O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI

Jep>kaBHUH 00J1iIKOBHIH HOMeP: 0824U000867

Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peectpamnii: 09-02-2024

Craryc: Haka3 npo Bugady gumnioma

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. ITmoTa KoHCcTaHTHMH Bosoayumuposuy

2. Kostyantyn Pliuta

KBasmigikaris: 102

InenTudikarop ORCHID ID: He sactocosyerbcs
Bupg, pucepranii: nokrop dinocodii

IIIudp HayKoOBOi CIENiaILHOCTI: 102

HasBa HayKOBOi creniaJbHOCTI: Ximis
T'any3b / rasysi 3HaHB: NpuUpoOHNYI HAyKN
OcCBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: ximia
JlaTa 3axHcCTy: 28-02-2023

CreniaJbHICTh 32 OCBITOIO: Ximis

Micue po6oTu 3400yBayva:

Kopg 3a €1PIIOY:

Micue3Haxoa KEeHHSI:

dopma By1acHoOCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS



I11. BizomMocTi mIpo aucepraiiiro

Iudp cnenianizoBaHoi BYU€HOI pagHy (Pa30Boi creniajai3oBaHoOi BY€HOI pazu). 1d 09.102.2022 /
ID 880

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0C00H: OjiechKuil HallioHabHUI yHiBEpCUTET iMeHi 1. 1. MeyHuKoBa
Kopg 3a €IPIIOY: 02071091

Micue3HaxoaKeHHS: ByJI. [IBOpsiHCEKa, 6Y7. 2, Oneca, 65082, Ykpaina

dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAUYHOI 0COOM: OpechKuil Hal[iOHaIbHKI yHiBepeuTeT imeHi 1. 1. Meynukosa
Kopg 3a €IPIIOY: 02071091

Micue3HaxoaKeHHS: BYJ1. JIBOpSIHCBKA, 6yZ. 2, Oneca, 65082, YkpaiHna

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHIBEPCUTETCHKUIL

V. BizomocTi npo guceprariio
MoBga guceprTaiiii: Vkpaincbka
Koau remaTuyHHX pyﬁpPlK: 31.19, 31.19.03.05, 31.19.29

Tema guceprauii:
1. ByrisibHO-11IaCTOBUH €J1eKTPOl, MOIU(IKOBAaHMI O-LIUKJIOLEKCTPUHOM [1J1 BOJIbTaMIIEPOMETPUYHOTO BU3HAUEHHS
IesKUX Xap4OBUX OapBHUKIB.

2. Carbon-paste electrode modified with n-cyclodextrin for voltammetric determination of some food dyes.

Pedepar:

1. Inceprariito IpUCBsY€HO PO3POOLi HOBOrO BOJIbTAMIIEPOMETPUYHOTO CEHCOPA Ha OCHOBI BYTiJIbHO-TIACTOBOTO
€JIeKTPoJa, MOAM(DIKOBAHOIO O-IIUKJIOAEKCTPUHOM, BUBYEHHIO OCOOJIMBOCTE! ITPOTIKaHHS Ha 10r0 IOBEPXHi
pelloKC-peakliil 3a y4acTIo XapuoBUX a300apBHUKIB (TapTpasuH — TAP, XKostuii «3axig coHus» — XX3C, Kapmoasun
— KAH, ITonco 4 R — T14R, Crenianpunii YepBoHuiit AG — CYAG), a TakoX po3po0OLii METOANKY ixX
BOJIBTAMIIEPOMETPUYHOIO BU3HAYEHHS Y Pi3HUX MPOAYKTAaX Xap4yyBaHHs. BCTaHOBIIEHO, 110 YCi JOCIiIKEH]

LMKJIIYHUX BOJIbTAMIIEpPOrpaM Taki a3006apBHUKY, sIK JK3C Ta I14R okucooThCs KBa3izBOpoTHO, a KAH, TAP ta



CYAG noBHICTIO HE3BOPOTHO. BCTaHOBJIEHO CIIiBBiIHOLIEHHS IIPOTOHIB 10 €JIEKTPOHIB, 110 IPUIMAIOTh Y4acCThb B
okucHeHi 6apBHUKIB - 1:2 OK3C, TAP, CHAG, I14R) ta 1:1 (KAH). [Ipu BUBY€HHi BIJINBY IBUAKOCTi PO3TOPTKU
IoTeH1jay 6yJ10 BCTAHOBJIEHO, 110 IIPUPOJia CTPYMY OKMCHEHHSI [1J1s1 yCix OapBHUKIB Ha [10BEPXHi po3p06JI€HOr0o
CEHCOpYy Mae afcopOLifHMM XapaKTep. Buxoasuy 3 LbOro, BAKOPUCTOBYIOYM TeOpito JIaBipoHa, Oy/M po3paxoBaHi
KiJIbKiCTb €JIEKTPOHIB, 1[0 IPUIIMAIOTh Y4acCTh y IPOLieCi OKUCHEHHS 6apBHUKIB Ha NOBepXi esnekTpoay: 2 aJis JK3C,
TAP, CHAG, I14R Ta 1 g1 KAH. I[Ipu netanpHOMY JOCIHIIKEHH] HUKIIYHUX BOJbTaMIIEPOrPaM BCTAHOBJIEHO, 1O [
Takux 6apBHUKIB sIK JK3C Ta [14R npu 36ibleHi IBUAKOCTI pO3rOPTKY NOTEHIIialy CHiBBiIHOIIEHHS CTPyMY HiKy
OKMCHEHHS [0 BiAIIOBiTHOTO MOMY IiKy BiJHOBJIEHHSI 3MEHUIYETHCS, IO CBIAYMTD PO HAsIBHICTb HEOOOPOTHOI
XiMiqHOi peakuii 3 iHTepmeniaTom okucHeHHs (ECir mexaHi3m). IIpu neTanbHOMY NOCTiIKEHHI pefoKC-TIOBeiHKI
0apBHUKIB [1IpY METOJOM LIMKJIIYHOI BOJIbTaMIIEPOMETPii BCTAHOBJIEHO, 110 MIiCJIs IPOLECY OKUCHEHHSI Ha IUKJIIYHUX
BOJIbTAMIIEPOrpPaMax 3'BJISIIOTHCS KU HOBOi 060POTHOI pefokc-napu (okpim Bunazaxy TAP). BinnosigHuii
€KCIIEpUMEHT I10Ka3aB, 10 1ii peJJOKC-TIapy MOXKYTb YTBOPIOBATHUCS SIK MiCJIsl IPOLIECY OKUCHEHHS OAPBHUKIB, TaK i
nicsis mpotecy ix BiHOBJIEHHS 32 a30rpynolo. Buxonsuu 3 oTpumaHoi iHdopmaliii, 6ys10 3alIpONIOHOBAHO 3arajabHUN
MEXaHi3M OKHCHEHHS Xap4yOBUX a300apBHUKIB Ha [IOBEPXHi BYTiJIbHO-NIACTOBOTO €JIEKTPOLY, MOAU(pIKOBAHOTO O-
L[MKJIOAEKCTPUHOM. BUKOPUCTOBYIOUM 06'€eMHUIT MeTOJ, MO (iKyBaHHS 6yJI0 BCTAHOBJIEHO, 1II0 MAKCUMAaJIbHUN
CTPYM OKMCHEHHS XapuoBUX OapBHUKIB focsaraetecs rpu 10 mac.% Bmicty MogudikaTopy (0-LIUKIOLEKCTPUH) ¥
BYT'iJIbHO-TIaCTOBOMY €JIeKTpoii. BukopucroByouu piBHsHHSA PeHpenca-1lleBurka 6yy10 BCTAaHOBJIEHO, 1110 aKTMBHA
IJIONIA TIOBEPXHI BYTiJIbHO-IIACTOBOTO €JIeKTPOa, MOIN(PIKOBAHOTO O-LIUKJIOAEKCTPUHOM, cknagae 0.105 cM2, a
pi3HMIIS TOTeHLiaiB MiKiB cTaHJAPTHOI cucTeMu cTaHOBUTH 70 MB, 1m0 BKasdye Ha 7o6pi npoBinHi 31i6HOCTI
PO3p0o6JIeHOro ceHcopy. BukopucToByouu miaxin aacop61iiiHo-iHBepCiiiHOI BOJIbTaMIIEPOMETPii, 3aIIpOIIOHOBaHA
Mopugikalis, sika f03B0JIsI€ 3MEHIINATH KiJIbKICTh PO3YMHY [J1s1 IPOBENIEHHS BU3HAU€HHsI 10 10 MKJI, 110 CYTTEBO
3MEHIIy€ KiJIbKICTh XiMIiYHMX BiZIXOiB, KiJIbKiCTb BAKOPUCTAHHS aHAJITUYHUX CTAHAPTIB Ta 3MEHIIYe COOiBapTiCTh
[IPOBEJIeHHSI BU3HAYeHHs. MeTOIOM LIMKJIIYHOI BOJIbTaMIlepoMeTpii Oy/Ii ONTHMI30BaHi Taki mapameTpH, sk pH
ancop6buii (TAP, J)K3C, KAH, I14R CHAG - pHagzc 2) ta pH npoBezneHHs esnexkTposisy (TAP, )K3C, [T4R CHAG -pHexnexk.
7; KAH - pHexek. 3). BosnpramnepomeTpist 3 KBaJpaTHO-XBUJIbOBOK PO3TOPTKOIO MOTEHIIiaTy BUKOPUCTOBYBABCS K
METO/, KiJIbKiCHOTrO BU3HaueHHs. [Ticyig mpoBeieHHs ONTUMi3allii 0OpaHi HaCTYIHI 3HaUYEHHS: YaCTOTa KOJIMBaHHS 15
I'n gy1st yeix 6apBHUKIB, amIiTyga konnBaHHs — 50 MB (OK3C, KAH, CHAG) ta 35 MB ([14R, TAP). ¥ skocrTi
ONTHMAJIPHOTO Yacy HaKOMMYEeHHs 1J1s yciX 6apBHUKIB 06paHo 5 xB. TecT cTabiIbHOCTI 32 KOPOTKUI Ta JOBIUM
IIPOMIXKOK Yacy N0Ka3aB 33/10BiJIbHI pe3ysIbTaTy [IPYU BU3HAUEHi XapuOBUX a300apBHUKIB Ha BYTiJIbHO-TIaCTOBOMY
eJ1eKTpozi, MoanpiKOBaHOMY O-IIMKJIOAEKCTPUHOM. 3a ONITUMAJIbHUX YMOB BU3HAY€HHS XapyOBUX OAPBHUKIB Ha
BYT'iJIbBHO-TIaCTOBOMY €JIEKTPOii, MO M(PIKOBaHOMY O-LIUKJIOJEKCTPUHOM, IIPOBEEHO BalifaliiHUI eKCIIEPUMEHT Ta
BCTAHOBJIEHI OCHOBHI METPOJIOTIUHI XapaKTEPHUCTUKU CEHCOPY: AianasoH jiHiiHocTi (JK3C: 4.50-0.57 MKr/MJ1 Ta
0.57-0.07 mkr/mit; KAH: 5.00-0.30 mxr/mi; TAP: 5.30-0.17 mkr /mir; T14R: 3.00-0.19 mkr/mit; CHAG: 5.00-0.16
MKT/MJ1), Mexa BusiBsieHHs (XK3C: 42 ur/mi; KAH: 101 ur/mu; TAP: 60 ur/mi; [14R: 102 ur/mi; CHAG: 60 Hr/ma),
mexa BusHadeHHs (JK3C: 140 ur/mn; KAH: 337 ur/ma; TAP: 200 ur/ma; [14R: 340 ur/mi; CHAG: 200 Hr /M),
BigTBOpIoBaHiCTh (PK3C: 7.10 %; KAH: 8.80 %; TAP: 7.40 %; I14R: 6.90 %; CHAG: 7.20 %), koedillieHT IOBEpHEHHS
(PK3C: 96 %; KAH: 93 %; TAP: 93 %; I[14R: 96 %; CHAG: 94 %) Ta BinHOCHMI 3cyB (K3C: -4 %; KAH: -7 %; TAP: -7 %;
[14R: -4 %; CHAG: -6 %). Ins1 anpobaliii po3pobsieHoi MeTOnVKY OyIu 00paHi KOMEPLiNHO NOCTYIIHI IPOLYKTH
XapyyBaHHS Ta [IOAIisIeHi Ha 5 KJ1aciB: ra30BaHi Ta HEra30BaHi COJIOKI HAMOI, COKY, KeJIeNHi LlyKepKH,
€71260aJIKOr0JIbHI CUJIBHOTA30BaHi HAMoi Ta eHepreTuyHi Harnoi. Bukopuctosyiouyu Tect Qimepa, 6ys10 oKasaHo, 1o
L7151 ycix o6paHuX 3paskiB (OKpiM 3paskiB COKy Ta >KeJIeHHUX IIyKepOK), BUBHAU€HHS 6aPBHUKIB Ha BYTiJIbHO-
[IaCTOBOMY €JIEKTPOZi, MOIN(iKOBAHOMY O-LIMKJIOLEKCTPUHOM, Ja€ IIOXMOKY [TOPiBHSHY 3 MOXMOKOIO BU3HAYEHHS

meronomMm BEPX.

2. The dissertation is devoted to the development of a new voltammetric sensor based on a carbon-paste electrode
modified with o-cyclodextrin, to the study of the peculiarities of redox reactions on its surface of selected food azo
dyes (Tartrazine — TAR, Sunset yellow FCF — YS, Carmoisine — CAN, Ponceau 4R — P4R, Allura Red AC — ARAC), to
the development of methods for the voltammetric determination of food dyes in various food products. It was
established that all the investigated dyes on the developed sensor have both the azo group reduction peak and its



oxidation peak. According to the cyclic voltammograms, such azo dyes as YS and P4R are oxidized quasi-reversibly,
while CAN, TAR and ARAC are completely irreversibly oxidized. The ratio of protons to electrons participating in
the oxidation of dyes was established - 1:2 (YS, TAR, ARAC, P4R) and 1:1 (CAN). When studying the effect of the
speed of the potential sweep, it was established that the nature of the oxidation current for all dyes on the surface
of the developed sensor has an adsorption character. Based on this, using Laviron's theory, the number of
electrons participating in the process of oxidation of dyes on the surface of the electrode was calculated: 2 for YS,
TAR, ARAC, P4R and 1 for CAN. During a detailed study of cyclic voltammograms, it was established that for such
dyes as YS and P4R, with an increased speed of the potential sweep, the ratio of the oxidation peak current to the
corresponding reduction peak decreases, which indicates the presence of an irreversible chemical reaction with
an oxidation intermediate (ECir mechanism). During a detailed study of the redox behavior of dyes during a cyclic
potential sweep, it was established that after the oxidation process, peaks of a new reversible redox pair appear on
the cyclic voltammograms (except in the case of TAR). The corresponding experiment showed that these redox
couples can be formed both after the process of oxidation of dyes and after the process of their reduction by the
azo group. Based on the obtained information, a general mechanism of oxidation of food azo dyes on the surface of
a carbon-paste electrode modified with o-cyclodextrin was proposed. Using the volumetric method of modification,
it was established that the maximum oxidation current of food dyes is achieved at 10 wt.% content of the modifier
(o-cyclodextrin) in the carbon paste electrode. Using the Renedels-Shevchik equation, it was determined that the
active surface area of the carbon-paste electrode modified with o-cyclodextrin is 0.105 cm2, and the potential
difference of the peaks of the standard system is 70 mV, which indicates good conductive capabilities of the
developed sensor. Using the approach of adsorption-inversion voltammetry, a modification is proposed that allows
reducing the amount of solution for determination to 10 ul, which significantly reduces the amount of chemical
waste, the number of uses of analytical standards, and reduces the cost of determination. The cyclic voltammetry
method was used to optimize such parameters as adsorption pH (TAR, YS, CAN, P4R, ARAC - pHads 2) and pH of
electrolysis (TAR, YS, P4R, ARAC -pHelec. 7; KAN - pHelec. 3). Square-wave potential sweep voltammetry was used
as a quantitative method. After the optimization, the following values were selected: oscillation frequency 15 Hz for
all dyes, oscillation amplitude — 50 mV (YS, CAN, ARAC) and 35 mV (P4R, TAR). 5 min was chosen as the optimal
accumulation time for all dyes. The short- and long-term stability test showed satisfactory results for the
determination of food azo dyes on a carbon paste electrode modified with o-cyclodextrin. Under optimal conditions
for the determination of food dyes on a carbon-paste electrode modified with o-cyclodextrin, a validation
experiment was conducted and the main metrological characteristics of the sensor were established: the range of
linearity (YS: 4.50-0.57 pg/ml and 0.57-0.07 pg/ml; CAN: 5.00-0.30ug/ml; TAR: 5.30-0.17 ug/ml; P4R: 3.00-0.19
ug/ml; ARAC: 5.00-0.16 pg/ml), LOD (YS: 42 ng/ml; CAN: 101 ng/ml; TAR : 60 ng/ml; P4R: 102 ng/ml; ARAC: 60
ng/ml), LOQ (YS: 140 ng/ml; CAN: 337 ng/ml; TAR: 200 ng/ml; P4R: 340 ng/ml; ARAC: 200 ng/ml), reproducibility
(YS: 7.10 %; CAN: 8.80 %; TAR: 7.40 %; P4R: 6.90 %; ARAC: 7.20 %), recovery rate (YS: 96%; CAN: 93%; TAR: 93%;
P4R: 96%; ARAC: 94%) and relative shift (YS: -4%; CAN: -7%; TAR: -7%; P4R: -4%; ARAC: -6%). To test the developed
methodology, commercially available food products were selected and divided into 5 classes: carbonated and non-
carbonated sweet drinks, juices, jelly candies, low-alcohol strongly carbonated drinks and energy drinks. Using
Fisher's test, it was shown that for all selected samples (except juice and jelly candy samples), the determination of
dyes on a carbon paste electrode modified with o-cyclodextrin gives an error comparable to the error of HPLC
determination.
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