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Kopon A. O. ®0TOCTUMYJbOBAaHUI CHUHTE3 Ta CEHCOPHI BJIACTUBOCTI
HAHOYACTHUHOK cpibia. — KpamidikalliiiHa HaykoBa Ipalis Ha IpaBax pyKOIIUCY.

Hucepranisi Ha 3700yTTS HAYKOBOTO CTymHeHs JokTopa ¢urocodii 3a
cremianpHicTIO 102 — Ximis (ramy3p 3HaHb 10 — IlpupomHudi Hayku). —
YepHiBellbkuii HallioHaIbHUIM yHIBepcuTeT iMmeHi FOpis ®enpkoBuua MOH
VYkpainu, YepHnisii, 2026.

Hucepratiiiny po0OOTy MNPUCBSIYEHO BCTAHOBIEHHIO 3aKOHOMIPHOCTEH
dorocTumynroBaHOTO cuHTE3y HaHodacTHHOK (HY) cpibna piznoi mopdomorii y
BOJHUX PO3YHMHAX, 3 SCYBAaHHIO pOJIi €HEprii (OTOHIB Ta OKHUCHO-BIJHOBHUX
BJIACTUBOCTEH cTabimizaropa y BCTaHOBJICHHI KiHIeBoi dopmu HY, a Ttakox
EKCIIEPUMEHTAILHOMY JIOCIIIHKEHHIO 1 KOMIT FOTEPHOMY MOJICTIOBAHHIO CEHCOPHHUX
BJIACTHBOCTEH OJIep>KaHUX HAHOCTPYKTYP.

VY Berymi OOIpYHTOBAaHO aKTYallbHICTb TEMH, OKpPECJIEHO ii 3B 30K 13
HAayKOBUMHU IporpaMaMu Ta IJaHaMu Kadeapu Ximil Ta €KCHEepTHU3H Xap4yOBOi
MpoAyKIlli, cOpMyILOBAHO METY 1 3aBAaHHS JOCIIIKEHHS, BU3HAYEHO OO0 €KT,
MpeaMET 1 METOAW JOCIHIDKCHHS, PO3KPHTO HAYKOBY HOBH3HY Ta MPaKTHYHE
3HAYEHHSI OJIEp’)KaHMX pe3yabTariB. HaBemeHo BigoMocTi Tmpo myOsiKailii,
anpo0alliro pe3ysbTariB, 0COOMCTUI BHECOK 3/100yBaya, a TAKOX CTPYKTYpY i o0car
JUcepTalii.

Y mepmomy po3jiii MpoaHaai30BaHO JITEPATYpHI JaHi IMOA0 (i3UYHUX
OCHOB IJIa3MOHHMX BiactuBocted HY cpibna, MeTomiB iX CUHTE3y Ta MPUHIIUIIB
CEHCOPHOT'0 3aCTOCYyBaHHA. PO3IIsSHYTO MpHUpOAY JOKAII30BAaHOTO MOBEPXHEBOIO
mia3MoHHoro pesonancy (JIIIIIP), Teopiro Mi mns chepuunux mertanesux HY,
YMOBY BHHUKHEHHSI PE30HAHCY, MOKA3HUKH JOOPOTHOCTI Ta pedpakTOMETPUIHOI

gyTnuBocTl. [lokazaHo, 10 cepea «IUIa3MOHHUX» METANIB CpiOJI0 BUPIZHAETHCA



HaiiBuiow noopotHicTio JIIIP y mmpokomy crnekrpanbHoMy niana3oni (300—
1200 HM), a MOJNIOXKEHHS 1 MIMPUHA CMYTH PE30HAHCY BHU3HAYAIOTHCA HE JIMILE
IPUPOJIOI0 MeTaly, a i po3mipoM, ¢popmoro HU Ta gienekTpuyHO0 NPOHUKHICTIO
cepenopumia. Onucano meronu cuHtesy HY cpibrna i oOkpeMo pO3TIsSHYTO
doTOoCTUMYILOBAaHUN CHUHTE3 — TMpsiMe (OTOBITHOBJICHHS Ta IUIA3MOHHO-
onocepeakoBanuii pict HY, a Takox Tpu MOxJiuB1 PoTO(DI3UYHI MEXaHI3MU BIUIMBY
30ymkennss JIIIIIP na ximiuni mneperBopeHHs (dOTOTEpMIUYHUN  €]eKT,
KOHIIEHTPYBaHHS €JIEKTPOMAarHiTHOro mnoiis nooiusy HY ta reneparttiss «rapsaux»
eNEeKTPOH-AipKoBUX map). IIpoanamizoBano wmexanizmu pobotu HY cpibma sk
CEHCOPIB Ta BCTAHOBJICHO, 110 aHI30TPOMHI (POPMU 13 3aTOCTPEHUMHU BEPIIMHAMU 1
pebpaMu JEMOHCTPYIOTh CYTTEBO BHWINY UyTJIUBICTh, HiXk chepuuni HY. 3a
pe3yJibTaTaMU JIITEPaTypHOTO OTJISAY BUOKPEMIICHO HU3KY HEBHPIUICHHX MUTaHb,
10 BU3HAYWIINA HAIIPSIMH MTOAATBIIOTO JOCI1KEHHS.

Y apyromy po3jaiii OMUMCAaHO PEAaKTUBH, MaTeplajiu Ta €KCIEPUMEHTAIbHI
METOAM, BHUKOpUCTaHI B pobOori. HaBegeHo  nBOCTadiiiHy  METOAMKY
doroctumynboBanoro cunre3sy HU cpibuna, mo nependavae onepxanHHs CeprUIHUX
3apo/KIB OOPOTIAPUIHUM BIJHOBJICHHSIM apreHTyM HITpaTy Ta IXHE MOJajbIle
ONMPOMIHEHHS MOHOXPOMAaTUYHHUM CBITJIOM Yy paJiaJbHOMY OIPOMIHIOBaYl abo
mTaTuBl 31 cBiTIOAIoAaMU. OXapaKTEpU30BaHO KOMILJIEKC METOJIIB JOCIIIKEHHS:
CeKTpoOTOMETPI0, AaTOMHO-CUIIOBY Mikpockorito (ACM), ckanyBanbHy (CEM) 1
npocBiuyBaibHy (IIEM) enekTpoHHY MIKPOCKOMIIO, ONTHYHY MIKPOCKOMIIO
TEMHOTO TOJIs, IUKIIYHY BOJIbTAMIIEPOMETPIIO Ta KOHAYKTOMETPiI0, BUMIPIOBAHHS
€JIEeKTPOKIHETUYHOTO MOTEHIlaly, CeIMMEHTalliHOi CcTiMKOoCcTi po3unHiB HY, a
TakoXk pedpakromerpito po3unHiB HY, aucneproBaHux y cepenoBUIaX 3
BIIMIHHMM BiJI BOJY TMOKA3HUKOM 3aJOMJIEHHSA. OKpEeMO OMUCAHO PO3IIUPEHHS
iHcTpymentapito MNPBEM nonaBannsim nekaenpudHoi (Gopmu, 1o 1a€ 3MOTyY

pPO3paxoByBaTH €JICKTPOMArHiTHI BiaacTUBOCTI Takux HY 06e3 BTparu TOYHOCTI



MOPIBHAHO 3 HAOIMKEHUMHU (POpMaMHU.

Y TpeTboMy pO3iii HABEJAEHO PE3YJIbTAaTH EKCIIEPUMEHTATBHUX JTOCTIKEHb
(GOoTOCTUMYILOBAHOTO CHUHTE3y. BCTaHOBJIEHO, 1110 OMPOMIHEHHS OJIHOTO 1 TOTO
CaMOro BHUXIJTHOTO PO3YMHY 3apOJKiB, CTaOLII30BaHUX HATPiil LIUTPATOM, CHHIM
cBiTiioM (A= 450-462 HM) npuU3BOAUTH 10 yTBOpPeHHs Aekaeapuunux HY, a
3eneHuM (A = 515 um), xoBTUM (A = 595 HM) Ta yepBoHUM (A = 633 HM) — 10
yTBOopeHHs mnpusMmarnuaux HY. Mopdomorito 1 po3mipu yrBopenux HY
MIATBEPKEHO 3a goromororo cuekrpockorii, CEM ta ACM. Iloka3ano, 110 3MiHa
JOBXMHY XBHJII ONIPOMIHEHHSI JIAIe Ha 12 HM 3MiHIOE cepeHii aiaMeTp JeKaeIpiB
3 34 am 10 50 HM 32 HE3MIHHUX 1HIIMX YMOB, 1[0 CBITYUTH PO BUPIIIAIBHY POJIb
e”eprii ¢ortoniB y Bu3HaueHHi mopdororii HU. Onepkani 301 HaHOAEKaeApiB
BUSBWIM BHCOKY CEIMMEHTAILIiHY CTIMKICTb Ta BII €MHHHA JA3€Ta-MOTEHLIaN
(mo -190 MB). Bmnepume gociniikeHo ¢GoTtocTuMynboBaHy —arperamiro  HY,
CTaOUII30BaHUX HATpiii OEH30aToM, siKa BIJOYBAETHCS 3aMiCThb MOPQOJIOTTYHOI
nepeOy0BU 1 € MEpPCIEKTUBHUM METOJOM OJIEp>KaHHS KJIacTepiB MeTalleBUX
YaCTUHOK 1 MeTamoJieKyJ. [lOpiBHSJIBHUM €JNEeKTPOXIMIYHUM  JOCIIIKEHHAM
uTpaT-, 0EH30aT- 1 CAMIUIAT-HOHIB BCTAHOBJICHO, [0 BXKJIMBUM IapaMeTPOM,
SKWAW 3a7a€ MUISIX CUHTE3Y, € OKHCHO-BIJIHOBHUUM TOTEHIia) cradumizaTopa. Yum
cnabmuii BIAHOBHUK (LIMTPAT), THUM JIOBIIE HWOHU ApPIEHTYyMYy MepeOyBalOTh Y
pO3YMHI, Mar4u JOCTaTHRO 4Yacy [Jsi Toro, o0 mnepedyayBaTUC Y
TepMOJAUHAMIYHO CTa01IbHI (hopmu. [IpoMi>kHUI BITHOBHUK (O€H30aT) CIIPUUMHSIE
arperaitito, a CUJIbHIIINHN (CaJiIuiIaT) MOBHICTIO OJIOKYE MepeTBOpeHHs. BusBieHo
Ta KUIBKICHO I1HTEPHpPETOBAaHO THUMYAcOBHUM Tinmcoxpomuuii 3cyB JIIIIP mnpu
po3BeneHHI 30iei (~50 HM g aekaenpiB 1 ~100 HM 11 IpU3M) SK JTeCOpOIIir0
afcopOoOBaHUX HOHIB APreHTyMy, IO BiAIOBIa€ 3pOCTAaHHIO KOHIICHTpAIlil HOCIiB
3apsagy Ha ~20 % 1 ~25 % BignosinHo. Lleit 3cyB MO)XKHa BUKOPHUCTOBYBATH SIK

CIIEKTPOCKOMIYHUN MOKa3HUK 3aBEPIICHOCTI CUHTE3Y.



Y d4erBepTOMY pO3Aiii 3alMpPONOHOBAHO TEPMOJAWMHAMIYHUHN MIAXIT 0
NOSICHEHHSI YTBOPEHHS HAHOYAaCTUHOK cpibima pi3Hoi (GopMH mig  yac
(OTOCTUMYILOBAHOTO CUHTE3Y. 3aCTOCOBAHO MOJIEb, IO 3aJIEKUTh JIMIIE BIJ
eHeprii poToHa, a HE MexaHI3My Tiepejiadi eHeprii, MpUUoMy JIOKaJIbHE HarpiBaHHs
BPaxOBYEThCS Yepe3 TeMIEpaTypHY 3aJIekKHICTh 3MiHU BIIbHOI eHeprii [166ca AG.
[TobynoBano miarpamy 3anexkHocTi AG BiJ BIJHOBHOTO MOTEHIIATy PEAreHTy 1
MOKa3aHo, 10 KUIbKICTh €HEPTii, IKYy (JOTOH BHOCUTH Y CUCTEMY, 3CYBa€ XIMIUHUN
MOTEHITIa]l PEareHTiB 1 BU3HAYa€, Y SKy 00JacTh TEPMOJAMHAMIYHOTO MPOCTOPY
notparisie cucrteMa (ABoBumMmipHoro (2D) uym TtpuBumipHoro (3D) pocrty).
OnpoMiHEHHS YePBOHUMHU Ta 3€JICHUMHU (POTOHAMH 3CyBa€ PYIIHHY CHITY B 00J1aCTh
2D-pocTy, TOMY CIOCTEpITa€eTbCsl YTBOPEHHsS MpuU3M. HaTOMICTH ONpOMIHEHHS
CHUHIMH (OTOHAMH 3CYyBa€ pyIIiiiHy cuity B 00iacts 3D-pocTy, TOMY yTBOPIOIOTHCS
neKaeapy. 3arpornoHOBaHA MOJIEIb € YHIBEPCAIBHOIO 1 HE 3aJICKUTh BiJl IPUPOIH
peareHriB, 10 MIATBEPAXKYeThes neperBopeHHssM HY pi3noi popmu y npuszmu mijz
JI€I0 T1IPOTEH MEPOKCUY.

Y m’saromy po3ainai gociimkeHo ceHcopHi BiaactuBocTi HY cpiGoa.
Bnepiie iHTerpoBaHo MoOJEnb JieKaeApUYHOI (OPMHU Yy MPOrpPaMHUNA KOMILIEKC
MNPBEM (MATLAB). ExkcnepuMeHTanbHO BHU3HAY€HO pe(pakTOMETpUUYHY
gyyTiuBicTh jAekaeapuunux HY: 245 am/OII3 y cucteMi Boga—TIilepoa Ta
247 um/OI13 y cucremi Boja—caxapo3a. OpepxkaHi 3HAYEHHS 4YYTJIMBOCTI Ta
CHEKTPU EKCTHUHKII 3arajoM Y3roJUKYIOThCA 31 3HAYCHHSIMH, OOYMCICHUMHU
METOJIOM TPAHUYHUX €JEMEHTIB. BiAMIHHICTD EKCIEPUMEHTAIHHOTO 3HAYEHHS
Yy TIUBOCTI BiJl PO3PaXyHKOBOTO MOKE OYTHU MOSICHEHA yCEPETHEHHSIM MOTJIMHAHHS
noJigucrnepcHoro ancamoiro HY nopiBHsHO 3 ieaibHOI0 MoesuTio okpemoi HY, a
TAaKOXX €KPAaHyBaHHSIM IMOBEPXHI IIUIBHUM TMOJABIAHUM EIEKTPUYHUM IIapOM. 3a
pO3paxyHKaMH PO3MOIITY €JIEeKTPOMArHiTHOrO mojis HaBkojio HY BcTaHoBIEHO

npupoay IIIa3MOHHHUX MOJ 1 IIOKa3aHO, IO MaKCHUMaJIbHC HiI[CI/IJ'IeHHH I1OJIA



NpOTHO3Y€EThCs Ha BepmmHax 1 peOpax HY. I[loOGynoBana kapra 3alieKHOCTI
nosioxkeHHs: makcumymy JIIITIP Big reomerpmunux mapamerpiB HY gae 3mory
MIPOTHO3YBAaTU CHEKTPAJIbHE IOJOKEHHS pe3oHaHCcy B Mexax 440-700 HM 1
nigoupatu posmipu HY mig motpiOHy noBkKUHY XBWJi. UyTJIHBICTH MOHOTOHHO
3poctae 31 30ibieHHAM po3mipy HU — Big 150 mo 550 am/OII3 y BoaHHX
po3unHax. [lokazano, 1o 6inbiri HY 3 o1HakoBUM MOJT0KEHHSIM PE30HAHCY MAIOTh
maiixke Ha 60 % BUIIly UyTJIMBICTh, HIXK MEHIII YaCTUHKH.

HaykoBa HOBH3HA OTPMMAaHUX Pe3YJIbTATIB MMOJSITAE B TOMY, II10:

— BIEPIIE 3alpOMOHOBAHO YHIBEpCAIbHY TEPMOJIMHAMIYHY MOJEIh BUOOPY
dopmu HY cpibna mig gac GOTOCTUMYIIHOBAHOTO CUHTE3Y, SIKA 3AJICKUTh JIUIIE BiT
eHeprii ¢otoHa 1 He TOTpeOye BHU3HAYCHHS KOHKPETHOTO MEXaHI3My Tmepenadi
eneprii Bix gorona mo HY. [Tokazano, mo eHepris ¢OTOHIB BUAUMOTO Jiama3oHy
(=190-260 k/lx/monp) cmiBMipHa 3 €Hepriero mepexony Bin miackux (2D) mo
00’emuux (3D) cTpykTyp cpibia Ta BU3Hayae KiHieBy Mmopdosorivo HY;

— BIEpIIC BCTAHOBJICHO, IO BAXKJIWBUM TAapaMETPOM, SIKUU BIUITMBAE Ha
nepedir oToCTUMYIJILOBAHOTO EPETBOPEHHA C(HEPUUHMX 3aPOJIKiB (MOP(OJIOTIUHA
nepedy10Ba, MJIa3MOHHO-1HIYKOBaHa arperailis Ui noBHe OJIOKYBaHHS), € OKHUCHO-
BIJIHOBHUHM MOTEHIla] cTadiai3aTopa, 10 JOCHIIKEHO Ha MPUKIAAl CTPYKTYPHO
OJNIM3bKUX ITUTpaT-, 0€H30aT- 1 caliluIaT-HOHIB;

— BUSIBJIEHO 1  BIEpIIe  KUIBKICHO  IHTEPIPETOBAHO  THMYACOBHM
rincoxpomuuii 3cyB JIIIIIP BHacmigok po3BeleHHs 30J1€H JIeKaeapiB 1 MPU3M SIK
necopOIrito aficopboBaHUX HOHIB APIEHTYMY Ta 3alpONOHOBAHO BUKOPUCTOBYBATU
MO0 SIK TOKa3HUK 3aBEPIICHOCT] CHUHTE3Y;

— BCTAHOBJICHO KIJBKICHUM 3B’S30K MK JOBKHHOIO XBHJII OIMPOMIHCHHS Ta
po3MipoM JeKaeapiB (3MIHA JOBXKHHHU XBHJII ONPOMIHEHHS Ha 12 HM 3MIHIOE
cepennii qiamerp HY 3 34 am o 50 HM);

— BIEpIIe IHTETpOBaHO JekaenpuyHy ¢opmy HY y mporpamHumii KoMruiekc



MNPBEM (a5 cepenoBuia MATLAB) ta Bnepiie no0yn0BaHo JTBOBUMIPHI KapTH
MJIa3MOHHOI YyTJIMBOCTI HaHOJEKaeApiB cpidia B KOOpJIMHATAX «IOBXKHWHA pedpa—
TOBIIMHA» Y BOJHHUX PO3UYMHAX Ta 3 yPaxXyBaHHSAM MOBITPSI.

IIpakTnyHe 3HAYEHHS] OTPUMAHMX pe3yJabTaTiB. OJepikaHi pe3ylbTaTH
JAl0Th  3MOTY  3IMCHIOBaTHM IUJIaHYBaHHS Ta  I[UIECOPSIMOBAHMM  CUHTE3
HAHOYACTUHOK Cpibiia JeKkaeIpuyHoi Ta mpu3MaTuyHoi hopm. ['incoxpoMuumii 3cyB
JIIITIP mpu  po3BeneHHI MOXE CIYTryBaTH CHEKTPOCKOMIYHOK  O3HAKOIO
3aBEpPIICHOCTI  CHUHTE3y. Po3mupeHuil  HOBOIO  T€OMETPUYHOK  (POPMOIO
iHcTpymerntapii  MNPBEM  mpugatHuii  nas  TOBHOTO — MOJICIIOBAaHHS
eNeKTpoMarHiTHux BractuBocteid HY takoi hoopmu 6€3 BTpaTu TOYHOCTI TIOPIBHSIHO
3 HaOmmwkeHUMH (Gopmamu. [1oOymoBaHi KapTh YyTIUBOCTI MOXYTh CIIYTYBaTH
ITHCTPYMEHTOM TMOIEePEAHHOTO BUOOPY reomerpuyHux napameTrpiB HU cpibna min
Yac MPOEKTYBAHHS TUIa3MOHHUX CEHCOPIB Y BUAMMOMY Jiana3oHi.

Kuaw4voBi caoBa: cpi0io, HAHOYACTUHKHU, KOJIOiJl, PO3YMH, OINTHUYHI
BJIACTUBOCTI, (OTOCTUMYJLOBAHUN  CHUHTE3, JIOKAJI30BaHWM  TTOBEPXHEBHA
MJIa3MOHHUM PE30HAHC, MIKpOCKOMid, (OTOH, pICT, HATpid LUTpaT, MJIA3MOHHA

Yy TJIUBICTh, KOMII IOT€PHE MOJICTIOBaHHS, YUCIOBI PO3PaXyHKH.

ABSTRACT

Korop A. Photostimulated synthesis of silver nanoparticles and their sensing
properties. — Qualification scientific work in the form of a manuscript.

The dissertation for the degree of Doctor of Philosophy in specialty
102 — Chemistry (field of study 10 — Natural Sciences). — Yuriy Fedkovych
Chernivtsi National University of the Ministry of Education and Science of Ukraine,
Chernivtsi, 2026.

The dissertation is devoted to establishing the regularities of photostimulated



synthesis of silver nanoparticles (NPs) of various morphologies in aqueous
solutions, clarifying the role of photon energy and the redox properties of the
stabilizer in determining the final shape of the NPs, as well as to the experimental
investigation and computer modelling of the sensing properties of the resulting
nanostructures.

The introduction substantiates the relevance of the topic, outlines its
connection with the scientific programmes and plans of the Department of
Chemistry and Food Expertise, formulates the aim and objectives of the study,
defines the object, subject, and methods of research, and reveals the scientific
novelty and practical significance of the results obtained. Information is provided on
publications, presentation of the results, the personal contribution of the author, and
the structure and scope of the dissertation.

The first chapter analyses the literature data on the physical foundations of
the plasmonic properties of silver NPs, methods of their synthesis, and the principles
of their sensing applications. The nature of localized surface plasmon resonance
(LSPR), Mie theory for spherical metallic NPs, the resonance condition, and the
quality factor and refractometric sensitivity are considered. It is shown that, among
the “plasmonic” metals, silver i1s distinguished by the highest LSPR quality factor
over a broad spectral range (300-1200 nm), while the position and width of the
resonance band are determined not only by the nature of the metal but also by the
size and shape of the NPs and the dielectric permittivity of the medium. Methods for
the synthesis of silver NPs are described, and photostimulated synthesis is examined
separately — direct photoreduction and plasmon-mediated growth of NPs together
with three possible photophysical mechanisms by which LSPR excitation influences
chemical transformations (the photothermal effect, concentration of the
electromagnetic field near the NPs, and generation of “hot” electron—hole pairs). The

mechanisms by which silver NPs operate as sensors are analysed, and it is



established that anisotropic shapes with sharp tips and edges exhibit substantially
higher sensitivity than spherical NPs. Based on the literature review, a number of
unresolved questions were identified, which determined the directions of further
research.

The second chapter describes the reagents, materials, and experimental
methods used in the work. A two-stage procedure for the photostimulated synthesis
of silver NPs is presented, comprising the preparation of spherical seeds by
borohydride reduction of silver nitrate and their subsequent irradiation with
monochromatic light in a radial irradiator or in a LED-equipped stand. A range of
research methods is described: spectrophotometry, atomic force microscopy (AFM),
scanning (SEM) and transmission (TEM) electron microscopy, dark-field optical
microscopy, cyclic voltammetry and conductometry, measurement of the
electrokinetic potential and of the sedimentation stability of NP solutions, as well as
refractometry of NP solutions dispersed in media with a refractive index different
from that of water. The extension of the MNPBEM toolbox by the addition of the
decahedral shape is described separately, enabling the electromagnetic properties of
such NPs to be calculated without loss of accuracy compared with approximate
shapes.

The third chapter presents the results of the experimental studies of
photostimulated synthesis. It is established that irradiation of the same initial seed
solution, stabilized with sodium citrate, with blue light (A = 450—-462 nm) leads to
the formation of decahedral NPs, whereas green (A = 515 nm), yellow (A =595 nm),
and red (A = 633 nm) light lead to the formation of prismatic NPs. The morphology
and dimensions of the resulting NPs were confirmed by spectroscopy, SEM, and
AFM. It is shown that a change in the irradiation wavelength of only 12 nm changes
the mean diameter of the decahedra from 34 nm to 50 nm, all other conditions being

unchanged, which demonstrates the decisive role of photon energy in determining



the morphology of the NPs. The obtained nanodecahedron sols exhibited high
sedimentation stability and a negative zeta potential (down to —190 mV). For the
first time, the photostimulated aggregation of NPs stabilized with sodium benzoate
was studied; this occurs instead of morphological rearrangement and is a promising
method for obtaining clusters of metallic particles and metamolecules. A
comparative electrochemical study of citrate, benzoate, and salicylate ions
established that an important parameter setting the synthetic pathway is the redox
potential of the stabilizer. The weaker the reducing agent (citrate), the longer the
silver ions remain in solution, having sufficient time to rearrange into
thermodynamically stable shapes. An intermediate reducing agent (benzoate) causes
aggregation, whereas a stronger one (salicylate) blocks the transformation
altogether. A temporary hypsochromic shift of the LSPR upon dilution of the sols
(~50 nm for the decahedra and ~100 nm for the prisms) was detected and, for the
first time, quantitatively interpreted as desorption of adsorbed silver ions,
corresponding to an increase in the charge-carrier concentration of ~20 % and
~25 %, respectively. This shift can be used as a spectroscopic indicator of the
completeness of the synthesis.

The fourth chapter proposes a thermodynamic approach to explaining the
formation of silver nanoparticles of different shapes during photostimulated
synthesis. A model is applied that depends only on the photon energy and not on the
mechanism of energy transfer, with local heating accounted for through the
temperature dependence of the change in Gibbs free energy AG. A diagram of the
dependence of AG on the reduction potential of the reagent is constructed, and it is
shown that the amount of energy that the photon introduces into the system shifts
the chemical potential of the reagents and determines into which region of
thermodynamic space the system is driven into (two-dimensional (2D) or three-

dimensional (3D) growth). Irradiation with red and green photons shifts the driving



force into the region of 2D growth, and therefore the formation of prisms is observed.
Irradiation with blue photons shifts the driving force into the region of 3D growth,
and therefore decahedra are formed. The proposed model is universal and does not
depend on the nature of the reagents, as confirmed by the transformation of NPs of
various shapes into prisms under the action of hydrogen peroxide.

The fifth chapter investigates the sensing properties of silver NPs. For the
first time, the decahedral shape was integrated into the MNPBEM software package
(MATLAB). The refractometric sensitivity of decahedral NPs was determined
experimentally: 245 nm/RIU in the water—glycerol system and 247 nm/RIU in the
water—sucrose system. The obtained sensitivity values and extinction spectra
generally agree with those calculated by the boundary element method. The
deviation of the experimental sensitivity can be explained by the averaging of the
absorption over a polydisperse ensemble of NPs compared with the idealized single-
particle model, as well as by screening of the surface by the dense electric double
layer. From calculations of the electromagnetic field distribution around the NPs,
the nature of the plasmon modes was established, and it was shown that the
maximum field enhancement is predicted at the edges of the NPs. The constructed
map of the LSPR peak position as a function of the geometric parameters of the NPs
makes it possible to predict the spectral position of the resonance within 440—700 nm
and to select the NP size for a required wavelength. The sensitivity increases
monotonically with NP size, from 150 to 550 nm/RIU in aqueous solutions. It is
shown that larger NPs with the same resonance position exhibit an almost 60 %
higher sensitivity than smaller particles.

The scientific novelty of the results obtained consists in the following:

— for the first time, a universal thermodynamic model for the selection of
silver NP shape during photostimulated synthesis is proposed, which depends only

on the photon energy and does not require identifying the specific mechanism of



energy transfer from the photon to the NP. It is shown that the energy of visible-
range photons (=190-260 kJ/mol) is commensurate with the energy of the transition
from planar (2D) to bulk (3D) silver structures and determines the final morphology
of the NPs;

— for the first time, it is established that an important parameter influencing
the course of the photostimulated transformation of spherical seeds (morphological
rearrangement, plasmon-induced aggregation, or complete blocking) is the redox
potential of the stabilizer, studied using the structurally similar citrate, benzoate, and
salicylate ions as examples;

— a temporary hypsochromic shift of the LSPR upon dilution of decahedron
and prism sols is detected and, for the first time, quantitatively interpreted as
desorption of adsorbed silver ions, and its use as an indicator of the completeness of
synthesis is proposed;

— a quantitative relationship between the irradiation wavelength and the size
of the decahedra is established (a change in the irradiation wavelength of 12 nm
changes the mean NP diameter from 34 nm to 50 nm);

— for the first time, the decahedral NP shape is integrated into the MNPBEM
software package (for the MATLAB environment), and, for the first time, a two-
dimensional refractometric sensitivity map of silver nanodecahedra is constructed in
"edge length—thickness" coordinates.

Practical significance of the results obtained. The results obtained make it
possible to plan and carry out the targeted synthesis of silver nanoparticles of
decahedral and prismatic shapes. The hypsochromic shift of the LSPR upon dilution
can serve as a spectroscopic sign of the completeness of synthesis. The MNPBEM
toolbox, extended with a new geometric shape, is suitable for the complete
modelling of the electromagnetic properties of NPs of this shape without loss of

accuracy compared with approximate shapes. The constructed sensitivity maps can



serve as a tool for the preliminary selection of the geometric parameters of silver
NPs when designing plasmonic sensors in the visible range.

Keywords: silver, nanoparticles, colloid, solution, optical properties,
photostimulated synthesis, localized surface plasmon resonance, microscopy,
photon, growth, sodium citrate, sensing, computer modelling, numerical

calculations.
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