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AHHOTAIIUA

BBengenue. I'mipobunbHble aHTHOKCH/IAHTHI JOCTATOYHO MPHUBJIEKATEIBHBI JIJIs UCIOJB30BAHUSI B OHOJIOTHH,
BETEPUHAPUHY U MeIUIINHE BCIIEICTBHE X BBICOKOHM GMOIOCTYITHOCTH U CKOPOCTU TPAHCIIOPTA, Y100CTBA BBEIEHUS U I03H-
pOBaHUA, BO3MOXKHOCTH IPHUMEHEHUS B MH(Y3HMOHHOH TEPAUU OCTPBIX COCTOSHHUH. TPaJiMIIMOHHO HCIIOJIH30BAHUE
(beHOIPHBIX AHTHOKCUIAHTOB HE IPEIOJIarayio HAINYKME Y HUX IHAPOGUIBHBIX CBOMCTB: HAIIPOTUB, JUIOPUIBHOCTH
651712 OOJIee IPeATIOUTUTEIbHA. B 5T0M €BA3M He yAUBUTETBHO, YTO YHCJIO U3BECTHBIX BOAOPACTBOPUMBIX GOpM (heHOIb-
HBIX AaHTUOKCH/IAHTOB BeChMa OTPaHUYEHO.

IT e 1 b . KosmuecTBeHHOE OIIpesiesieHNEe CYOCTAHIIMH BOJIOPACTBOPUMOTO aHTUOKCUAAHTA Td-7 MeTO/J0M MHBEPCHUOH-
HOH BOJIBTAMIIEDOMETPUH.

MaTtepuanb U MerTossb . OObEKT UCCIETOBAHUA — HOBAs (hapManeBTHYECKas CyOCTAHIINA BOZOPACTBOPHU-
Moro antTuokcuganta Td-7 (3-(4-rugpokcu-3,5-TUMeTHI0EH3UITHO) IIPOIIUOHAT Katus). VICIoIb30BaJICs METO/] HHBEP-
CHOHHOH BOJIbTaMIIEDOMETPHU.

PesynbTart bl . OnpesesreHbl OCHOBHbIE TApDAMETPbI METOAMKHU, B YACTHOCTH CKOPOCTh Pa3BEPTKH, MOTEHIINA U
BpeMs HakoIuteHus1 TD-7, KOTOpble OKa3bIBAIOT HANOOJIbIIIEe BIUSHIE Ha KOJTMUECTBEHHbIE XapAKTEPUCTUKN AaHAJIUTHYE-
CKOTO CHTHaJIa. YCTaHOBJIEHA 3aBUCHMOCTD KOJIMYECTBA BEIIECTBA OT KOHIIEHTPAIIUU U MUHUMAJIBHO ONIpeZiesisieMas KOH-
nenTpanys. [Togo6pans! onTHMaIbHBIE (DOHOBBIE JIEKTPOJIUTHI, HA KOTOPBIX HOSABJIETCA aHATUTHIECKUH CUTHAIL. B X0z1e
OIIEHKH JITHEHHOCTU YCTAHOBJIEHO 3HaUeHUe KO3 PUITHEHTA JIMHEHHOCTH Pa3paboTaHHON METOUKHU — 0.997.
3axiunwodueHue. Ilogobpanusle napamerpsl (GOHOBBIH 3JIEKTPOJIUT, PAOOUYUI BJIEKTPOA U 3JIEKTPOJ, CPABHEHUH,
MOTEHIIUAJ ¥ BPeMsI HAKOIIEHUsI, HAYaJI0 U CKOPOCTh Pa3BEPTKH, BPEMs MEPEMENTNBAHMS) JAI0T BO3MOXKHOCTh KOJIUYe-
CTBEHHOTO OTIpeieJIeHUs] CyOCTAHIIMH BOIOPACTBOPUMOTO aHTHOKCcH/jaHTa Td-7.

Kaouesvle caoea: aktuBHasA dapMaleBTHUYecKas CyOCTaHIV BOJOPACTBOPUMOTO aHTHOKcHUAaHTa T®-7, NTHBEPCHUOH-
Has BOJIBTAMIIEPOMETPUS, CIIEKTOPOGOTOMETPHS.

Oo6pasen murupoBaHusna: Mykyaasu B.T., IBanoBckas E.A., Jluroctaes A.B. PazpaboTka METOIUKH KOJTHUE-
CTBEHHOTO OIIpe/ieJIeHUsI CyOCTaHIIUU TUAPOGUIBHOTO AaHTHOKCUAAHTA TO-7 MEeTO0M HHBEPCHOHHON BOJIBTAMIIEPO-
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Development of a method for quantitative determination of the
hydrophilic antioxidant TF-7 substance by stripping voltammetry
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ABSTRACT

Introduction. Hydrophilicantioxidants are quite attractive for use in biology, veterinary practice and medicine
because of their high bioavailability and transport rates, convenience of administration and dosing, suitable for use in infu-
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sion therapy in acute conditions. Traditional use of phenolic antioxidants did not presuppose their hydrophilic properties;
rather, lipophilicity was preferred. In this regard, it is not surprising that the number of known water-soluble forms of
phenolic antioxidants is very limited.

A i m . Quantitative determination of the water-soluble antioxidant TF-7 substance by stripping voltammetry.
Materials and methods. Anobject of the study was a new pharmaceutical substance of the water-sol-
uble antioxidant TF-7 (3-(4-hydroxy-3,5-dimethylbenzylthio) potassium propionate). For quantitative determination,
stripping voltammetry was used.

R e sults. The main parameters of the method, in particular sweep rate, time and potential of accumulation, which
have the greatest influence on the quantitative characteristics of the analytical signal, were determined. The dependence of
amount of the substance on concentration and the minimum detectable concentration are established. Optimal back-
ground electrolytes were selected, on which the analytical signal appears. Assessment of linearity showed the coefficient of
linearity for the method developed was 0.997.

Conclusion. Theselected parameters (background electrolyte, working electrode and reference electrode, accu-
mulation potential and time, start and rate of sweep, mixing time) make it possible to quantify the water-soluble antioxi-
dant TF-7 substance.

Keywords: active pharmaceutical substance of the water-soluble antioxidant TF-7, stripping voltammetry, spectoropho-
tometry.
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BBEJAEHUE

AKTHBHOE TIpUMEHEHHWE AaHTHOKCUIAHTOB B
MEJUIIUHCKON IPAaKTUKE 3HAYUTEJIBHO YCUJIUJIO
HWHTepeC WCCJIeIoBaTe el K MU3yUYeHUI0 Pa3THYHbIX
TUIIOB aHTHOKCH/IAHTOB, KOTOPBIE JIEJISTCS Ha JIUIIO-
¢dunpable U ruapoduibHbIEe [1, 2]. BosbmurHCTBO
WCCJIEIOBAHUU TIOCBSAIIEHO JMMOQMUIBHBIM BeIle-
CTBaM, OJIHAKO THAPOQUIbHbIE BEIECTBA TaKKe
MIPE/ICTAIAIOT GOJIBIION WHTEpec. I'mapoduiabHbIe
AHTHOKCHJIAHTHI JIOCTATOYHO MTPUBJIEKATETBHBI JIJIS
WCI0JIb30BaHUs B OMOJIOTUU, BETEDUHAPUU U MEJIU-
I[MHE BCJIEJICTBHE HMX BBICOKOW OHMOOCTYITHOCTH U
CKOPOCTH TPAHCIIOPTA, YA0OCTBA BBE/IEHUS U JI03U-
pOBaHUsA, BOBMOKHOCTH IPUMEHEHU B HHDY3UOH-
HOH Teparuu OCTPHIX COCTOSTHUH [2].

TpafuIIMOHHO  WCHIOJB30BaHUE  (PEHOJIBHBIX
AHTHOKCH/IAHTOB HE MPEIIOJIarajio HAINYNE Y HUX
ruApOoGWIBHBIX CBOMCTB: HAIPOTHB, JIUIOQMUIb-
HOCTH ObLIa 60JIee Mpe/IOYTUTEIbHA. B 3TOM cBA3H
HEYANBUTEJIHHO, YTO YUCJIO U3BECTHHIX BOJIOPACTBO-
puUMBIX (popM (PEeHOTBHBIX aHTHOKCUJAHTOB BEChMa
orpaHuueHo [3]. B psmy abuoreHHBIX MHTHOUTOPOB
CBOOOHOPAIMKATIFHOTO OKUCJIEHUS OTHIUM U3 Hau-
60s1ee 3(PHEKTUBHBIX ABJIAIOTCA ATKUINPOBAHHBIE
(eHosIBI, COmepKaIIie B 3aMeCTUTENAX (QYHKIIHO-
HaJIbHbIE TPYIIbI ¢ OMBaJIEHTHOU cepodl. Bricokast
3(pHEKTUBHOCTh TAKUX THO- U AIKUI(PEHOJIOB 00y-
CJIOBJIEHA CUHEPTUYECKUM COUETAHHEM aHTUPAIU-
KaJIbHON aKTUBHOCTU UX I'MJIPOKCHAPUIIBbHBIX (dpar-
MEHTOB C IPOTUBONEPOKCUHON aKTUBHOCTBIO CEPO-

INTRODUCTION

The active use of antioxidants in medicine has
greatly increased the interest of researchers in study-
ing different types of antioxidants, which are divided
into lipophilic and hydrophilic [1, 2]. Most studies
are devoted to lipophilic substances, but hydrophilic
substances are also of great interest. Hydrophilic
antioxidants are very attractive for use in biology,
veterinary practice and medicine due to their high
bioavailability and transport rate, convenience of
administration and dosing, and possibility of use in
infusion therapy in acute conditions [2].

Traditionally, the use of phenolic antioxidants did
not involve their hydrophilic properties; rather lipo-
philicity was preferred. In this regard, it is not surpris-
ing that the number of known water-soluble forms of
phenolic antioxidants is very limited [3]. Among abio-
genic inhibitors of free radical-mediated oxidation,
one of the most effective are alkylated phenols con-
taining functional groups with bivalent sulfur in sub-
stituents. The high efficiency of such thio- and alkyl-
phenols is due to the synergistic combination of the
antiradical activity of their hydroxyaryl fragments
with the antiperoxidative activity of sulfur-containing
groups [4]. Such antioxidants are developed accord-
ing to a single principle and consist of an alkylphenol
scaffold and a polar fragment that gives the compound
the ability to dissolve in aqueous media [5].

The TF-7 (3-(4-hydroxy-3,5-dimethylbenzyl-
thio) potassium propionate) substance, developed
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coJiepskarux rpyii [4]. Takue aHTHOKCHUTAHTHI pa3-
pabaThIBAOTCSA 10 IMHOMY IPHUHITUAIY U COCTOSIT U3
ATKWI(hEHOIHHOTO OCTOBA U TOJIIPHOTO hparMeHTa,
JTAOIIETO COEUHEHUIO CIIOCOOHOCT PACTBOPSITHCS B
BOZHBIX cpefax [5].

Cy6cranius T®-7 (3-(4-ruapokcu-3,5-1UMeTHII-
OEH3WITHO) IPOIMMMOHAT KAJIHsA), padpaboTaHHAas Ha
kadeape xumuu HoBOCHOUPCKOTO TroCy/lapCTBEH-
HOTO TI€JJaTOTHYECKOTO0 YHHUBEPCUTETA COBMECTHO C
HUM xumuu aHtHOKcHzaHTOB (HoBocubupck),
ABJIAETCH TIEPCIEKTUBHBIM T'HMAPODUILHBIM JIeii-
CTBYIOIIIUM BEIIECTBOM C aHTUOKCHJIAHTHOU aKTHB-
HOCThIO [2]. /It moaTBepskieHus 3P PEKTUBHOCTH U
GesomacHocTd CyOCTaHIUKU HEoOXOAUMO paspabo-
TaTh TapaMeTPhl CTAHAAPTU3AIUN U METOTUKH KOH-
TPOJIsI KauyecTBa, KOTOPBIE IIO3BOJIAT 00ECIIeYnuTh
HEOOXOMMMBI YPOBEHb KauecTBa IMPHU IIPOU3BOJI-
CTBe JIAHHOH CyOCTaHIIMU U JIEKAPCTBEHHBIX Iperna-
paroB c Hell. B uTeparype He MpPeICTABIEHO METO-
JINK Ka4eCTBEHHOTO U KOJUYECTBEHHOTO OIIpezesie-
HUA 711 HOBOU cyOctaHIuu Td-7.

JIJ151 TPOCTOTO ¥ BOCITPOM3BOIUMOIO aHAIM3A U3
DJIEKTPOXUMHUYECKUX METO/IOB /JISI OPTaHHUYECKUX
COEIMHEHUH IITUPOKO IPUMEHSIETCS METOJ, UHBEP-
CHOHHOM BosibTamriepomerpuu. CyTb MeTO/1a 3aKJII0-
YaeTcsi B IIpeBAPUTEILHOM HAKOILJIEHUH aHATU3H-
PyeMOTO BeIecTBa IyTEM 3JIEKTPOJIM3a Ha DJIeK-
TPOJie C TMOCJIEAYIONUM €ro pPacTBOPEHUEM IIPHU
JIMHEWHO CHIKAIOIIeMcs noTenmuate [6, 7].

ITEJIb UCCJIEJIOBAHUSA

PazpaboTka METOMKH KOJUYECTBEHHOTO OIlpe-
JleJieHnsi CyOCTaHIIMH BOZOPACTBOPUMOTO aHTHOK-
cuyianta T®-7 MeTo0M UHBEPCUOHHOU BOJIBTaMIIE-
poMeTpum.

MATEPUAJIBI 1 METO/bI

OO6BeKT ucce0BaHuUs: CyOCTAHIIHU BOJOPACTBO-
pumoro antuokcuganta Td-7 (3-(4-ruapokcu-3,5-
MUMeTHIOEH3UITHO) IPOITUOHAT KaJIusl), CHHTE3H-
poBaHHAasA U Ipou3BeJleHHasA Ha Kadepe XUMUHU
HoBocuOGHUpPCKOro TOCYIapCTBEHHOTO IIe/laroruye-
CKOro yHuBepcurera coBMecTHo ¢ HUU xumunu
anTuokcuanToB (HoBocubupck). 3yueHue siek-
TPOXUMUYECKUX CBOMCTB CyOCTaHIIUM ITPOBOAMIN
Ha noJiyaBToMaTtndeckoMm ananusarope TA-4 (000
«HIIIT «TompanaauT», r. TOMCK) ¢ TPOrpaMMHBIM
obecrieuenneM VALabTx. AHajn3 OCYIIECTBIISIIN
IyTEM PETUCTPAINU TOJAPU3ANHNOHHBIX KPUBBIX C
IIpe/IBapUTEIBHBIM 3JIEKTPOXUMHUYECKUM HaKOILIe-
HueM TO-7 Ha MOBEPXHOCTH 3JIEKTPOJIA B CTAaHAAPT-
HBIX YCJIOBUSX, B IBYX2JIEKTPOIHOU suelike. B kaue-
CcTBe PabovuX 3JIEKTPOIOB UCIIOJIb30BAIM PTYTHO-
IUIEHOUHbBIE (aMaJsibraMHBbIE), CTEKJIOYTJIEPOTHBIE K

at the Department of Chemistry of Novosibirsk
State Pedagogical University in cooperation with
the Research Institute of Antioxidant Chemistry
(Novosibirsk), is a promising hydrophilic active
substance with antioxidant activity [2]. To confirm
the efficacy and safety of the substance, it is neces-
sary to develop standardization parameters and
quality control methods that will ensure the appro-
priate level of quality in the production of this sub-
stance and medicinal products with it. The litera-
ture does not provide methods of qualitative
and quantitative determination for the new sub-
stance TF-7.

For organic compounds, among electrochemical
methods, the technique of stripping voltammetry is
widely used for simple and reproducible analysis.
The essence of the method is the preliminary accu-
mulation of the analyte during electrolysis on the
electrode with its subsequent dissolution at linearly
decreasing potential [6, 7].

AIM OF THE RESEARCH

Development of a method for quantitative deter-
mination of the water-soluble antioxidant TF-7 sub-
stance by stripping voltammetry.

MATERIALS AND METHODS

An object of the study was a substance of the
water-soluble antioxidant TF-7 (3-(4-hydroxy-3,5-
dimethylbenzylthio) potassium propionate), syn-
thesized and produced at the Department of Chem-
istry of Novosibirsk State Pedagogical University in
cooperation with the Research Institute of Antioxi-
dant Chemistry (Novosibirsk). The study of electro-
chemical properties of the substance was carried
out using a TA-4 semi-automatic analyzer (Toman-
alyt LLC, Tomsk) with VALabTx software. The anal-
ysis was carried out by recording polarization curves
with preliminary electrochemical accumulation of
TF-7 on the electrode surface under standard con-
ditions, in a two-electrode cell. Mercury film (amal-
gam), glass-carbon and carbon electrodes were
used as working electrodes, and silver chloride elec-
trodes were used as reference electrodes. All
reagents used were qualified as “chemically pure” or
“pure for analysis”. A SF-56 spectrophotometer
(OKB Spectr LLC, St. Petersburg) was used to eval-
uate the spectra of TF-7.

RESULTS

To obtain the analytical signal of the water-solu-
ble antioxidant TF-7 and to develop a method for
quantitative determination of pharmaceutical sub-
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YIJIEDOAHBIE JJIEKTPOABI, B KadecTBe JJIEKTPOZA
cpaBHeHUs — xjopcepebpsiHble. Bee mpumeHsaeMble
PEaKTUBBl HMEJH KBUTU(PUKAINIO «XUMUUYECKU
YHUCThIE» WIH «9UCTBbIE AJIA aHaIu3a». A OLeHKu
criekTpoB T®-7 ucnonp3oBanu creKTpodOTOMETP
Cd-56 (OO0 «OKB Cuekrp», Caukr-Iletepbypr).

PE3YJ/IBTATDI

J17151 TOJTy9eHUs aHATUTUIECKOTO CUTHAJIA BOJIO-
pactBopuMoro antuokcusianta Td-7 u pazpaboTku
METOINKH KOJIMUECTBEHHOTO OIpeZieIeHUsI JIeKap-
CTBEHHOTO BEI[eCTBA METOJOM WHBEPCHOHHOM
BOJIbTAaMIIEPOMETPUH HEOOXOAMMO OTIPEJIESIUTD Clle-
JIyIoIFe MapamMeTpbl: (POHOBBIH BJIEKTPOJIUT JIJIsI
JIBYX3JIEKTPOJTHOU STYEWKU, PabOUHMU 3JIEKTPOJ U
BJIEKTPO/I CPAaBHEHU, TIOTEHITHAJ U BpeMs HaKoILle-
HUS, HAYaJ0 U CKOPOCTh Pa3BEPTKU, BpeMs
repeMeIuBatus [6].

doHosvlll anekmpoaum. Bpuin  ompobOBaHbI
HECKOJIbKO (DOHOBBIX PACTBOPOB: TUIPOKCHU/I HATPUSI,
XJIOpHU/Ia KaJIusA, aneTaTHbId Oydep, docdaTHbIN
6ydep, aMmMuauHbI 6ydep, XJTIOPUL AMMOHUS, COJLA-
Hasl KUCJIOTA, XJIOPUJ IIUHKA, Xja0puy autus. [Ipen-
BApUTEJIPHO 3aperucTprupoBaHa yuHUA (oHa 6e3
371eKTpoTUTOB (puc. 1, A). 13 Bcex hoHOB Haubosiee
MIPUTOAHBIMU OKa3annch 0.1 M NaOH B cmecu ¢ 1 M1
rekcaHa u 20 MKJI 3% xiiopuaa nuHka. OHOBpe-
MEHHO C BbIOOPOM (POHOBOTO 3JIEKTPOJIUTA TaKKe
mofOUpaTu 3JIEKTPOABI, HA KOTOPBIX MOSBJISICS
AHUINTHYECKUU CUTHaJI. B KauecTBe 3JieKTpoza
CPaBHEHHS HCIIOJIH30BATU XJIOPCEPEOPSAHBIN BJIEK-
TPO/I, a B KaUecTBe PabOUINX 2JIEKTPOAOB — TpaduTo-
Bble, CTEKJIOYIJIEDOJHBIE U aMaJblaMHBIE 3JIEK-
TPOJIBL.

Ha rpacdutoBoM 371€KTpPO/iE TPU UCIIOIH30BAaHUU
TUAPOKCH/IA HATPUSA B KauecTBe (POHOBOTO JIEKTPO-
JIUTA JIJI TPYOBIX KOHIIEHTPAIUN MTOIyININ aHAIN-
THUYECKUH CUTHAJI CTaHAapTHOTO oOpasiia TD-7, Ho B
MaUTBIX KOHIIEHTPAIUAX UK OTCYTCTBOBAJ. AHAJIO-
TUYHO IIPOBOJWJIN SKCIIEPUMEHT ¢ IPUMeHeHHeM
CTEKJIOYTJIEPOJHBIX BJIEKTPO/IOB, B KaduecTBe (poHA
ucrosb3oBau 9 M1 0.1 M NaOH B cmecu ¢ 1 MJI Tek-
caHa ¥ ITOJIyY TN aHATTUTHIECKHH curHast (puc. 1, B).

ITpu nog6ope GpoHa U aMaTbTaMHBIX JIEKTPOIOB
(PTYyTHO-TIJIEHOUHBIE) HCIOJIB30BATU 3% XJIOPH]
IMHKA. B A4eliKy ¢ 10 MJI GUTUCTHJINPOBAaHHOM BO/IBI
100aBIISIII 20 MKJI 3% XJIOpUA ITUHKA U PETUCTPU-
poBasnu BosibTamMneporpammy (puc. 1, C).

Cxopocmb paseepmxu. bplia BpIOpaHa IOCTOSH-
HOTOKOBasI (hopMa pa3BepTKU MOTEHIIHAIA, KOTOpast
SIBJISIETCS HauboJIee pacpoCTpaHEHHOH B BOJIbTaM-
ImepoMeTpuueckoM aHaiuse. Hauano u KoHer pas-
BEPTKH BBIOMPAIOT TAKUM 00pa3oM, 4TOOBI 06J1aCTh
perucrpanuu o0s3aTeIbHO BKJIIOYAJIa CUTHAJ aHa-

stance by stripping voltammetry it is necessary to
determine the following parameters: background
electrolyte for a two-electrode cell, working elec-
trode and reference electrode, potential and accu-
mulation time, start and rate of sweep, mixing
time [6].

Background electrolyte. Several background
solutions were used: sodium hydroxide, potassium
chloride, acetate buffer, phosphate buffer, ammonia
buffer, ammonium chloride, hydrochloric acid, zinc
chloride, and lithium chloride. The background line
without electrolytes was pre-registered (Fig. 1, A). Of
all the backgrounds, 0.1 M NaOH mixed with 1 ml of
hexane and 20 pl of 3% zinc chloride were the most
suitable. Simultaneously with the selection of the
background electrolyte, the electrodes on which the
analytical signal appeared were also selected. A silver
chloride electrode was used as a reference electrode,
and graphite, glass-carbon and amalgam electrodes
were used as working electrodes.

On the graphite electrode, using sodium hydrox-
ide as a background electrolyte for gross concentra-
tions, the analytical signal of the standard sample of
TF-7 was obtained, but at low concentrations the
peak was absent. A similar experiment was con-
ducted using glass-carbon electrodes, 9 ml of 0.1 M
NaOH mixed with 1 ml of hexane was used as a back-
ground electrolyte and an analytical signal was
obtained (Fig. 1, B).

For selection of the background and amalgam
electrodes (mercury film electrodes), 3% zinc chlo-
ride was used. 20 pl of 3% zinc chloride was added to
a cell with 10 ml of bidistilled water and the voltam-
mogram was recorded (Fig. 1, C).

Sweep rate. The direct current potential was cho-
sen, which is the most common in the voltammetric
analysis. The starting potential and end of the sweep
are chosen in such a way that the area of registration
necessarily includes the signal of the substance, and
also the amalgam of the electrodes is preserved,
without transition into solution. Therefore, we chose
the start of the sweep —1.3 V and the end of the sweep
—0.01V (Table 1).

To assess the reproducibility of the results, a
reverse sweep was used. In the preliminary analysis,
the analytical signal was found at a value of the
potential of —0.5 V (£0.2 V). The study showed that a
sweep rate of 30 mV/s affected the reproducibility of
the signals, and at 60 mV/s and higher, the analytical
signal had a more blurred shape, which also influ-
enced the results of the concentrations obtained. The
optimal sweep rate was 50 mV/s.

Mixing time. For more complete dissolution of
the standard sample of TF-7 added to the elec-
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Puc. 1. BosbrammneporpaMmsbr: A — GUAUCTHUIMPOBAaHHAS Bo/a (IIOTEHI[UA TOKA HakoileHus K = —1.3 B;

HaK

CKOPOCTH Pa3BEPTKU W = 50 MB/c); B — crekoyryiepo/iHbIN 371eKTPO/, DOHOBBIH BJIEKTPOJINT:
9 M1 NaOH + 1 mn rekcana (E_ = 0.5 B; ckopocTb passepTku w = 50 MB/c); C — amayibraMHbI# 271eKTpof,
¢donospiii anexrponut: ZnCl, (E = -1.3 B, w = 50 MB/c, norennuan nuka E = —0.5 B)

Fig. 1. Voltammograms: A - bidistilled water (accumulation current potential E = —1.3 V; sweep rate w = 50 mV/s);

B — glass-carbon electrode, background electrolyte: 9 ml NaOH + 1 ml hexane (E,_

C — amalgam electrode, background electrolyte: ZnCl, (E, = -1.3 V; w = 50 mV/s; peak potential E

JIMBUPYEMOTO BEIECTBA, a TaKXKe COXPaHsIaCh
aMayibTamMa 3JIEKTPOJIOB, Oe3 Iepexojia B PacTBOP.
IlosTOoMy BBHIOpas Hayajao pa3BepTKu —1.3 B u
KOHeEI[ pa3BepTKH —0.01 B (Tab. 1).

I OLlEHKH BOCIPOU3BOJUMOCTH PE3yJIbTATOB
HCIIOJIb30BAJIM  OOpATHBIA XOJ] pasBepTKU. IIpu
[peABapUTEILHOM aHan3e ObLI YCTaHOBJIEH aHa-
JIMTUYECKUN CUTHAJI TPU 3HAUEHUU IOTEeHIHasa
—0.5 B (£0.2 B). HccaemoBanue 1IoKasaao, 4To CKO-
pocTh pa3BepTKu 30 MB/c Busiia Ha BOCIIPOU3BO-

= 0.5 V; w =50 mV/s);
-0.5V)

um

peak =

trolysis cell and its accumulation on the elec-
trode, it is necessary to determine the optimal
mixing time. With an increase of mixing time up
to 120 s, the peak height elevated, with further
increase of mixing time, the signal, on the con-
trary, decreased. Thus, the optimal mixing time
was 120 s (Fig. 2).

Accumulation time. The dependence of accumu-
lation time on the obtained concentration was evalu-
ated (Fig. 3, Table 2).

Ta6.1mua 1. 3HayeHHUs BBICOThI MUKQ, OJIY4€eHHOI'0 INIPU U3BMEHEHHW U HavaJia pa3BepTKH
Table 1. Values of peak height obtained by changing the starting potential of the sweep

Hauasio pa3BepTku (nmoteHnuaJ, B)
Start of sweep (potential, V)

BbicoTa nuKa (Tok, MKA)
Peak height (current, pA)

-1.5

3.8
-1.4 4.1
-1.3 4.4
-1.2 2.8
-1.1 2.3
-1.0 1.9
84
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Puc. 2. Biuanue BpeMeHu nepeMelinBaHu T®-7 Ha BBICOTY AaHAJIUTUYECKOTO CUTHAJIA

(E,,, =

HaK

-1.3B; w=50mMB/c; E
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Fig. 2. Influence of mixing time of TF-7 on the height of the analytical signal

(e
JIUMOCTH CUTHAJIOB, a IIPU CKOPOCTH 60 MB/c 1 BbIiIe
AHUINTHYECKUU CHTHI UMesl 0Gojiee pPasMBITYIO
¢opmMy, UTO Takke OTpa)kajoch Ha pe3yJabTaTax
MOJIyYeHHBIX KOHI[eHTpauii. ONTUMaIbHON OKa3a-
JIach CKOPOCTh Pa3BePTKU 50 MB/c.

Bpema nepemewusanus. Jljiss 6osiee MOJIHOTO
pacTBopeHus 106aBIAEMOTO B TUYEHKY JJIs1 3JIEKTPO-
Jm3a craHzpaptHoro obpasmna Td-7 u ero Hakorme-
HUS Ha 3JIEKTPO/ie HeOOXOAMMO OIPEEIUTh ONTH-
MaJIbHOe BpeMs nepemelnuBaHusa. C yBeJMYeHHEM
BpeMeHHU IlepeMelIuBaHus JI0 120 ¢ pocjia BbICOTa
[IUKa, NPU JaJdbHeUIIeM YBeJIUYEHUN BpeMeHH
IepeMeIIuBaHus CUTHAJ, HA000POT, yMeHBIIIaICs,
[I03TOMY ONTUMAIHHBIM OBLIIO BPEMS IIepeMeInBa-
HUA 120 ¢ (puc. 2).

Bpems HaxonaeHus. OlleHUBaach 3aBUCUMOCTD
BpeMeHU HaKOIUIEHUA OT IOJIy4YeHHOU KOHIIeHTpa-
nuu (puc. 3, Tab. 2).

OnTuMajbHOE BpeMs HAKOIUIEHUS COCTaBUJIO
60 c: BOJIBTAMIIEPOTPAMMBI OBLITM XOPOIIIO BOCIIPO-
HU3BOAMMEI, 1 HanboJiee TOYHO OIpeesIsnach KOH-
[leHTpaIusl BBOJUMOTO BelecTBa. Ilpu BpemeHH
HAKOIUIEHUs CBBIIIE 120 C Pe3yJIbTaThl OBLIIN HEIO-
CTOBEPHBI. 3aBUCUMOCTD BeJINUNHBI CUTHAJIA OT Bpe-
MeHHU HAKOIUIEHWs Ha 3JIEKTPO/ie He MOXKET OBbITh
JIMHEHHOH BO BCeM JUalna3oHe, IOCKOJIbKY ITOBEpX-
HOCTB 3JIEKTPO/Ia OTPAHUYEHHO HACHIIIAeMa.

INomenyuan naxonaexus. Ioteniuan paboyero
BJIEKTPO/IA TOJKEH 00ecieunBaTh HanboJIee MOJTHOE
HaKOIUIEHVE aHTUOKCU/IAHTA Ha IIOBEPXHOCTH 3JIEK-
TPO/ia U MOJIyYeHNEe BOCIIPOU3BOAUMOTr0 aHATUTHYE-
CKOr'0 CHUT'HAaJIa TOKa pacTBopeHus. [lid ompezese-
HUS ONTUMAJIbHOTO IOTEHIINAIA HAKOIUIEHUS IIPO-
BOJWJIN aHAJN3 B JHAlla3oHe OT —1.5 10 —1.0 B

=-1.3V;w=50mV/s; E

peak ~ 0+ V)

The optimal accumulation time was 60 s: the
voltammograms were reproducible well enough, and
the concentration of the substance was most accu-
rately determined. At accumulation time more than
120 s the results were unreliable. The dependence of
the signal value on the accumulation time at the elec-
trode cannot be linear over the whole range because
the electrode surface has limited saturation capacity.

Accumulation potential. Potential of a working
electrode should provide the most complete accumu-
lation of antioxidant on the electrode surface and
obtaining a reproducible analytical signal of the dis-
solution current. To determine the optimal accumu-
lation potential, an analysis was performed in the
range from —1.5 to —1.0 V (Table 3). The optimal
value of the accumulation potential was —1.3 V.

At potential less than —1.3 V, the peak height
decreased sharply, and at potentials of —1.4 and
—1.5V, saturation at the electrodes occurred, but the
reproducibility of the signal was deteriorated greatly.

The spike and recovery method. In order to vali-
date the selected parameters for the method for the
determination of the antioxidant TF-7, the spike and
recovery assay (dependence on concentration) was
used. The electrodes and beakers were washed with
bidistilled water. The background electrolyte was
filled into each cell, and the voltammogram of the
background solution was recorded at the parameters
selected: sweep from —1.30 to —0.01 V; sweep rate
50 mV/s; mixing time 120 s; accumulation potential
—1.30 V; accumulation time 60 s. Then 5 ul of TF-7
(1x1077mg/1) was added and the sample curve was
recorded, then another 5 pl of TF-7 (1x1077mg/1) was
added and the addition curve was recorded calcu-
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Fig. 3. Accumulation time of TF-7 on the surface of the amalgam electrode, background electrolyte: ZnCl,
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peak =

Ta6Jmua 2. 3aBUCHUMOCTb BbICOTHI TUKA OT BpeMEeHH HaKOIlJIEeHUA

Table 2. Dependence of the peak height on accumulation time

Bpemsa HakomieHus, €
Accumulation time, s

BpicoTa aHA/IMTUYECKOT0 CUIHaJ1a, MKA
Analytical signal height, pA

30
60
120
180
300

9.0
9.8
7.5
7.8
3.5

(tabs. 3). OnTuMajybHOE 3HAdYeHHe IIOTEeHI[Hajia
HaKOIIEHUs cOCTaBUiIo —1.3 B.

IIpu noreHnuane MeHee —1.3 B BbIcOoTa ITMKa
pe3Ko yMeHbIIajgach, a MpU MOTEHIIUAIAX —1.4 U
—1.5 B mpoucxoausio HacklleHUE HA 3JIEKTPOAAX,
HO BOCIIPOU3BOJIMMOCTb CHUTHAJa CUJIBHO YXY/-
1asach.

Memo0 «8sedeHo — HatideHo». JIjisA OATBEPK/Ie-
HUSA BBIOPAHHBIX IIaPAMETPOB JJIA METOJUKU OTIpe-
JiesieHus1 aHTuokcuganTa Td-7 ucroab30Baiv METO/,

lated of the substance concentration. The assay was
carried out similarly with other amounts of additions
introduced (Table 4).

The results (Table 4) allowed validating the
method by the indicator of linearity (Fig. 4). Linear-
ity of the analytical method shows that within a given
range of the technique, a directly proportional rela-
tionship between the concentrations of the tested
substance in the solution and the result were
obtained. The coefficient of correlation (r) between

Ta6.1una 3. 3aBUCHMOCTb TOKA (BBICOTHI TMKA) OT NOTEHIMAIa HAKOMJIEHHUsI
Table 3. Dependence of current (peak height) on accumulation potential

I[loTeHuHas1 TOKa HaKoIJIeHUs, B
Accumulation potential, V

BbicoTa aHAJIMTUYECKOI'0 CUTHaJIa, MKA
Analytical signal height, pA

-1.5 12.6

-1.4 12.6

-1.3 12.6

-1.2 8.2

-1.1 2.2

-1.0 1.0
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Ta6siuna 4. Pe3ynbTaThl OLIeHKH 110 METOAY «BBEJIEHO — Hal/IeHO» NpHU 06aBJIeHUH HUccieyeMoro pactBopa T®-7

c KoHUleHTpauuel 1x107 mr/a

Table 4. Results of spike and recovery assessment when adding the solution of TF-7 at a concentration of 1x10-7 mg/1

BBegeHo (Mki) / Added (pl) Haiigeno (Mxi1) / Found (pl)
5 0.5 0.5

10 1.0 1.2

20 2.0 1.9

40 4.0 4.5

80 8.0 8.2

160 16.0 16.7

«BBEJIEHO — HAWJIEHO» (3aBHCHUMOCTH OT KOHIIEHTpAa-
I[UM). DJIEKTPOBI U CTAKAHUUKY IPOMBIBAIIN OU/IH-
CTWIJIUPOBAHHOU BOJION. B kaxyio Aueiiky Haiu-
BTl (POHOBBIN SJIEKTPOJIUT, PETUCTPHUPOBAIIHN BOJIb-
TaMIIepOrpaMMy YHCTOTO (OoHA NPU BBHIOPAHHBIX
mapaMeTrpax METOAWKHU: pasBepTka OT —1.30 [0
—0.01 B; crkopocts pazBepTiu 50 MB/c; Bpems mepe-
MeIINBAaHUA 120 ¢; HOTeHIINaJ HaKOoIIeHus —1.30 B;
BpeMsA HaKOIUIEHUsI 60 c¢. 3aTeM T0OABJISIN 5 MKJI
T®-7 (1x107Mr/s1) W PpETrUCTPUPOBAIU KPHUBYIO
mpobObl, 3areM Jo0baBiasiin eme 5 MKI TO-7
(1x1077Mr/JI) ¥ pErUCTPUPOBAIIA KPUBYIO I0OABKH C
pacyeToM KOHIIEHTPAIIUU BeIlecTBA. AHAJIOTUYHO
MIPOBOJIMJIA aHAJIU3 C IPYTUMH BBEIEHHBIMU 00'be-
MaMu 100aBokK (Ta0biI. 4).

[TosyuenHsle pe3ysbTaThl (CM. TabJI1. 4) IIO3BO-
JIUIU BIUUPOBATh METOAUKY IO II0Ka3aTesio
nuHeliHOCTH (pUC. 4). JIMHEHHOCTh aHAJIUTHUYE-
CKOM METOJIMKH IOKa3bIBAeT, YTO BHYTPU 3aJaH-
HOTO JMalla30Ha METOJAUKH CYIIECTBYeT IIPSAMO
MPOIMOPIIMOHAIIFHOE COOTHOIIIEHNWE MeXKIy KOH-
[EeHTPAlUsAMH FHCCJIELYEMOTO BEIECTBA B pac-
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the measured concentration and the corresponding
concentrations of the analyte solution was 0.997,
which met the acceptance criterion established.

The minimum detectable concentration is one of
the important parameters allowing to normalize the
measurement error, also at the lower limit. At lower
concentrations the error usually starts to increase.
The minimum concentration of TF-7, at which the
method will be reliable, was 1x1079 mg/1.

Reproducibility. For any analytical methods
reproducibility of the results is important, which
confirms the quality and reliability of the developed
method. The results of reproducibility assessment
are presented in Table 5.

Relative standard deviation = 12.8 %, C . .a1p,=
= 1x10°mg/l, E = -13V, w = 50 mV/s,
E .= —0.5V.

TF-7 spectrum. For comparison, the spectra of
the water-soluble antioxidant TF-7 substance were
obtained on a SF-56 spectrophotometer using zinc
chloride as a background electrolyte. The peak was
recorded at a wavelength of 276 nm (Fig. 5).

y=1.0394x + 0.0433
R*=0.99915
r=10.997

90 120 150 180

O0bem nob6aBku, Mk / Addition volume, pl

Puc. 4. Beenenuniii 06beM 106aBku TP-7 B 3aBUCHMOCTH OT MTOJIYYEHHOH KOHIIEHTPAIUH
Fig. 4. Volume of TF-7 added depending on the concentration
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Ta6una 5. Bocnpou3BoANMOCTb aHAJIMUTHYECKOI'0 CUTHAJIA (TOKA) B 3aBUCUMOCTH OT KOJIMYEeCTBA U3MePeHU
Table 5. Reproducibility of the analytical signal (current) depending on the number of measurements

BbicoTa nuka (TOK), MKA

Cpe,ll]-[ﬂﬂ BbICOTA NUKAa, MKA OTHOCHUTE/JIbHO CTAHJAAPTHOE OTK/IOHEeHHue Sr

N Peak height (current), pA Average peak height, pA Relative standard deviation S,
1 2.10 1.89 12.8

2 2.20 1.89 12.8

3 1.90 1.89 12.8

4 2.00 1.89 12.8

5 1.80 1.89 12.8

6 1.80 1.89 12.8

7 1.90 1.89 12.8

8 1.40 1.89 12.8

3 15.10
TBOpPE U MOJIy4eHHOTro pesysbTata. KoaddumueHr CONCLUSION

KoppeJssauu (r) Mexay u3MepeHHOU KOHI[eHTpa-
OUed W COOTBETCTBYIOIIUMH KOHI[EHTPAIUAMHU
pacTBopa wuccieayeMol CcyOCTaHIIUM COCTaBHII
0.997, UTO COOTBETCTBYET YCTAHOBJIEHHOMY KPUTE-
PpHIO IPUEMJIEMOCTH.

MuHumanvHo onpedeasiemas KOHUeHMpauus —
OJIMH M3 BAJKHBIX MTAPaMeTPOB, IMO3BOJISIONAN HOP-
MHPOBATh MTOTPENTHOCTD U3MEPEHUH, B TOM UHCJIE K
Ha HIWKHEH rpauuie. [Ipy MeHbIINX KOHIIEHTpa-
[USX MOTPENTHOCTh OOBIYHO HAUMHAET BO3PACTATh.
bruta ompenesieHa MHUHUMAaJbHAs KOHIIEHTPAIIHSA
T®-7, mpu KOTOPOIi MeTOoArKa Oy/eT JOCTOBEpHA —
1x1079MT/ 1.

Kpueste:
1<D>

20

1.8

1.6 - }

k! JIn1iHa BOJHEL, HM

'V IaUTh KPHBYIO

The parameters selected (background electrolyte
for a two-electrode cell, working electrode and refer-
ence electrode, accumulation potential and time,
start and rate of sweep, mixing time) made it possi-
ble to quantify the water-soluble antioxidant TF-7
substance using the electrochemical method. The
parameters of the method are: stripping voltamme-
try, 60 s accumulation time on an amalgam electrode
at accumulation potential —1.30 V. The coefficient of
correlation of the method is 0.997.
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Bocnpousgodumocmy. JIasi 000K aHATATHYE-
CKOM METOZIMKM Ba’KHA BOCIIPOM3BOIUMOCTD PEe3yJIb-
TaTOB, KOTOPAst MOATBEPIK/IAET KAYECTBO U JIOCTOBED-
HOCTb Pa3paboTaHHOH MEeTOIUKH. Pe3ysIbTaThl OIEHKH
BOCITPOM3BOIMMOCTH IIPEJICTABJIEHBI B TA0JL. 5.

OTHOCUTEIPHOE CTAaHJJAPTHOE OTKJIOHEHHE =
=128 %, C = 1x10°wmr/n1, E = -1.3 B,

cranpapra Td-7

w=50MB/c,E_ =-0.5B.

K

Cnexmp T®-7. JIna cpaBHeHUs ObUIN HOJIyYeHBI
CIEKTPHI CYOCTAaHIIMM BOJOPACTBOPUMOIO AHTHOK-
cuga"ta T®-7 na cnexrpodoromerpe CO-56 mnpu
HCIIOJIb30BAHUHU B KadecTBe (P)OHOBOI'O 3JIEKTPOJIUTA
xjopyusa UHKA. [IUK perucTpupoBasv Ipu JUIMHE
BOJIHBI 276 HM (pHC. 5).
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SAK/IIOYUEHWE

[TomobpaHHbIe MTapaMeTphl: POHOBBIH BJIEKTPOIUT
JUTA IBYXAJIEKTPOHON STYeHKH, pabounii AJIeKTPO/, U
3JIEKTPOJ], CPAaBHEHUsI, TIOTEHITUA W BPEMS HaKOILIe-
HUS, HAYaJI0 ¥ CKOPOCTh Pa3BEPTKU, BpEMs IepeMe-
IIUBAHUSA — JAI0T BO3MOKHOCTD IIPOBE/IEHUS KOJIHYe-
CTBEHHOT'O OIpeJieIeHUs CyOCTaHITUN BOJIOPACTBOPH-
MOT0 aHTHOKCHIaHTa T®-7 ¢ HOMOIIBIO SJIEKTPOXUMU-
yeckoro Metoza. [osrydaeHHbIe TapaMeTPbl METOIUKH:
METO/I, BOJIbTAMIIEPOMETPUH, BpeMsI HAKOIUIEHUs Ha
aMaJIbraMHOM 3JIEKTPO/ie 60 C IIPH MTOTEHIINAIe HAKO-
wienus —1.30 B. KoaddunuenT koppesnsanuu paspa-
0OOTaHHOM METOAMKH COCTABILI 0.997.

KoH@uIukT HHTEpPECOB. ABTOPHI 3aBJISIOT 00
OTCYTCTBUHU KOH(JIMKTA HHTEPECOB.
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