJIaJly HAHOUYACTHHOK 30510Ta. P0O3paxyHOK e(QEeKTUBHOTO MOKa3HUKA
3aJIOMJICHHS, IO BIAMOBI/Ia€ MOJOBOMY CKJIQJy PO3MOALTY €IEKTPUUYHOTO MO IS
HaHOC(epu 3070Ta, MPOBOAMIM 3a JOMOMOTror0 KoMmepiiiHoi mporpamu ANSYS
Lumerical. Takoxx HaBeneHa MeToauKa oOpoOKkM PamaH-CIeKTpa y MpOrpaMHOMY
3abe3neucHdi WIRE, ¢i3nuHuii 3MicT 3aCTOCYBaHHS KOKHOI'O 3 €TamiB 0OpOOKH Ta
OOTIPYHTOBaHICTh BUKOPUCTAHHSI IEBHUX MOKA3HUKIB JIJIs IHTEpIpETallli pe3yabTaTiB.

Y mpembomy po30ini po3rasAacThCsl MOJIEIh 3B’ A3aHOTO OCHUJISITOPA B ITIBKAaX
Al/ZnS/Ag/Si0O,. HaBomsatecs GopMynu po3paxyHKy HOPMAIbHHUX KOJIHBAHb
IUIa3MHU BUIBHUX €JIEKTPOHIB y rpaHy’iax. IIpencraBieHa MeTOI0JIOTIS PO3PaxXyHKY
KOHCTAHTH 3B’ 13yBaHHS Pa30M 13 UNCEIbHUMHU PO3paXyHKaMU 3B’ 3yBaHHA B OJIMDKHIN
30H1 3a fonomororo ANSY S Lumerical. ExcriepuMeHTaabsHO BCTAHOBJIEHO BIUIUB JIBOX
I1apiB METaJeBUX rpaHyi. byso moka3aHo, 1110 MOJENb JUIOJIb-AUIOIBHOI B3a€MOIIT
MO>KHa BUKOPUCTOBYBATH Ha BiicTaHsAx 10 50 HM. Po3po0iaeHo MeToANKYy BU3HAYCHHS
MJIa3MOBOI 4aCTOTH METAJIIB 32 MOJOKEHHSIM BHCOKOYACTOTHOI CMYTH MOTJIMHAHHS B
CIIEKTpaxX OMNTHUYHOI TycTHHHU. JlocmipkeHi Mopeni AieIeKTPUYHOI MPOHUKHOCTI
MeETaJIeBUX HAHOYACTUHOK, a TAKOX I'PAaHUYH1 YMOBH X 3aCTOCOBAHHOCTI Y MOPIBHSHHI
3 po3MipoM HaHochep 1 KoedimieHTOM 3aroBHEHHS. JIeTaabHO PO3TISHYTO HOBITHIM
cnoci0d IMIIaHTalli HAHOYACTUHOK 30JI0Ta B MOBEPXHEBUH AP IJIABJICHOrO KBapILy,
BUXOJ4YM 3 ABoJiazepHOi cxemu 3 COj-mazepoM Ta iTpieBUM aTIOMIHIEBUM Ja3epOM
(Ho:YAG). Lsa TtexHomnoris 3abe3nedye OTpUMaHHS METPOJOTIYHO CTa0UIBHUX
KOMITO3UTHUX MIAKIag0K Au — Si0,, CTIMKUX 10 XIMIYHMX 1 MEXaHIYHUX BILIHUBIB.
Hanano ACM-doTtorpadii mopdosorii oTpuMaHoro 3pa3ka Ta CIEKTPH ONTHYHOI
ryctuHd. Po3Mipyu HAaHOYACTHHOK 3HAXOMATHCS B Jiana3oHi 5-50 HM, a BiacTaHl Mixk
HUMU KojmBaroThcs Bim 50 mo 150 HM. Ha ocHOBI MDK30OHHHX TEpPEXOIiB
BpaxoOBY€TbCS HHU3bKOYACTOTHA CMyra mnoriMHaHHsA. HaBeneHo —uucenbHui
PO3paxyHOK MoJist B OJMAKHIN 30H1 B KpaTepi rpaHyJsl, yTBOPEHUX i1 Yac IMIUIaHTaIlil.
Taka «rapsiua Toukay 37aTHA MIICHINTH KOMOIHAIIHHE PO3CIFOBAHHS BiJ MOJICKYJIH 3

xoeQimienTom miacunenns 102,



V' uemeepmomy po3Oini 3ampONOHOBAHUN HOBUW METOJ PO3pPaXyHKY
TIEJIEKTPUYHOI MPOHUKHOCTI Mosiekyian Pomaminy 6G 3a momomororo MATLAB,
pe3ynbTaTé  OOYHUCIIEHb TOPIBHSAHI 3 JaHUMH OOYHCICHHMMH 3a JOMOMOTOI0
nporpamHoro 3a0e3nedeHHs Gaussian (09, mokazaHa y3rOIKEHICTb pPE3yJIbTATIB.
3po0seHi BUCHOBKM, IO TaKy METOAMKY MO>KHA 3aCTOCOBYBATH JO KOJMBaJIbHHUX
NEPEXO1B BEJIMKUX MOJIEKYJI, BpaXOBYIOUHU 30y KEHHS sIIpa MOJIEKYJIH Ta MO>KJIUBOTO
PO3YMHHUKA, SKIIO 3pa30K HE € BUCYIICHUM.

[IpencraBieHa TexHiKa €KCIIEPUMEHTY 3 JOCHIKeHHsS PaMaH-criekTpy 3pa3KiB
CHUPOBATKH KPOBI XBOPHUX HAa MIACTEHIIO Ta YYAaCHHKIB JOCHIIKEHHS 3 KOHTPOJIBHOI
TpyIIN.

["onoBH1 HAyKOBI Pe3yJIbTATH, IO OYJIK OTPUMAaHI Y POOOTIi, € HACTYTHUMHU.

1. Po3pobneno  MeToauKy — [BONa3epHOI  IMIUIaHTalii  30/10Ta Yy
MIPUITIOBEPXHEBUH I1ap TUIABIEHOTO KBapILy.

2. HaBeneHo mojnenb 3B’sI3aHUX OCLMJISITOPIB Ta BHU3HAUEHI MapaMeTpu
KOJMBAJIBHUX MOJ Ta TapaMeTpy 3B’ sI3yBaHHS.

3. BusHnaueHo miua3MoBy 4acTOTy KOJMBaHb y MeTanax Ag, Al, Au.

4, BusnadueHo Mexy BiJcTaHl MiX JBOMa KOJHUBAJIBHUMH CHUCTEMaMH JI0
50 HM, 1e MO’KHA BUKOPUCTOBYBATH MOJIENb 3B’ SI3aHUX OCITHIIATOPIB.

S. 3anpornoHOBaHO Ta BHUKOPUCTAHO OPHUTIHAJIbHUI METOJ BHU3HAUEHHS
IPAaHUYHOTO PO3MIPY HAHOYACTUHOK 30JI0Ta, IKMH CKJIaB 6 HM y JiaMeTpl, TOYUHAIOYH
3 SIKOTO KBAaHTOBO-MEXaHIYHI SBHUIIA MOYMHAIOTH JIOMIHYBaTH HaJ PO3MIPHUMH.
HaBeneno po3paxyHOK mojsi B ONMKHIA 30HI y «rapsdiii TOYI» Ta MPOBEICHO
PO3paxyHOK MIJCUIICHHS] KOMOIHAIIITHOTO PO3CIFOBAHHS.

6. Po3pobnennii MeTo po3paxyHKy JI€JIEKTPUIHOI MPOHUKHOCTI Pomaminy
6G s enextponHux nepexoniB B MATLAB, saxuit Mmoxxe OyTH BUKOPUCTAaHHI MPU
YHCEebHOMY MOJICTIOBaHHI EKCIIEPUMEHTY 3 KOJIMBAaIbHUX IMEPEXOMdiB BEIMKHX
MOJIEKYI.

7. HocnimpxeHi PamaH-ciekTpu cCMpOBaTKHU KPOBI MallI€HTIB 3 MIACTEHIEIO HA
npucytHicte BONT A. IlpoBemena o0poOka cmekTpa 3 ypaxyBaHHSIM BHCOKOL

JIOMIHECTICHITI1 BiJl pO3pO0OJICHOT MiJIOKKH Ta O10JIOTTYHOTO 3pa3Ka.
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ABSTRACT

lulila Riabenko. Detection of Residual Liquids of Biotoxins with Raman
Spectroscopy. Qualification scholarly paper: a manuscript.

Thesis submitted for obtaining the Doctor of Philosophy in Specialty 105 -
Applied Physics and Nanomaterials (Natural Sciences). — V. N. Karazin Kharkiv
National University of the Ministry of Education and Science of Ukraine, Kharkiv,
2023.

The thesis focuses on the research and development of the method for obtaining
composite materials with parameters consistent with metrological standards to enhance
Raman scattering of complex organic and biological molecules. These composites are
promising for use both in biosensors and in other devices for calibration of spectral
equipment. Such methods give an opportunity to obtain high-quality resonant
structures resistant to chemical and mechanical influences and possessing a stable
Frelich frequency.

Modern high-precision spectrometric research methods provide for a better
understanding of topology and conformation of complex molecules. One of the
methods of increasing the sensitivity of spectral devices is SERS which detects
substances in residual concentrations. This method usually employs metal
nanoparticles sized 15 — 50 nm, while the present research uses gold nanoparticles of
5—10 nm. The granules form a composite structure with a transparent substrate,
where a plasma absorption band corresponds to plasma oscillations of free electrons.
However, the existing techniques are focused on creating a colloid in solutions or on
substrates with a label without drying the sample, which does not allow for obtaining

a SERS signal consistent with metrological standards. The effect of plasma resonance



and its use in SERS have been known for a long time, nevertheless, there has been a
growing interest in creating new metrological methods of molecular detection.

The composite material formed by laser implantation of a granular film of gold
in the near-surface layer of fused quartz creates a metamaterial resistant to chemical
and mechanical influences with a high-Q resonance. Currently, there are no methods
able to create composites which would be consistent with metrological standards.
Although attempts at laser implantation of gold and silver in the near-surface layer
have been made by several authors, the present research improves this technique
making it possible to create a metamaterial with predetermined properties.

The modern development of numerical modeling provides opportunities to
calculate the physical properties of topologically complex nanomaterials. Therefore,
the paper presents numerical calculations of modes of complex topology of a gold
nanoparticle and the effective refractive index of the modes. The near field in the "hot
spot” of a gold nanoparticle was also calculated, and the mode coupling effect was
established between the nanoparticles and vibrational energy levels of the molecular
group corresponding to the dipole transition. The data was confirmed in experiments
with a multilayer composition of films. It was established that coupling is observed at
distances up to 50 nm, corresponding to the near-field. Hence, at such distances, the
dipole oscillator model can be used to describe metal nanopatrticles.

Numerical calculations of the molecule properties have been available for some
time. Still, the complexity of biological molecules makes it possible to present a
molecule as a quantum mechanics system and determine its main parameters: the
polarizability tensor, energy levels in quantum mechanics, and dielectric permittivity
of metals. The thesis proposes a simplified method for calculating the dielectric
constant of Rhodamine 6G, indicating that such a method can be applied to large
molecules. This expands the possibilities of numerical modeling of Raman scattering
enhancement for biological molecules on high-Q resonant systems.

Raman spectroscopy is of paramount importance in modern biophysical
research. However, the number of studies available is quite limited and a systematic
review could be beneficial in terms of the spectra of toxic molecules and substances

formed during biochemical reactions of these toxins with enzymes as part of the



Immune response. Therefore, the present thesis presents a method for determining the
presence of Botulinum toxin A in the blood serum of patients with myasthenia gravis.

The research findings are outlined in four chapters. The first chapter, “Literature
Review,” presents literature relevant to the thesis topic, including the optical properties
of granular gold films. Characteristics of the material described serve as the basis for
calculating the Frohlich frequency and determining the plasma resonance band. The
chapter further provides hybrid modes in metal nanoparticles and describes methods
for calculating near fields. A theoretical approach is provided to explain the
phenomenon of giant Raman scattering. The approaches applied in electrodynamics
and quantum mechanics are described in order to account for the enhancement of
Raman scattering of vibrational transitions in a molecule. The latest approaches to the
creation of biosensors are also considered.

The second chapter, “Methodology of experimental and theoretical research,”
describes the experimental methods. The list of equipment involved in the experiment
Is included. Its compliance with modern metrological standards and timely equipment
calibration before each experiment is confirmed. The chapter also describes the method
of blood sampling and the procedure for serum production. The method of preparing a
resonant substrate through thermal vacuum deposition of evaporated metal onto optical
quartz glass is presented separately. The technique of laser implantation is described
based on a two-laser scheme. A description of the FDTD numerical algorithm is
provided, as well as the method of calculating modes of gold nanoparticles. The
calculation of the effective refractive index corresponding to the modes of the electric
field distribution for the gold nanosphere was carried out using the commercial ANSYS
Lumerical software. The technique of spectrum processing, physical reasons behind
each of the stages, and the justification of specific indicators to interpret the results are
also provided.

The third chapter examines the coupled oscillator model in Al/ZnS/Ag/SiO,
films. Formulas are developed to calculate normal fluctuations of free electron plasma
in granules. A methodology for calculating the coupling constant is presented along
with numerical calculations of coupling in the near field using ANSYS Lumerical. The

influence of two layers of metal granules was experimentally established. It was also



shown that the dipole-dipole interaction model can be used at distances up to 50 nm.
A technique was developed to determine the plasma frequency of metals based on the
position of the high-frequency absorption band in the optical density spectra. The
models of the dielectric constant of metal nanoparticles, as well as their applicability
in comparison with the size of the nanospheres and the filling factor. The latest method
of gold nanoparticle implantation in the surface layer of fused quartz is considered in
detail, proceeding from a two-laser scheme with CO,-laser and yttrium aluminum laser
(Ho:YAG). This technique ensures the production of metrologically stable Au — SiO,
composite substrates resistant to chemical and mechanical influences. AFM
photographs of the resulting sample morphology and optical density spectra are
provided. The size of nanoparticles lies in the range of 5 — 50 nm, and the distances
between them vary from 50 to 150 nm. A low-frequency absorption band is accounted
for based on interzone transitions. A numerical calculation is provided for the near field
in the crater of the granules formed during implantation. Such a “hot zone” is capable
of enhancing Raman scattering from the molecule with an enhancement factor of 10°.

The fourth chapter describes a new method for calculating the dielectric constant
of Rhodamine 6G using MATLAB. The calculation results are compared with the
Gaussian 09 data showing the consistency of the results obtained. This method can be
applied to vibrational transitions of large molecules, taking into account excitation of
the molecule nucleus and properties of the solvent if the sample is not dried.

Also, this chapter describes the biochemical properties of the botulinum toxin
molecule, serotype varieties, and the mechanism of interaction with living organisms.
Methods of detecting botulinum neurotoxin are described, as well as their limitations
and their use in clinical biochemistry. The use of known methods proceeds from the
patient’s symptoms, which determine whether the patient is tested for the toxin
molecule. If primary symptoms are insufficient and/or the body’s immune response
affected the result, the search for BONT becomes complicated since testing depends on
specific reagents, such as optical reporters, peptide substrates or antibodies specific to
this particular toxin and a certain serotype.

The thesis describes the experiment exploring the Raman spectrum of blood

serum samples of patients with myasthenia gravis and the control group.



The main research results are as follows.

1.  The paper develops a method of two-laser implantation of gold in the
surface layer of fused quartz.

2.  The thesis provides a model of coupled oscillators and determines
parameters of oscillatory modes and coupling parameters.

3.  The plasma frequency is established for oscillations in metals Ag, Al, and
Au.

4. The research establishes the optimal distance between two oscillating
systems of 20 — 35 nm where the model of coupled oscillators can be used.

5. Anoriginal method is proposed and applied to determine the size of gold
nanoparticles, which was found to be 6 nm in diameter, starting from where quantum
mechanics phenomena begin to dominate over dimensional ones. The calculations of
the near field in the “hot spot” as well as Raman scattering enhancement are carried
out.

6. A method for calculating the dielectric permittivity of Rhodamine 6G for
electronic transitions was developed in MATLAB. The aforementioned method can
also be applied in numerical simulations of an experiment with vibrational transitions
of large molecules.

7. The Raman spectra of blood serum of patients with myasthenia gravis
were studied for the presence of botulinum toxin A. The spectrum was processed
considering the high luminescence of the developed substrate and the biological
sample.
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