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Pedepar:

1. Incepranjiiina po60Ta IPUCBIYEHA BUPIIEHHIO aKTyabHOI HAYKOBO-TEXHIYHOI ITpobeMu po3pobIeHHS 3acaf,
KEPOBAHOTO €JIEKTPOXiMIYHOTI'0, COHOEJIEKTPOXiMiYHOT'O Ta MiKpPOIJIa3MOBOTO CUHTE3y HAaHOYACTHUHOK Cpibia
cTabinizoBaHUX MoJieKyamu T1AP, 3 IpOrHO30BaHUMU po3Mipamu Ta (PYHKLIOHAJIbHMMU (30Kpema
aHTuOaKTepiasbHUMU, PYHTILUAHAMY Ta 6i0CYMiCHMME) BJIACTMBOCTSIMU. Ha mifcraBi mpoBeseHoro aHanisy
Ipxepes iHpopmalii mpoieMOHCTPOBAHO I7I00aJIbHUI TOIIUT Ha HAHOYACTUHKY Cpibia y pi3HUX ranyssx, 30Kpema B
MenuuuHi, dapmartiii, KocMeToJorii, KaTasisi, TeKCTUIbHIM MPOMUCIIOBOCTI TOIO. 3TiICHEHO OTJIsA]] BIaCTUBOCTEN
HAaHOYACTUHOK CPpibJia Ta iX 3aCTOCYBaHHS Yy BiAIOBiIHUX rany3sx. HaBeleHo NOPiBHSIHHS METOJiB CUHTE3Y
HAaHOYACTHHOK CPibJia Ta 3a3HAUY€HO IEePCIIEKTUBHICTh Ta KOHKYPEHTOCIIPOMOJKHICTb €JIeKTPOXiMiYHUX METOZIB,
30KpeMa uyepe3 KOHTPOJIbOBAHICTh, EKOHOMIYHICTb Ta BiJI[IOBIAHICTb MPUHLMAIIAM “3€JI€HUX TEXHOJIOTIi. Y nepuomy
PO37iJIi OnMcaHO 0COGIMBOCTI €JIEKTPOXiMIYHOrO cuHTE3y AGNPS y BOJHMX PO3YMHAX Ta aKLIEHTOBAHO yBary Ha
BIUIMBI IPUPOAU Ta KOHUeHTpauii [TAP, rycTuHM CTpyMy Ta TeMIEpaTypyu Po60OTo po3unHy Ha POPMyBaHHS

HAaHOYACTMHOK Ta ix crabinizaniio. Ha nmizcrasi BuKianeHoro orjsily HayKoBoi JiitepaTypu chopMyJiboBaHa MeTa



IYCEePTaLifHOi pOOOTH Ta 3aBIAHHS, SIKi HEOOXigHO BUPIINTY 1714 il JoCSTHEHHS. [IpoBefeHO JOCTiIKEeHHS
€JIEKTPOXIMIYHOI'O CHUHTE3y HAHOYaCTUHOK Cpibia, cTabinizoBaHux MOHOMEPHOIO [TAP NprupoAHBOro MOXOIKEHHS
(pamHozinizoM) Ta nosriMmepHo0 cuHTeTHYHOO [TAP (HaTpieM noJliakpuiaTom) 3a BUKOPUCTAHHS )KEPTOBHOTO
aHo#y, Ta BU3BHAYE€HO OCHOBHI apaMeTpu npouecy. TakoX IPOBeLEeHO NOCiI)KeHHs aHOIHOI IOBEIiHKU Cpibia y
PO34MHAX 3a3HAYEHUX [IOBEPXHEBO-aKTUBHUX PEYOBUH. BCTaHOB/IEHO, 10 e(EeKTUBHE PO3YNHEHHS cpibia
BifOyBaeTbcs 3a nnotexHuianis 0,4...1 B, 3 yTBOpeHHSIM pO3unHHUX KoMILIeKCiB [AGRL]+ Ta [AgmPA](n-m)-, a
IIBAJIKICTb PO3YMHEHHS 301/IbLIYETHCS 32 PaXyHOK ITiIBUILIEHHS KOHLIEHTPAllii peareHTis Ta Temneparypu. 3Ha4yeHHs
eHeprii aktusauii (EA = 16,9 k[I>x/Mob y po3uyuHi RL Ta ~ 17,3 kI /Moib y po3unHi NaPA) Ta TemnepaTypHUX
koediuienTis (o0 = 1,5-2,5 % /rpapn) e1eKTpoxiMiYHOrO PO3YMHEHHS Cpibiia y po3urHax BifnosinHux [TAP BkazyioTs,
1110 YTBOPEHHSI HAHOYACTHUHOK CpibJia 31iliICHIOETHCS B €JIEKTPOJHOMY IIPOCTOPi i o6MekeHe nudyszieto.
BcTaHOBIIEHO, 110 aHOJHE PO3YMHEHHS CPibJla € MBUJIIMM 3a KaTOJHE BiTHOBJIEHHS], a 32 HECTALlilOHAPHOTO
nizBeJleHHs CTPyMY LIBUIKICTb [IPOLIECY 3HAUHO 3pocTae. 3a gonomoron YO-Bup cnekTpockomii oliHeHo
CIIOCTEPEe>KyBaHi KOHCTAHTH IIBUIKOCTI 3apOIKEHHSI Ta POCTY HAHOYACTHUHOK CpibJia 3a1eXXHO Bif TeMIIepaTypH Ta
KOHLeHTpauii nocnigkyBanux [TAP-crabinizatopis. JocigkeHo KiHeTuky yrBopeHHst AGNPs B po3uuHi s
esiektTpoxiMiyHoi (k = 0,0092 xB -1) Ta ximiunoi (k = 0,0028 xB-1) cknazmoBoi npouecy. BcTaHOBIEHO ONTUMAbHUN
nianazoH pH 1J1s enekTpoxiMiyHOTO CMHTEe3y HaHOYaCTHHOK cpiba. [TokasaHo, 110 ofep>kaHi HAHOYaCTUHKY MaloTh
po3mipu y pianasoHi 2...30 HM, i AEMOHCTPYIOTb BUCOKY CTabiIbHICTh Ta aHTUMIKPOOHY aKTHUBHICTb I10 BiJHOIEHHIO
II0 BUIIpOOyBaHMX IITaMiB 6akrepiil (Staphylococcus aureus (3osoTucTtuil cradinokok) ta Listeria monocytogenes
(JTicTepis)) Ta HU3BKY QITOTOKCUYHICTD, IO POOUTH iX ePEKTUBHMUMU Ta GE3MIEeYHNMHU 1711 BUKOPHCTAHHS B
Me[MLIVHI Ta arpoCEKTOPi. LOCIiI>)KeHHs aHOJIHOI ITOBEIiHKU CpibJia Y po3urHax 3a3HaY€HUX [10BEPXHEBO-aKTUBHUX
pevyoBUH. BcTaHOBJIEHO, 0 e(PEKTHBHE PO3YMHEHHS Cpibiia BifndyBaeTbcs 3a noreHujanis 0,4...1 B, 3 yTBopeHHSIM
PO34YMHHUX KOMILIEKCiB [AgRL]+ Ta [AgmPA](n-m)- , a IBUIKICTb PO3YMHEHHS 301JIbUIYETHCS 32 PAXYHOK
IiABUILEHHS KOHLIEHTPAllii peareHTiB Ta TemnepaTtypu. 3HayeHHs eHeprii aktusalii (EA = 16,9 k[[)k /MOJIb y pO34YuHi
RL ta = 17,3 x>k /monb y po3unHi NaPA) Ta TemnepaTypHux Koe@ilieHTiB (0 = 1,5-2,5 % /rpan) eJ1eKTpOxiMiYHOrO
PO34YMHEHHS CpibJa y PO34MHax BifnoBigHuX [TAP BKa3yloTb, 1110 YTBOPEHHS HAHOYACTUHOK Cpibia 3[iICHIOETbCS B
€JIEKTPOJHOMY IIPOCTOPi i o6MeskeHe audy3sieto. BcTaHOBIIEHO, IO aHOAHE PO3YMHEHHS Cpibjia € IBUALINMM 3a
KaTOJHE BiJHOBJIEHHS, a 3a HECTAL[IOHAPHOTO MiABEIEHHS CTPYMY WBUIKICTD IPOLECY 3HAYHO 3pOCTae. 3a
Jonomoron YO-Bug, cieKTPOCKOIii OL[iHEHO CIIOCTEPEXXYyBaHi KOHCTAaHTU MIBUAKOCTI 3apOPKEHHS Ta POCTY
HAHOYACTUHOK CpibiIa 3ay1eXHO Bif TeMIepaTypy Ta KOHLEHTpaLii focigKyBanux [TAP-cTabinizaTopis.
JocnigxeHo KiHeTUKy yTBopeHHsI AGNPs B po3unHi 1151 enextpoximiunoi (k = 0,0092 xB -1) ta ximiunoi (k = 0,0028
xB-1) ckyanoBoi npouecy. BcTaHOBIEHO ONTUMAJIbHUM Aiana3oH pH 11 €1eKTPOXiMiYHOrO CUHTE3y HAaHOYaCTUHOK
cpi6sa. [lokasaHo, 10 OZep>KaHi HAHOYACTMHKY MAIOTh PO3Mipy y fiana3oHi 2...30 HM, i I€MOHCTPYIOTh BUCOKY
CTabiNIbHICTh Ta aHTUMIKPOOHY aKTHUBHICTB 110 BiTHOIIEHHIO O BUNIPOOYBaHUX IITaMiB 6akTepiii (Staphylococcus
aureus (3osoTuctuit cradinokok) Ta Listeria monocytogenes (Jlictepist)) Ta HU3bKy PiTOTOKCUYHICTD, 1110 POOUTH iX
e(eKTUBHUMU Ta 6e3M1eYHUMMU 111 BUKOPUCTAaHHS B MEIMIIMHI Ta arpOCEKTOPi. Ta HUXKYY JucnepcHicTs (d = 2,4 +
0,8 HM) IOPIBHSHO 3 €JIEKTPOXiMiYHUM MeToAoM (d = 8,3 + 3,9 HM) 3a OJHAKOBUX YMOB ITPOBEIEHHS JOCIiNy.
[TpoBeneHHS €1eKTPOXIMIYHOTO CUHTE3Y B yJIbTPA3BYKOBOMY I10JIi 3HAYHO 361/1bLIy€E MIBUAKICTD aHOHOTO

PO34YMHEHHS CPibJia i 3HMKye eHeprilo akTHBallii LIbOro IpoLecy.

2. The dissertation is devoted to solving the current scientific and technical problem of developing principles for
the controlled synthesis of silver nanoparticles by electrochemical, sonoelectrochemical, and microplasma
methods. These nanoparticles are stabilized with surfactant molecules and are characterized by predicted sizes
and specific functional properties, including antibacterial, fungicidal, and biocompatible properties. Based on the
analysis of information sources, the global demand for silver nanoparticles in various industries, including
medicine, pharmacy, cosmetology, catalysis, and the textile industry, is evident. This thesis provides an overview of
the properties of silver nanoparticles and their applications in these sectors. It also compares the methods of
synthesizing silver nanoparticles, highlighting the promising and competitive advantages of electrochemical
methods, particularly their controllability, economy, and alignment with the principles of 'green' technologies. The
first chapter describes the peculiarities of the electrochemical synthesis of AgNPs in aqueous solutions, focusing



on the effects of the nature and concentration of surfactants, current density, and temperature of the working
solution on the formation and stabilization of silver nanoparticles. Based on the review of scientific literature
presented, the dissertation defines the goal of the research and the tasks that must be addressed to achieve it. A
study was conducted on the electrochemical synthesis of silver nanoparticles stabilized by a natural monomeric
surfactant (rhamnolipid) and a synthetic polymeric surfactant (sodium polyacrylate) using a sacrificial anode.
During this study, the main parameters of the process were determined. Additionally, the anodic behavior of silver
in solutions containing these surface-active substances was also studied. It was established that the effective
dissolution of silver occurs at potentials between 0.4 and 1V, with the formation of soluble complexes [AgRL]+ and
[AgmPA](n-m)- . The rate of dissolution increases with higher concentrations of reagents and temperature. The
activation energy values (EA = 16.9 kJ /mol in RL solution and = 17.3 kJ /mol in NaPA solution) and temperature
coefficients (o = 1.5-2.5% per degree) for the electrochemical dissolution of silver in solutions of the corresponding
surfactants indicate that the formation of silver nanoparticles occurs in the electrode space and is limited by
diffusion. It was established that the anodic dissolution of silver is faster than the cathodic reduction, and the
process's speed increases significantly with a non-stationary current supply. Using UV-Vis spectroscopy, the rate
constants for the nucleation and growth of silver nanoparticles were evaluated, depending on the temperature and
concentration of the investigated surfactant stabilizers. The kinetics of AgNP formation in solution were studied
for the process's electrochemical (k = 0.0092 min-1) and chemical (k = 0.0028 min-1) components. The optimal pH
range for the electrochemical synthesis of silver nanoparticles has been established. The obtained nanoparticles
have sizes in the range of 2...30 nm and demonstrate high stability and antimicrobial activity in relation to the
tested strains of bacteria (Staphylococcus aureus and Listeria monocytogenes) and low phytotoxicity, which makes
them effective and safe for use in medicine and agriculture. The results of studies on the influence of key
parameters on the silver nanoparticles synthesis by sonoelectrochemical method are presented. These studies
utilized cyclic voltammetry in solutions containing various surfactants. The research employed a wide range of
surfactant stabilizers, including monomeric natural surfactants (rhamnolipid and rhamnolipid biocomplex) as well
as polymeric synthetic surfactants (sodium polyacrylate and polyvinylpyrrolidone). It was established that
synthesis in an ultrasonic field leads to the formation of spherical nanoparticles within the size range of 2 to 25 nm
(Qaverage ~ 4.7 nm). These nanoparticles are significantly smaller and show lower dispersion (d = 2.4 + 0.8 nm)
compared to those produced by the electrochemical method (d = 8.3 + 3.9 nm) under the same experimental
conditions. Conducting electrochemical synthesis in an ultrasonic field significantly increases the anodic
dissolution rate of silver and reduces the activation energy of this process. It was also found that a change in
temperature and concentration of stabilizers affects the size of nanoparticles: an increase in temperature leads to
an increase in their size. In contrast, an increase in the concentration of stabilizers decreases them. A study was
conducted on the synthesis of silver nanoparticles stabilized with the sodium polyacrylate using microplasma. The
study found that this process is faster than electrochemical and sonoelectrochemical methods.
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Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. KoBanb IpyHa 3eHoBiiBHa

2. Iryna Z. Koval

KBasigikanis: k.x.u., o, 05.17.21

Imentudikarop ORCID ID: He zactocoyeTrbcs

JoparkoBa iHdopmamist:

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOM: HaujoHanbHuil yHiBepcuTeT "JIbBiBCbKA MOTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micuesﬂaxon)KeHHﬂ: ByJ. Crenana Bangepwy, 6yz. 12, JIbgis, 79013, Ykpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI
Bnacue IlpisBume Im's [To-6aTbKOBI 3HaK 3eHOBilt OpecToBNY

TOJIOBH pajgu



BaacHe IlpizBume Im's I10-6aTbKOBI 3Hax 3eHosilt OpecToBuy

TOJIOBYIOYOTO Ha 3acCiiaHHi
BiamoBimaibHUH 32 MiZTOTOBKY 'naris 3.51.
00JIiKOBUX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




