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The influence of the stripping voltammetry parameters
on the quantitative determination of the bismuth ion
in the pharmaceutical substance of bismuth subsalicylate
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AHHOTAIIA

IIpencTaBieHbl Pe3yIbTaThl UCCIEAOBAHUS YCIOBUI IPOBEIEHIS aHAN3a aKTUBHOHN (papMalieBTUUecKoi cybcTaH-
nuu (A®C) BucmyTa cybcamunpiaTa METOI0M HHBEPCHOHHOM BOJIbTaMIIEPOMETPHH. JlaHHBIN MeTO/1 He siBJseTcs papma-
KOTIEMHBIM, HO IITUPOKO UCIIOJIB3YETCs JIJTs aHAIN3a COeTUHEHNH BUCMYyTa B IPYyTUX 00beKTax. MI3yueHo BIUsSHUIE OCHOB-
HBIX [TAPAMETPOB METO/Ia, B YaCTHOCTH, Hayajia U CKOPOCTH Pa3BEPTKH, BpPEMEHU U MOTEHIMaIa HAKOTUIEHHSI, Ha KOJIH-
YeCTBEHHOE OTIpeZiesieHre HOHA BUcMyTa B uccienayemoit ADC. 3aBUCUMOCTh KOJTMYECTBEHHBIX MMOKa3aTesIel BOJIbTaMITe-
POMETPHUYECKOTO MMHKAa OT Havasia pa3BepTKHU He BbIsABIeHA. [Ipy U3BMEHEHUH CKOPOCTU Pa3BEPTKH B JIUaTa30He OT 60 /10
120 ¢ BBICOTA ITUKA U3MEHSIETCsI POIOPIMOHAIBHO 3HAYEHUTO0 CKOPOCTH. OTIpe/iesieH ONTUMAJIbHBIN JHAITa30H CKOPOCTH
HAKOILIEHHUsI aHAJTU3UPYEMOTO BEI[ECTBA HA AJIEKTPO/IE, UTO MTO3BOJISET M3MEHSITh JAHHBIH ITapaMeTp B XO/I€ MPOBEEHUs
ucnbiTanusi. Haubospinit MHTEPEC /1A UCC/IEIOBAHS TPEICTAB/IAET OTEHI[HA HAKOIUIEHHS, TaK KaK 9TOT mapaMeTp
OKa3bIBaeT HauboJIblllee BIUsHIE HAa KOJTMYECTBEHHbIE XapaKTEPUCTUKHU KA.

Takum 06pa3zoM, METO/I HHBEPCUOHHOU BOJIBTAMIIEPOMETPUU MOKET IIPUMEHSITHCS /IS aHAIM3a aKTUBHOU hapma-
[IEBTHYECKOU CYyOCTAaHIIMY BUCMYTa CyOCaJIAIIUIaTA.

Kaoueawvte cnro6a: BUCMyTa CyOCATUITUIIAT, THBEPCUOHHAS BOJIBTAMIIEDOMETPUS, aKTUBHAsL (hapMarieBTHIeCKas Cy0-
CTaHIUA.

ABSTRACT

The results of the study of the conditions for the analysis of active pharmaceutical substance (APS) of bismuth sub-
salicylate by the method of stripping voltammetry are presented. This method is not pharmacopoeial, but it is widely used
for the analysis of bismuth compounds in other objects. The influence of the main parameters of the method, in particular,
the beginning and rate of a sweep, the time and potential of accumulation, on the quantitative determination of the bis-
muth ion in the studied APS was investigated. The dependence of the quantitative indicators of the voltammetric peak on
the beginning of the sweep was not revealed. When the sweep rate changes from 60 to 120 s, the peak height changes in
proportion to the rate value. The optimal range of the analyte accumulation rate on the electrode was determined, which
allows changing this parameter during the test. The accumulation potential is of the greatest interest for research since this
parameter has the greatest influence on the quantitative characteristics of the peak.

Thus, the method of stripping voltammetry can be used to analyze the active pharmaceutical substance of bismuth
subsalicylate.

Keywords: bismuth subsalicylate, stripping voltammetry, active pharmaceutical substance.

Toctynia 18.06.2020 Received 18.06.2020

IIpunsaATa 25.07.2020 Accepted 25.07.2020

Aemop, omeemcmaeHHblil 3a nepenucky Corresponding author

Busep Anna Anexcanzaposaa: ®T'BOY BO «HoBocu6GHpCKUii rocyAapCTBeH- Vizer Anna Aleksandrovna: Novosibirsk State Medical University, 52, Krasny
HBIHM MEeAMIIMHCKIH yHUBepcuTeT» Munszapasa Poccun. 630091, r. HoBocu- Prospect, Novosibirsk, 630091, Russia.

6upck, KpacHsiii mpoctr., 52. E-mail: anna wieser@mail.ru

E-mail: anna wieser@mail.ru

30 Journal homepage: http://jsms.ngmu.ru



Vizer A.A., Ivanovskaya E.A. / Journal of Siberian Medical Sciences 4 (2020) 30-37

BBEJAEHWUE

AxTuBHaA (¢dapmanepTuyeckas cybcTaHIUA
BHCMYTa CyOCAIUITMIIaTA TPUMEHSIETCS B MEUIIITHE
¢ 1900 T. ¥ 3apeKoMeHjoBaja cebsi Kak 3pheKTUB-
HO€E CPEJICTBO IIPH JIEUEHUU Pa3JIMYHBIX 3a00J1eBa-
HUH 3KeJyI0YHO-KUIIIEYHOTO TpakTa [1]. MexaHusm
JIeICTBUS OCHOBAaH HA COYETAHUU HECKOJIBKUX -
dexroB. AHTAaNUAHBIH 5P DEKT BUCMyTa CyOCATHITH-
JlaTa OCHOBAH HA IPWKUTAIOIIEM JEHCTBUU HOHOB
BHCMYTa 711 (POPMHUPOBAHUA 3ALTUTHOTO CJIOS HA
IIOBEPXHOCTHU 3B, a TAK)Ke CBA3BIBAHUSA HHTEPOTOK-
CUHOB, B TO BpeM:I KaK CUIHITUIIAT CTUMYJIHPYeT 00-
pa3oBaHMe IPOCTATJIAHIHOB U CJIU3U U CEKPETUPO-
BaHMe OMKapOOHAT-MOHOB B KeyyAke. Takike mpo-
TUBOA3BEHHBIN 3(PdeKT accoruupoBaH C aHTUMU-
KpoOHBIM aelicTBueM B oTHouieHuu Helicobacter
pylori, TOUHBIN MeXaHU3M KOTOPOTO Ha CETO/IHAII-
HUH JIeHb He u3ydeH. Kpome TOro, BUCMYT CBSI3BIBA-
€T DHTEPOTOKCHUHBI U 00eclieYnBaeT UX BbIBEJIEHUE,
IIOCKOJIBKY He BcCachlBaeTCsl M3 KUIIEYHUKA, a
CATUIIWJIAT-UOH WUHTUOUPYyeT 0Opa3oBaHMeE MPOCTa-
[JIAaHAWHA B KUIIEYHUKE U BbIIEJIEHUE XJIOPUJ-
HOHOB. ATU 3hGEKTh 00eCIeUYnBaT MPOTUBOINA-
peliHoe JlelicTBHE JIEKapCTBEHHOTO Cpe/icTBa [2].

HecmoTps Ha TO, 9YTO BUCMYTa CyOCaIHITUIAT
IIUPOKO IPHMEHsIETCA B MUPe, B HACTOsAIIee BpeMs
JIeKapCTBEHHbIE TIPEIapaTshl, Co/iepIKallie JaHHOe
JIeACTBYIOIIEE BEIIECTBO, HE 3aPETUCTPUPOBAHBI Ha
Tepputopuu Poccuiickoit ®enmepanuu. A mpo-
XOXJIEHUsA TPOLENyPhl TOCYAAPCTBEHHOW peru-
CTpanuy HEOOXOAMMO COCTaBJIEHHE IIPOEKTA HOP-
MAaTHBHOHM JOKyMEHTAI[UH, BKJIIOYAIOIIETO Tpe6o-
BaHUS W METOAUKH KOHTPOJISA KadecTBa JieKap-
CTBEHHOTO cpejicTBa. YacTHble (apMakoIeiHbIe
cTaThu (papMareBTUUecKON cyOCTaHIMK BHUCMYTa
cyOcanuuiaTa M Pa3JIuyHbBIX €ro JIEKAPCTBEHHBIX
¢opM TPUCYTCTBYIOT B MHPOBBIX (apMaKoIiesx,
HanpuMmep, B EBporneiickoit papmakomnee u Papma-
xotee CIITA [3, 4]. B cooTBeTcTBUH C (papMaKoIIei-
HBIMHU CTaThsIMHU, KOJHUYECTBEHHOE OIlIpefieJIeHIe
AHATU3UPYIOT METOZI0OM KOMIIJIEKCOHOMETPUYECKO-
ro TUTPOBaHWsA. [[aHHbIE METOJUKH HMEIOT Kak
[IpeNMYyIIeCcTBa, TAaK U HEJOCTAaTKU. BucmyTa cy6ca-
JINITWIIAT IPAKTHYECKU He PACTBOPUM B BOJe, UTO
3aTpyaHsAeT TpoOOMOATOTOBKY. JlJIsl TlepeBeieHus
BHCMYTa B PACTBOPEHHOE BEIIECTBO W3 HABECOK,
IIPUMEHSAEMBIX B aHaIN3e, TPEOYIOTCA arpeccuB-
HbIE YCJIOBUA (TepMUUYeCKOe pa3yIoKeHue, HarpeBa-
HHE B PACTBOPAX MUHEDPAIbHBIX KHUCJIOT) U JIJIN-
TeJIbHOE BpeMs.

I mpoCTOTO M BOCIIPOM3BOIMMOTO AHAIU3A
METAJLJIOB B 00pasIax pa3JIndyHOU ITPHUPO/IBI IITUTPOKO
IIpUMeHseTCsl THBEPCUOHHAs BOJIbTaMIIEPOMETPUS.
CyTb 3TOr0 MeTO0/1a, He ABJIAIIerocs papMakornei-

INTRODUCTION

The active pharmaceutical substance of bis-
muth subsalicylate has been used in medicine since
1900 and has established itself as an effective agent
in the treatment of various diseases of the gastroin-
testinal tract [1]. The mechanism of action is based
on a combination of several effects. The antacid ef-
fect of bismuth subsalicylate is based on the cauter-
izing action of bismuth ions to form a protective
layer on the surface of ulcers, as well as to bind en-
terotoxins, while salicylate stimulates the produc-
tion of prostaglandins and mucus, and secretion of
bicarbonate ions in the stomach. Also, the antiulcer
effect is associated with antimicrobial action
against Helicobacter pylori, the exact mechanism
of which has not yet been studied. In addition, bis-
muth binds enterotoxins and ensures their excre-
tion since it is not absorbed from the intestine, and
the salicylate ion inhibits the formation of prosta-
glandin in the intestine and the release of chloride
ions. These effects provide the antidiarrheal action
of the drug [2].

Despite the fact that bismuth subsalicylate is
widely used in the world, currently medicinal prepa-
rations containing this active substance are not reg-
istered on the Russian Federation territory. To go
through the state registration procedure, it is neces-
sary to draw up a regulatory documentation draft in-
cluding the requirements and methods of quality
control of the medicinal product. Individual mono-
graphs of the pharmaceutical substance of bismuth
subsalicylate and its various dosage forms are pres-
ent in the world pharmacopoeias, for example, in the
European Pharmacopoeia and the United States
Pharmacopoeia [3, 4]. In accordance with the phar-
macopoeial articles, the quantitative determination
is analyzed by complexometric titration. These tech-
niques have both advantages and disadvantages. Bis-
muth subsalicylate is practically insoluble in water,
which complicates sample preparation. To convert
bismuth into a solute from weighed sample used in
the analysis, aggressive conditions (thermal decom-
position, heating in mineral acid solutions) and a
long time are required.

Stripping voltammetry is widely used for simple
and reproducible analysis of metals in samples of
various natures. The essence of this method which is
not a pharmacopoeial one consists of the preliminary
accumulation of an analyte by electrolysis on an elec-
trode, followed by its electrochemical dissolution at a
linearly decreasing potential. The preliminary accu-
mulation is carried out by cathodic polarization at a
stationary electrode (for the determination of cat-
ions) with subsequent anodic dissolution [5]. This
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HBIM, 3aKJIIOYAeTCS B IPEBAPUTEIBHOM HAKOILIE-
HUW aHAJIM3UPYEMOTO BEIECTBA IyTEM BJIEKTPOJIH-
3a Ha BJIEKTPOJIE C MOCIEAYIONUM 3JIEKTPOXUMUYIE-
CKMM €ro pacTBOPEHHEM IIpW JIMHEWHO CHIKAI0o-
memcs ToTeHIuasne. IlpeaBapuTeslbHOE HAKOILIE-
HHUE OCYIIECTBJISIETCS KaTOAHOU MOoJIApU3aIiued Ha
CTAI[MOHAPHOM 3JIEKTPO/ie (/151 OTIpesieIeHus KaTh-
OHOB) C ITOCJIEIYIOIIIM aHO/THBIM PACTBOPEeHHUEM [5].
JlaHHBIN MeTO/ IPUMEHSIETCS B TOM UHCJIE JJI aHa-
JIM3a KpalHe MaJIbIX KOJIMYECTB KaTHOHOB MeTal-
JIOB, 4TO 0COOEHHO IIEHHO TP aHAJIN3€e TPyJTHOpa-
CTBOPUMBIX COEJUHEHUI.

IOEJDb UCCAEAOBAHUA

N3yueHue BIUSIHUSA IapaMeTPOB MeTO/la WH-
BEPCHOHHOM BOJIBTAMIIEDOMETPHUH HA KOJIMUECTBEH-
HOe OIIpeJieJieHre MOHA BUCMYTa B hapMaleBTHIe-
CKOU CyOCTaHITUH BUCMYTa CyOCTHITAIATA.

MATEPHAJIBI 1 METO/ABbI

B kauectBe 0OBEKTa WCCIIEOBAHUIN MTPUMEHS-
Jlach CyOCTaHIMSI BUCMYyTa CyOCATHITUIATa IIPOU3-
BozicTBa ®I'BY MTHCTUTYT XUMUM TBEPJIOTO Tejia U Me-
xanoxumuu Cubupckoro otaenenus PAH (Hosocu-
6upck, HOMeEp cepuu 000001). VI3MepeHus MPoOBO-
JIJINCh Ha 2JIEKTPOXMMHUYeCKOM aHanusarope TA-4
(OO0 «HIIIT «Tomba"aMUT», I'. TOMCK) C UCIIOJIb30-
BaHMEM NPOrpaMMHOTO0 obecrieueHusi VALabTx, mo-
CTaBJIAEMOTO B KOMILJIEKTe. AHAJIU3 OCYIIECTBIIAICS
B JIByX2JIEKTPOJIHOH sdeliKe, B KadecTBe pabouero
BJIEKTPOZA HCIOJIB30BAICA PTYTHBIA ILJIEHOUHBIH
2JIeKTPOy] (aMasibraMHBIN), B KauyecTBe 3JIEKTPOAA
CpaBHEHUsI — XJIopcepeOpsHbIi. Bee mpuMensieMbie
PEeaKTHBBI UMeIN KBATU(PUKALNIO «XUMHYECKH Y-
CThIe» WJIN «IUCTBIE JJId aHaiu3a». B kauecTBe pac-
TBOPUTEJIA JIJIsI IPUTOTOBJIEHUS PAaCcTBOPA BUCMYTa
cybcayuiuiaaTa ¥ OCHOBHOTO ()OHOBOTO 3JIEKTPOJIUTA
IIPUMeHsJICS BOJHBIM pacTBOp, coziepskamuii 0.2 M
a30THOH KUCJIOTHI U 0.2 M HaTpusA HUTpATA.

PE3YJIBTATBI 1 OBCYXKAEHUE

B xauecTBe OCHOBHBIX IIaPaMETPOB 3JIEKTPOXHU-
MHYECKOTO aHAJIM3aTOpa, BJIMAIONIUX HA CHUTHAJ,
ObLTM BBIOPAHBI HAYAJI0 M CKOPOCTh Pa3BEPTKH, Bpe-
Ms U TOTEHIUAI HAKOIUIEHUs. AHAJINU3 OCYIIECT-
BJISJICS ITyT€M BHECEHUsS aJIMKBOTHI 50 MKJI PAcTBO-
pa ¢ KOHIEHTpanuel BHCMyTa CyOcayMIpIaTa
20 Mr/a B pacTBOp (POHOBOTO 3JIEKTPOJIUTA IIOCIIE
perucrpanyuu BoJIbTaMIEpOrpamMMbl ¢oHa. Tummd-
Has BoJIbTaMIIieporpamMma (bOHOBOTO 3JIEKTPOJIUTA U
IIpO0OBI IIpeZICTaBJIeHa HA PHC. 1.

Hauano pazeepmuxu. J]ys paboThl ObL1a BhIOpa-
Ha [TI0CTOSTHHOTOKOBAas1 (hopMa pa3BepPTKHU ITOTEHIIAA-
J1a, KOTopas ABJIAeTCA HanboJiee paclpoCTpaHEHHOH

method is also used for the analysis of extremely
small amounts of metal cations, which is especially
valuable in the analysis of sparingly soluble com-
pounds.

AIM OF THE RESEARCH

Study of the influence of the stripping voltam-
metry parameters on the quantitative determination
of the bismuth ion in the pharmaceutical substance
of bismuth subsalicylate.

MATERIALS AND METHODS

As an object of research, we used a bismuth sub-
salicylate substance produced by the Institute of Sol-
id State Chemistry and Mechanochemistry (Novosi-
birsk, series number 000001). The measurements
were carried out on a TA-4 electrochemical analyzer
(Tomanalit, Tomsk) using the VALabTx software
supplied in the kit. The analysis was carried out in a
two-electrode cell, a mercury film electrode (amal-
gam) was used as a working electrode, and a silver
chloride electrode was used as a reference electrode.
All reagents used had the qualification “chemically
pure” or “pure for analysis”. An aqueous solution
containing 0.2 M nitric acid and 0.2 M sodium ni-
trate was used as a solvent for preparing a solution of
bismuth subsalicylate and the main supporting elec-
trolyte.

RESULTS AND DISCUSSION

As the main parameters of the electrochemical
analyzer that affect the signal, we chose the begin-
ning and rate of the sweep, time and accumulation
potential. The analysis was carried out by introduc-
ing an aliquot of 50 pl of a solution with a bismuth
subsalicylate concentration of 20 mg/l into the sup-
porting electrolyte solution after recording the back-
ground voltammogram. A typical voltammogram of
the background electrolyte and sample is shown in
Fig. 1.

The beginning of the sweep. For work, a con-
stant-current form of a potential sweep was chosen,
which is the most common in voltammetric analysis.
The beginning and the end of the sweep are usually
chosen so that the registration area necessarily in-
cludes the signal of the analyte, and also the amal-
gam of the electrodes is preserved without the metal
going into solution. In a preliminary analysis, it was
found that the signal of the bismuth ion is observed
in the region of the potential value of about 0.1. When
the value of the beginning of the sweep was changed,
no clear dependence of the signal value (peak height)
on the potential at the beginning of the sweep was
observed (Table 1).

32
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Puc. 1. TunuyHasi BoJbTaMIIEpOrpaMMa BUCMYyTa CyOcaTuIiuIaTa
Fig. 1. Typical voltammogram of bismuth subsalicylate

B BOJIbTAMIIEPOMETPHYECKOM aHaiau3e. Hawamo u
KOHeIl pa3BepTKH OOBIYHO BBIOMPAIOT TaKUM 0Opa-
30M, 4TOOBI 00JIACTh perucTpanuu 00s3aTeTbHO
BKJIIOUAJia CUTHAJ aHAJIHU3UPYyEMOTO BEIEeCTBa, a
TaKKe COXpaHsIach aMmajibraMa 3JIeKTPOIOB 6e3 Tie-
pexojia MeTasia B pactBop. [Ipu mpeaBapuTesbHOM
aHasu3e ObLJIO YCTAHOBJIEHO, UTO CUTHAJI HOHA BHUC-
MyTa HabJIro/1aeTcs B 00J1aCTH 3HAYEHUs TTOTEHIIHA-
ja okosio 0.1. IIpu m3MeHeHUU 3HAYEHUS Hadasa
pa3BePTKU He HAOJIOAATIOCh YETKOH 3aBUCHMOCTHU
BEJIMYMHBI cUTHasIa (BhICOTA ITIMKA) OT IIOTEHIIHAIa B
Hauvasie pa3BepTKu (TabIr. 1).

Cxopocmb paszsepmxu. VccnemoBaHue BIUA-
HUS CKOPOCTH Pa3BEPTKH IOKA3aJI0, UTO CKOPOCTh
Pa3BEPTKH MeHee 60 C IPUBOAUT K UCKAKEHUIO pop-
MbI NTMKA. B Iuama3oHe CKOPOCTU pa3BEPTKHU OT 60
JIO 120 ¢ BBICOTA ITUKA MEHSIETCS MTPOTIOPITMOHAIIBHO,

Rate of the sweep. A study of the influence of the
sweep rate showed that a sweep rate of less than 60 s
leads to a distortion of the peak shape. In the range
of the sweep rate from 60 to 120 s, the peak height
changes proportionally, the dependence of the peak
height on the sweep time is almost linear (Table 2,
Fig. 2, 3).

Accumulation time. The accumulation time of
the analyte in the sample is selected depending on
the concentration of the analyte in the sample. The
dependence of the signal value on the time of ac-
cumulation on the electrode cannot be linear in
the entire range since the electrode surface is lim-
itedly saturated. In addition, excessive accumula-
tion time slows down the study, which can be criti-
cal in rapid analysis. According to the data pre-
sented in Table 3, the dependence of the peak

Journal homepage: http://jsms.ngmu.ru

33



Busep A.A., Heanosckas E.A. / Journal of Siberian Medical Sciences 4 (2020) 30-37

TaGsuna 1. 3HaueHUs BBICOTHI IIHKA, IIOJIyYeHHbIe [IPX H3MEeHEeHUH Hadasla Pa3BepTKHU

Table 1. Peak height values obtained by changing the beginning of the sweep

Hauasto passeprku, B / Beginning point of the sweep, V

Bricora nmuka, MKA / Peak height, pA

-0.4
-0.5
-0.6
-0.7
-0.8
-0.9
-1.0
-1.1

-1.2

1.043
1.147

1.024
0.914
0.871
0.975
1.012

0.959
1.096

3aBHCHMOCTH BBICOTHI ITUKA OT BPEMEHHU Pa3BePTKU
MpaKTUYeCKU JJUHeHHa (Tabi1. 2, puc. 2, 3).

Bpemsa nakonaenus. BpeMsa HaKOIJIEHUS OIIpe-
JIeJIsIEMOTO BelllecTBA B Ipobe BHIOMPAIOT B 3aBUCH-
MOCTH OT KOHIIEHTPaIlMM aHAJIU3UPYEMOTO Belle-
cTBa B Ipobe. 3aBUCUMOCTb BEJIMYNHBI CUTHAJIA OT
BpEMEHU HAKOIUIEHUs Ha BJIEKTPO/Ie He MOYKET ObITh
JIMTHEWHON BO BCEM JUAIa30HE, IOCKOJIBKY IOBEPX-
HOCTD 3JIEKTPO/Ia OTPaHNUEHHO Hacklmaema. Kpome
TOTO, U30BITOYHOE BPEMs HAKOIUIEHUS 3aMeJIseT
MIPOBEIEHUE UCCIIEIOBAHUS, YTO MOXKET OBITh KPHU-
TUYHO TIpU 3KcIpecc-aHanuze. COTIacHO JTaHHBIM,
MpPE/ICTABJIEHHBIM B TabJl. 3, 3aBUCUMOCTb BBICOTBI
MIKA OT BpEMEHU HAKOIUJIEHUS SIBJISIETCS IPaKTUUe-
CKM JIMHEWHOH. Bpems HakomeHus cBbime 180 ¢
OBLIO IPU3HAHO HellesIecoO00pa3HbIM B PaMKaX JIaH-
HOU 33/1a4¥, TaK KaK METO/INKA IIpeIHA3HAUEHA /IS
KOJINYECTBEHHOTO OIIpe/ieJIeHNs, YTO [IPEATIOIaraeT
OTHOCHUTEILHO BBICOKYIO KOHIIEHTPAITUIO JEHCTBYIO-
mero BemecTBa. I10CKOJIBKY B BOJIBTAMIIEPOMETPH-
YecKOM aHaJIu3e JIOMyCKAaeTCsl N3MeHeHUe BpeMeHH!
HAKOIUIEHUsI Ha JJIEKTPOJie B paMKaX METOJUKH,
BO3MOXKHOCTh U3MEHATHh BpeMsI B IMANIa30HE OT 60
710 180 ¢ ABJsAeTcs BaKHBIM (PAaKTOPOM OINTUMU3A-
UM aHAIN3A.

ITomenyuan naxonnerus. Ilorennuan paboue-
TO 3JIEKTPOJIA JIOJI?KEH obecrieynBaTh HauboJIee moJ-
HOe HAKOIUIEHWe HMOHA BHCMYTAa HA IOBEPXHOCTH
3JIEKTPO/A U TMOJIyYeHHEe aHAJIMTHYECKOTO CHUTHAJIA
TOKa PaCcTBOPEHUs. 3HAUEHNUsI BHICOTHI TUKA IIPH I10-

height on the accumulation time is practically lin-
ear. An accumulation time of more than 180 s was
found to be inappropriate for this task since the
technique is intended for quantitative determina-
tion, which assumes a relatively high concentra-
tion of the active substance. Since voltammetric
analysis allows the change in the accumulation
time on the electrode within the framework of the
procedure, the ability to change the time in the
range from 60 to 180 s is an important factor in
optimizing the analysis.

Accumulation potential. The potential of the
working electrode should ensure the most complete
accumulation of bismuth ion on the electrode surface
and obtain an analytical signal of the dissolution cur-
rent. The peak height values at an accumulation po-
tential from —0.8 to —2.5 V are presented in Table 4.
The data array contains groups of values correspond-
ing to the usual dependence of the signal magnitude
on the storage potential. It should be noted that ob-
taining a data array in a large range of values of the
accumulation potential is immediately difficult since
the electrode is saturated, which requires washing
the film. In voltammetric analysis on a TA-4 device,
it is recommended to select the analysis conditions
so that the peak height does not exceed 3.0-3.5 pA
[6]. Since the influence of the accumulation potential
on the peak height is quite pronounced, it is neces-
sary to pay attention to this fact when implementing
the method.

Ta6uura 2. 3HaueHvsI BHICOTHI IIHKA, [T0JIyY€HHBIE DU N3MEHEHUN CKOPOCTH Pa3BEPTKU
Table 2. Peak height values obtained by changing the sweep rate

CKopocTh pa3BepTKH, ¢ / Sweep rate, s

BricoTa nuka, MKA / Peak height, pA

60
80
100
120

0.512

0.729
1.066

1.294

34
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TeHIhaJie HaKOIIeHU:A oT —0.8 10 —2.5 B npezcras-
JieHbI B TabJ. 4. B MaccuBe MaHHBIX TPHUCYTCTBYIOT
TPYIIIbI 3HAYEHUH, OTBEYAIONUX OOBIYHOU 3aBUCH-
MOCTH BEJIMYHHBI CUTHAJIA OT IIOTEHI[MAJIa HaKOILIe-
Hus1. HeoOX0MO OTMETHTH, YTO MOJIyYeHHEe MACCH-
Ba JAHHBIX B OOJIBIIIOM JHUAala30He 3HAUYEHUH ITI0TEH-
npajga HaKOIUIEHHS OJAHOMOMEHTHO B3aTPYAHEHO,
TaK KaK IMIPOUCXOIUT HACBIIIIEHUE 3JIEKTPO7Ia, TpeOy-
I0lllee OTMBIBKY IUUIeHKH. [Ipyu BOJIbTaMIIEpOMETPH-
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Fig. 3. Voltammogram of bismuth subsalicylate
at a sweep time of 20 s

According to the results of the study, when ana-
lyzing bismuth in the pharmaceutical substance of
bismuth subsalicylate by the method of stripping
voltammetry under the described conditions, all the
regularities usual for the method are preserved. The
identified limitations are associated more with the
expediency and convenience of the analysis than
with any difficulties in reproducing the method itself.
The most critical parameter of the method in the

TaGauna 3. 3HaueHVs BBICOTHI [IMKA, [IOJIyY€HHbIE TIPU U3MEHEHUN BPEMEHH HAKOIUIEHHS
Table 3. Peak height values obtained by changing the accumulation time

Bpems HakormieHus, ¢ / Accumulation time, s

Bricora muka, MKA / Peak height, pA

60
90
120
180

0.608
0.655
0.724
0.800
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TaGJII/II.la 4. 3HauyeHHs BHICOTHI IIHUKa, [IOJIy4Y€HHbIE ITPU USMEHEHUH IIOTEHIIHa/Ia HAKOIIJIECHU

Table 4. Peak height values obtained by changing the accumulation potential

IMorennuasn HakoIleHus1, B / Accumulation potential, V

Bricora nuka, MKA / Peak height, pA

-0.8
-0.9
-1.0
-1.1

-1.2
-1.3

-1.4
-1.5

-1.6
-1.7

-1.8
-1.9
-2.0
-2.1
—2.2
-2.3
—-2.4
-2.5

1.712
1.837
1.943
2.093
2.592
3.029
1.363
1.634
1.938
2.062
2.158
2.290
2.553
2.975
3.095
3.468
3.569
3.540

yeckoM aHasn3e Ha mpubope TA-4 pekoMeHyeTcs
moZI0MpaTh YCIOBUs aHAJIM3a TAKUM 00pa3oM, UTo-
OBl BBICOTA IMKA HEe IpeBbImaia 3.0—3.5 MKA [6].
Tak Kak BIUSHKE [TOTEHIMAIa HAKOIIJIEHUs Ha BbI-
COTy MHMKA JIOCTATOYHO BBIPA’KEHO, IIPU PeaTn3aIiiu
METOJUKUA HeoOX0oAuMO oOpaliaTh BHUMAaHUE Ha
JIAaHHBIN (PaKT.

CorslacHO pesyabTaTaM WCCIEIOBAHUS, TMPH
aHayn3e BHCMyTa B (hapMareBTHYECKOU cyOcTaH-
MU BUCMYTa cyOcaiunuaaTa METOJOM HHBEPCUOH-
HOM BOJIBTAMIIEPOMETPUM B OMUCAHHBIX YCIOBHAX
COXPAHSITCS BCE OOBIYHBIE JJIA METOJ[a 3aKOHO-
MEpPHOCTHU. BbIABJIEHHbIE OTPAHUYEHHUSA CBSI3aHBI
CKOpee C 11eJIeCO00Pa3HOCTHIO U YIOOCTBOM aHAH-
3a, 4YeM ¢ KaKUMHU-JINOO TPYTHOCTSIMH BOCIIPOH3BE-
JleHus1 caMoro metoga. Hanbosiee KpUTHYHBIM I1a-
pamMeTpoM MeTO/ia TIPYU aHAIM3€e HOHA BUCMYTa sIB-
JISleTCsl TIOTEHIMa HAKOIUIEHUs, NMPUBOAAIINN K
KpaliHe BbIpa)KEHHOMY KOJIMUeCTBEHHOMY U3MeHe-
HUI0 aHAJIUTUYECKOTO CUTHAIa, YTO U OTPa’KaeT

crienupUUIHOCTh U U30UPATETBHOCTD JTAHHOTO
MeTOoZA.
SAK/IIOYEHUE

ITogobpaHHble ycyoBUsA (Ha4aao U CKOPOCTh
Pa3BEPTKH, BpEMsI U IIOTEHITHAJ HAKOTIJIEHH) JAIOT
BO3MOYKHOCTh KOJIMUECTBEHHOTO U KAYeCTBEHHOTO
OTIpeIeJIEHNsT BUCMYTa CyOCaTUITUIaTa ¢ TIOMOIIBIO

analysis of the bismuth ion is the accumulation po-
tential which leads to an extremely pronounced
quantitative change in the analytical signal, which
reflects the specificity and selectivity of this method.

CONCLUSION

The selected conditions (the beginning point and
rate of the sweep, the time and accumulation poten-
tial) make it possible to quantitatively and qualita-
tively determine bismuth subsalicylate using an elec-
trochemical method. In general, stripping voltamme-
try has great potential for use as a method for the
quantitative determination of bismuth in the active
pharmaceutical ingredient of bismuth subsalicylate.

Conflict of interest. The authors declare no
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2JIEKTPOXUMHIYECKOTO METOA. B 11e;10M mHBEpCHOH-
Hasg BOJIBTAMIIEPOMETPHUA MMeeT OOJIBIION IMOTeH-
[HaJI /IS IPUMEHEHNs B KauecTBe MeToa Konde-
CTBEHHOTO OIIpeZIeJIEHNs BUCMYTa B aKTUBHOU (ap-
MaleBTUYECKOH CyOCTaHIIMM BUCMyTa CyOcasu-
[ysIaTa.

KoH@aukT uHTEpecoB. ABTODHI 3aABJIAIOT
00 OTCyTCTBUY KOH(JIINKTA UHTEPECOB.
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