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1. ByrisibHO-IaCTOBUH €JIEKTPOI, MOIN(IKOBAaHUY O-IMKJIOAEKCTPUHOM [1J1 BOJIbTAMIIEPOMETPUYHOTO BU3HAYEHHS

IesIKUX Xap4uOBUX OApBHUKIB.

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

Pedepar:

1. Incepraliito NpUCBsIY€HO PO3POOLi HOBOTO BOJILTAMIIEPOMETPUYHOIO CEHCOPA Ha OCHOBI BYTiJIbHO-TIACTOBOTO
eJIeKTpoza, MOAM(}IKOBAHOTIO O-IUKJIOAEKCTPUHOM, BUBYEHHIO OCOBJIMBOCTE! ITPOTiKAHHS HA 10r0 IIOBEPXHI
pelloKC-peaklliil 3a yyacTio XapuoBuX a300apBHUKIB (TapTpasuH — TAP, JKosTuii «3axig coHus» — XK3C, Kapmoasun
— KAH, ITonco 4 R — T14R, CneuiansHnit YepoHuit AG — CHAG), a TakoXX po3po0Lii METOAUKY ix
BOJIbTAMIIEPOMETPUYHOTO BU3HAYEHHS Y Pi3HUX NIPOJYKTax Xap4yBaHHS. BCTaHOBIIEHO, 1[0 yCi JOCTiIKEH]
IIUKJIIYHUX BOJIbTaMIleporpaM Taki azo6apBHUKY, K JK3C Ta [14R oKUCHI0I0THCS KBa3i3BOpOTHO, a KAH, TAP Ta
CYAG NOBHICTIO HE3BOPOTHO. BCTaHOBJIEHO CIIiBBiIHOLIEHHS IIPOTOHIB 10 €JIEKTPOHIB, 10 IPUIMAIOTh Y4acCThb B
OKMCHeHi 6apBHUKIB - 1:2 OK3C, TAP, CYAG, [14R) Ta 1:1 (KAH). [Ipy BUBY€HHI BIJIMBY IIBUAKOCTi pO3TOPTKU

IOTeHI1jay 6yJI0 BCTAHOBJIEHO, 10 IIPUPOJia CTPYMY OKMCHEHHS [1J1s1 yCix 6apBHUKIB Ha [10BEPXHi pO3p00JI€HOr0



CEHCOpY Mae afcopOLifHMN XapaKTep. Buxoas4y 3 1bOro, BUKOPUCTOBYIOYM TeOpito JIaBipoHa, Oy/M po3paxoBaHi
KiJIPKICTb €JIEKTPOHIB, 10 IIPpUIIMAIOTh YYacTh Y IIPOLeci OKMCHEeHHs 6apBHUKIB Ha MoBepxi esnekTpony: 2 nys JK3C,
TAP, CHAG, I14R Ta 1 g1 KAH. IIpu netanpHOMY JOCIIIKEHH] HUKIIYHUX BOJIbTaMIIEPOTrPaM BCTAHOBJIEHO, LIO [IJI4
Takux 6apBHUKIB sIK JK3C Ta [14R npu 36iblIeHI IBUAKOCTI pO3rOPTKU NOTEHIIialy CHiBBiIHOLIEHHS CTPYMY HiKy
OKMCHEHHSI JI0 BiJIIIOBiJHOTO IOMY I1iKy BiJHOBJIEHHS 3MEHIIYETHCS, IO CBiJUNUTD NIPO HASIBHICTb HEOOOPOTHO]
XiMiqHOi peaxliii 3 iHTepmeniaTom okucHeHHs (ECir mexaHizm). [Ipu neTanbHOMY NOCTiIKEHHI pefoKC-TIOBeiHKI
0apBHUKIB [P METOJOM LIMKJIIYHOI BOJIbTAMIIEPOMETPii BCTAHOBJIEHO, IO IiCJIs IPOLIeCY OKUCHEHHSI Ha HUKJIIYHUX
BOJIbTAMIIEPOrPaMax 3'BJISIIOTHCS KX HOBOi 060POTHOI pefokc-napu (okpim Bunazaxy TAP). BinnosigHuii
€KCIIEpMMEHT I10Ka3as, 10 Li PeJOKC-TIapy MOKYTh YTBOPIOBATHUCS SIK IIiCJISI IPOLIeCY OKUCHEHHSI OapBHUKIB, TaK i
nicsisl mpolecy ix BifHOBJIEHHS 32 a30rpyIolo. Buxonsuu 3 oTpumaHoi iHdopmalii, 6ys10 3alIpONIOHOBAHO 3arajabHUN
MEXaHi3M OKACHEHHS Xap4YOBUX a300apBHUKIB HA [IOBEPXHi BYTiJIbHO-MIACTOBOTO €JIEKTPOLY, MOAU(pIKOBAHOTO O-
LIMKJIOAEKCTPUHOM. BUKOpUCTOBYIOUN 06'€eMHNMIT MeTOT, MO (iKyBaHHS 6yJI0 BCTAHOBJIEHO, 1II0 MAKCUMAaJIbHUN
CTPYM OKMCHEHHS XapuoBUX OapBHUKIB focsaraerecs rpu 10 mac.% Bmicty MogudikaTopy (0-LUKJIOLEKCTPUH) ¥
BYTiJIbHO-TIaCTOBOMY €JIEKTpOi. Bukopucrosyoun piBHsHHS PeHpenca-1lleBurka 6yy10 BCTAHOBJIEHO, 1110 aKTUBHA
IJI01I1A TIOBEPXHi BYTiJIbHO-TIACTOBOTO €JIeKTPOa, MOAM(iKOBAHOTO O-IIUKJIOAEKCTPUHOM, ckiazae 0.105 cm2, a
pi3HMIIS TOTEHLiaiB MiKiB CTaHJAPTHOI cucTeMu cTaHOBUTH 70 MB, 110 BKazye Ha no6pi poBinHi 31i6HOCTI
PO3p0obJIeHOro ceHcopy. BukopucToByouu niaxin agcop61iiiHo-iHBepCiifiHOI BOJIbTaMIIEPOMETPIi, 3aIIpOIIOHOBaHA
Mopu@ikanis, sika f03B0JIsI€ 3MEHIINATH KiJIbKIiCTh PO3YMHY 1J1s1 IPOBENIEHHS BU3HAUEHHsI 10 10 MKJI, IO CYTTEBO
3MEHIIYE KiJIbKiCTb XIMI{YHUX BiTXOZiB, KiJIbKiCTh BUKOPUCTAHHS aHATITUYHUX CTAHIAPTIB Ta 3MEHIIYE COOIiBapTICTh
IIPOBEJ€HHSI BU3HAYeHHS. MeTOIOM LIMKJIiYHOI BOJIbTaMIlepOMeTpii Oy/Iu ONTHMMI30BaHi Taki napameTpH, sk pH
apcop6uii (TAP, J)K3C, KAH, T14R CHAG - pHagc 2) ta pH nposezneHHs enexkTposisy (TAP, J)K3C, [T4R CHAG -pHexnexk.
7; KAH - pHexnek. 3). BosnpramnepomeTpist 3 KBaZpaTHO-XBUJIbOBOIO PO3TOPTKOIO MOTEHIiay BUKOPUCTOBYBABCS K
MeTOoJ KislbkicHOro Bu3HaueHHs. [Ticss nmpoBeneHHs onTuMisanii o6paHi HACTyIHI 3HaYeHHS: YaCTOTa KOJIMBaHHA 15
I'n gy1st ycix 6apBHUKIB, amIiTyga konuBaHHsL — 50 MB (OK3C, KAH, CHAG) ta 35 MB ([14R, TAP). ¥ skocrTi
ONTHMAJIPHOTO Yacy HaKOMUYEHHs J14 ycix 6apBHUKIB 06paHo 5 xB. TecT cTabiIbHOCTI 32 KOPOTKUI Ta JOBIUM
IIPOMDKOK 4acy TM10Ka3aB 3a/I0Bi/IbHI pe3yJIbTaTy IPY BU3HAYEH] XapuOBUX a300apBHHUKIB Ha BYTiJIbHO-MIACTOBOMY
eJIeKTpogi, MOAU(pIKOBAHOMY O-IIMKJIOAEKCTPHHOM. 3a ONITUMAIbHUX YMOB BU3HAY€HHSI XapyOBUX OAPBHUKIB Ha
BYTiJIbBHO-TIaCTOBOMY €JIEKTPO/ii, MOIM(PIKOBAaHOMY O-LIUKJIOJEKCTPUHOM, IIPOBEAEHO BajlifalliiHUI €KCIIEPUMEHT Ta
BCTAHOBJIEHI OCHOBHI METPOJIOTiUHiI XapaKTepPUCTUKU CEHCOPY: AianasoH jiHiiHOCTi (PK3C: 4.50-0.57 MKT/MJ1 Ta
0.57-0.07 mxr/mit; KAH: 5.00-0.30 mxr/mi; TAP: 5.30-0.17 mkr /mur; T14R: 3.00-0.19 mkr/mit; CHAG: 5.00-0.16
MKT/M1), Mexa BusiBiieHHs (JK3C: 42 Hr/mi1; KAH: 101 ur/mi; TAP: 60 ur/mi; [14R: 102 ur/mi; CHAG: 60 Hr/mi),
mexa BusHadeHHs (JK3C: 140 ur/mn; KAH: 337 ur/mi; TAP: 200 ur/mi; [14R: 340 ur/mi; CHAG: 200 Hr /Mma),
BigTBOproBaHicTh (PK3C: 7.10 %; KAH: 8.80 %; TAP: 7.40 %,; I14R: 6.90 %; CHAG: 7.20 %), koediljieHT TOBepHEHHS
(PK3C: 96 %; KAH: 93 %; TAP: 93 %; I[14R: 96 %; CHAG: 94 %) Ta BinHOCHUI 3cyB (K3C: -4 %; KAH: -7 %; TAP: -7 %;
[14R: -4 %; CHAG: -6 %). [Ins1 anpobalii po3po6sieHoi MeTOLMKY OyIu 00paHi KOMEPLiNHO JOCTYIHI IPOLYKTH
Xap4yyBaHHS Ta MOJijIeHi Ha 5 KJaciB: ra30BaHi Ta Hera3oBaHi COJIOJKI HAIlOi, COKY, SKeJIelHi LlyKepKHy,
€1260aJIKOTr0JIbHI CUJIBHOTA30BaHi HAIOi Ta eHepreTuyHi Harnoi. Bukopuctosyiouu Tect Qimepa, 6ys10 oKasaHo, o
L7151 ycix o6paHuX 3paskiB (OKpiM 3pasKiB COKy Ta >KeJIeHHUX IIyKePOK), BUBHAUEHHS 6aPBHUKIB Ha BYTiJIbHO-
[IaCTOBOMY €JIEKTPOZi, MOIN(IKOBAHOMY O-LIUKJIOAEKCTPUHOM, Ja€ IOXUOKY MOPIBHSHY 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 ug/ml and 0.57-0.07 pg/ml; CAN: 5.00-0.30pug/ml; TAR: 5.30-0.17 pg/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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