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Pedepar:

1. Y po6ori yHipikoBaHO yMOBU Ofep>KaHHS HaHOYACTOK MnO2 3 BOJHUX PO34YMHIB cosiell MaHrany (II) Ha moBepxHi
IIJIaHAPHOTO €JIEKTPOLY, BKPUTOTO ILIBKOIO iHAi-cTanyM okcupy (ITO), Ta mi1aHnapHOro ByrijIbHOTO
HaHOCTPYKTYPOBAHOTrO ejleKTpoay (HaHOIIBE) 3a MeTooM e1eKTpoocamkeHHs. JJoBeeHo, 10 MOP(OJIOriio
nokputTs MnO2Z - Bifi IIJIiBOK 4O OKPEMHUX HAHOYACTOK, MOKA PETYJIIOBATU 3MIiHOIO KOHLIEHTpallii [IPEKypPCopa,
[IOTEHIlia/ly Ta 4Yacy €JIEKTPOOCAIKEHHA. MeTOLOM LIMKIIIYHOI BOJIbTAMIIEPOMETPIi I0OBEIEHO, 110
HAHOCTPYKTypoBaHMi1 MnO2 nposBiise 6inblly €1€eKTPOXiMidHY aKTUBHICTb Y IPUCYTHOCTI TiIpOT€H NEPOKCULY,

MOPiBHSIHO 3 MaKPO YacTKamu abo miBkamu. [lokputts HaHOTIBE-MnO2 enexTpois miiBkowo SiO2, oTpuMaHO0



METO/IOM €JIEKTPOiHAYKOBAHOTO OCAPKEHHS, IIoNepepKae BUMMBAHHS MoaudikaTopa 3 MOBEPXHiI po6040ro
€JIEKTPOJY Ta MOoro 3abpyIHEeHHs IPOLyKTaMU OKUCHEHHS aHasliTiB. Mogudikosani HaHOIIBE-MnO2-Si02
€JIEKTPOJU MAIOTh Ha MOPSAOK HIKYY MeXXy BUsiBJeHHS (MB) Ta mupmuii niHifiHil nianason (J1]I) kaniopysBanabHOrO
rpagika pss BusHaueHHs H202, nopiBHsHO i3 HemonudikoBaHumu HaHOIIBE enextpogamu. IloTeHnian
IeTeKTyBaHHS rigporeH nepokcuny 3uususcs Bif 1,0 B o 0,65 B, mo cripusie oKpaiieHHIO CeJIeKTUBHOCTI
BM3HAUEHHS aHAJITY B IPUCYTHOCTI €KBIMOJISIPHOI KiZIbKOCTi aCKOp6iHOBOI KUCJIOTH, CEYOBUHU Ta TIOCEUOBUHU.
MeTonoM LMKIIIYHOI BOJIbTAMIIEPOMETPIi ITOKa3aHo, 1o YyacTku CuO, CUHTEe30BaHi METOLOM CIIiBOCA/I)KEHHS Ta
iHKarncyiboBaHi y Bl SiO2 Ha noBepxHi HAHOIIBE, mposBIAI0TE KaTaJiTUYHI BJIAaCTUBOCTI y peakuii po3Kkinany
H202. Orpumani HaHOIIBE-CuO-SiO2 enekrponyn MaoTh Ha MOPSAOK BUILY YYTJUBICTb Ta UMM JIJ] BUSHAYEHHS
rizporeH nepoxkcuy nopisHsaHO 3 HaHOIIBE-SiO2. Busnauenns H202 npoBoauiu npy KaTogHoMy nortexuiani -0,5
B, mo CyTTE€BO MOKpalllye CEJIEKTUBHICTb AETEKTYBaHHS aHAJIITY B IPUCYTHOCTI BiJHOBHUKIB — aCKOPOiHOBOI
KUCJIOTHY i Ce40BMHY, IOPiBHAHO 3 HeMonudikoBaHumM HaHOIIBE. Ha ocHoBi MogudikoBanux yactkamu MnO2 Ta
CuO enexTpofiB OTPMMaHO YyTJIMBi €JIeMEHTU 6i0CeHCOopiB. 3 1jielo0 MeTO0 (PepMEHTU iHKaIICY/II0BaIU Ha
[TIOBEPXHIO €JIEKTPOAIB y IIiBLi SiO2 32 METOIOM €JIEKTPOIiHAYKOBAHOIO OCaIKEHHSI. Bliepiue oTprMaHO
6ipepMEHTHI KOMIIO3UTHI IOKPUTTS LJISIXOM OJHOYACHOI iHKancysauii y miiskax SiO2 nBox ¢pepMeHTIB:
rioko3ookeuaasu (I'O) ta inBepTazu abo III0KO300KCHIa3u Ta MajlbTas3y, Ha noBepxHi HaHOIIBE-MnO2 Tta
HaHOIIBE-CuO-SiO2 enekTpoiB BiANoOBigHO. IHKancyaboBaHi (pepMeHTH 36€epiraloTh CBOIO KaTaliTU4HY aKTUBHICTb
I10 BiJHOIIEHHIO [0 Caxapo3U i MaJIbTO3! IIPOTATOM OGHOTO MiCSIs, y TOM 4ac SIK iX BOJHI pO3YMHU CTabijbHi
TKIeHb. Mogudikosani HaHOIIBE-MnO2-I'O-1uB-SiO2 ta HaHOIIBE-CuO-I'O-ManbTaza-SiO2 enextpoau
BUKOPMCTOBYBAJIM JJ151 BUSHAYEHHS CaXapo3M Ta MaJIbTO3U y 3pa3kax MeJly Ta 1Ba. BCTaHOBJIEHO, 1[0 METOIMKA
BOJIbTAMIIEPOMETPUYHOIO BU3HAYEHH CaXapo3u 3 BUKOpUCTaHHAM HaHOIIBE-MnO2-I'O-IuB-SiO2 enekrpony 3a
ONITUMAJIbHUX YMOB JI03BOJISIE IPOBOAUTY BU3HAYEHHS Caxapo3u Y IPUCYTHOCTI 50-KpaTHOTO HA/JINLIKY IJII0KO3U
Ta GpykTo3u. [IpaBubHICT PO3PO6IEHUX BOJIbTAMIIEPOMETPUYHUX METOAVK BU3HAYEHHS MCaxapUumiiB 3
BUKOPUCTAHHSIM MOIN(DIKOBAaHUX KOMIIO3BUTHUMU NMOKPUTTAMU MnO2-I'O-1uB-Si02 a6o CuO-I'O-ManbTraza-SiO2
HaHOIIBE esnekTpoziB nminTBepakeHo pepepeHTHUM METOJOM — BUCOKOE(DEKTUBHOIO PiIUHHOIO XpoMaTorpadiero.
OnTyMIi30BaHO METOMKY €JIEKTPOXIMIYHOIO OCaZyKeHHs YacTok Fe203 Ha nmoBepxHIo HaHOIIBE enexkTpopis.
Perysoi0un KiIbKiCTh LIUKJIIB €JIEKTPOOCAIKEHHSI OJlepKYIOTh IIOKPUTTS pizHOI MopdoJiorii, 110 MifTBEepIKEeHO
METOJIOM CKaHyI040i eJIeKTPOHHOI MiKpocKomii. MeTooM LIMK/IiYHOi BOJIbTaMIIEPOMETPIi JOBEAEHO, 10 HANbiIbITY
€JIEKTPOXIMIYHY aKTUBHICTb Y IPUCYTHOCTI TiApOreH MepoKCUly MaloTh HAHOYACTKU oKcuzny depymy (II1). 3a ymos
mopudikyBaHHs Ha noBepxHi HaHOIIBE yTBOproeThCs cymim crionyk Fe203 ta FeO(OH), mo noBereHo MeTogom
EDX. ITokpurtst HaHOIIBE-Fe203 enexTpogis miikoro SiO2 nonepemkae BUMUBaHHA Mogu@ikaTopa Ta [10Kpallye
CTabiJIbHICTh aHATITUYHOTO BifITYKY TiJpOT€H NEePOKCUIY B 4 pa3y MOPIiBHIHO 3 HEMOAU(IKOBAHUM €JIEKTPOJIOM.
[Ipore perexkryBanHs H202 3 BukopucranHsam HaHOIIBE-Fe20O3-SiO2 yckiagHeHO 3aBaKalOuUM BIIMBOM
PO3YMHEHOrO Y BOJli KUCHIO. MeToZoM LMKJIIYHOI BOJIbTaMIIepoMeTpii JoBeieHo, 110 rifpokcudeHinaMiny,
30KpeMa, fodaMiH i napaueTamorl, € eJ1eKTPOAaKTUBHMMU Ha NIoBePXHi HaHOIIBE-Fe203-Si02. JliMiTyo4olo cTagieio
OKHMCHEHHS-BiTHOBJIEHHS OCJIiIPKEHUX aHAJITIB € aficopOliisl Ha MOBepXHi MOAN(PIKOBAHUX €JIEKTPOIiB. Y TO! Yac
Kk 1711 HaHOIIBE simityiouoro cramieto € nudysis. OTpuMaHi pe3ysibTaTi LO3BOJISIOTH IIPUITYCTUTY, LIO Mepe
OKMCHO-BiJHOBHOIO peaklielo Ha MoAN(iKOBAaHUX €JIEKTPOJaX BiiOyBaeThCsl KOOPAMHALLS OCIIPKEHUX CIIOJIYK
yepes ix rigpokcuibHi rpynu 3 Fe(Ill) Ha noBepxHi. PO3p0o61€HO METOAMKY €JIEKTPOXIMIYHOrO BU3BHAUEHHS
nodamiHy Ta mapaneTaMosy 3 BUKOpUCTaHHSIM HaHOIIBE-Fe203-SiO2 enekTponiB MeTonom audepeHiiiHO-
iMmysibcHOI BosibTamiiepometpii (IIB). Inkarncynsiis ByrieneBux HaHodyacToK (HaHOC) y nniBky SiO2 Ha roBepxHi
HaHOIIBE nae MOXKJIMBICTb Ha NOPSIOK 3HU3UTU MB i NOKpaIyTy CeeKTUBHICTb BU3HAY€HHS JodaMiHy Ta

napaueramoJty nnopisHsHO 3 HaHOIIBE ta HaHOIIBE-Fe203-SiO2 enekrpogamu.

2. This work describes the conditions for obtaining MnO2 nanoparticles from aqueous solutions of manganese
salts (II) on the surface of a planar electrode covered with an indium-tin oxide film (ITO) and a planar carbon
nanostructure electrode (nanoSPCE) by electrodeposition. The morphology of MnO2 coating from films to
individual nanoparticles can be regulated by changing the precursor concentration, the potential and the
electrodeposition time. Cyclic voltammetry has shown that nanostructured MnO2 exhibits greater electrochemical



activity in the presence of hydrogen peroxide compared to macro particles or films. Coating of nanoSPCE-MnO2
electrodes with SiO2 film, obtained by electrochemical deposition, prevents removal of the modifier from the
surface of the working electrode and its pollution by oxidation products of analytes. Modified nanoSPCE-MnO2-
SiO2 electrodes have an order of magnitude lower detection limit (LOD) and wide linear range (LR) of the
calibration graph for H202 detection compared to unmodified nanoSPCE electrodes. The detection potential of
hydrogen peroxide decreased from 1,0 V to 0,65 V, improving the selectivity of detection in the presence of an
equimolar amount of ascorbic acid, urea and thiourea. Cyclic voltammetry has shown that CuO particles
synthesized by co precipitation technique and encapsulated in SiO2 film on the surface of nanoSPCE exhibit
catalytic properties in the H202 decomposition reaction. The obtained nanoSPCE-CuO-SiO2 electrodes have an
order of magnitude higher sensitivity and broader linear range of hydrogen peroxide determination compared to
nanoSPCE. H202 determination was performed at -0,5 V cathodic potentiation, which significantly increases the
selectivity of detection of analyte in the presence of ascorbic acid and urea, compared with unmodified nanoSPCE.
Sensitive biosensor elements were obtained using electrodes modified with MnO2 and CuO particles. For this
purpose, the enzymes were encapsulated onto the surface of the electrodes in SiO2 film by electro assisted
deposition method. For the first time, two enzymes: glucose oxidase and invertase or glucose oxidase and maltase
were encapsulated into SiO2 films on the surfaces of nanoSPCE-MnO2 and nanoSPCE-CuO-SiO2 electrodes
respectively. The encapsulated enzymes retain their catalytic activity towards sucrose and maltose for one month,
while their aqueous solutions are stable for a week. Modified nanoSPCE-MnO2-GO-InV-SiO2 and nanoSPCE-CuO-
GO-Maltase-SiO2 electrodes were used for the determination of sucrose and maltose in samples of honey and
beer. The methodic of voltammetric determination of sucrose using nanoSPCE-MnO2-GO-InV-SiO2 electrode
under optimal conditions allowed to carry out sucrose determination in the presence of 50-times excess of
glucose and fructose. The validity of the developed voltammetric detection of disaccharides using nanostructured
electrodes modified with MnO2-GO-Inv-SiO2 or CuO-GO-Maltase-SiO2 nanoparticle electrode was confirmed by
reference method - high-performance liquid chromatography. Optimized technique of electrochemical deposition
of Fe203 particles on the surface of nanoSPCE electrodes. By regulating the number of electrodeposition cycles
the coatings are obtained with different morphology, which was confirmed by scanning electron microscopy.
Ferum (III) oxide nanoparticles were shown to be the most electrochemical active substances in the presence of
hydrogen peroxide by the cyclic voltammetry method. Under the conditions of modification, the Fe203 and
FeO(OH) mixture of compounds are formed on the surface of nanoSPCE, which were confirmed by EDX method.
Coating the nanoSPCE-Fe203 electrodes with a SiO2 film prevents washout of the modifier and increases the
stability of the analytical hydrogen peroxide increased in four times compared to a non-modified electrode.
However, H202 detection with nanoSPCE-Fe203-SiO2 was hampered by the interfering influence of the dissolved
oxygen in water. Hydroxyphenylamines, in particular dopamine and paracetamol, were shown to be electrically
active on the surface of nanoSPCE-Fe203-SiO2 by cyclic voltammetry. The limiting stage of oxidation-reduction of
the studied analytes was adsorption on the surface of the modified electrodes. Whereas for nanoSPCE the
limitation stage is diffusion. The results obtained allow assuming that before the redox reaction on the modified
electrodes the coordination of investigated compounds through their hydroxyl groups with Fe(IIl) on the surface
takes place. The methodics of electrochemical determination of dopamine and paracetamol using nanoSPCE-
Fe203-Si02 electrodes by the diferential pulse voltammetry (DPV) method were developed. Encapsulation of
carbon nanoparticles (nanoC) in a SiO2 film on the surface of nanoSPCE enables an order of magnitude reduction
of detection limit and improvement of selectivity of detection of dopamine and paracetamol compared to
nanoSPCE and nanoSPCE-Fe203-SiO2 electrodes.
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