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Extraction-photometric determination of bismuth in the ointment
«Liniment balsamic» in the quaternary water — dithiopyrylmethane —
trichloroacetic acid — orthophosphoric acid system

The article is devoted to the investigation of the mutual influence of bismuth, dithiopyrylmethane,
trichloroacetic and orthophosphoric acids in a four-stratified system with a single liquid component, wa-
ter.The results of the developed alternative method for determining the microgram amounts of bismuth in
pharmaceutical preparations using this system, which does not contain toxic organic solvents, are presented.
The coloring complex of bismuth with dithioerythritol yellow allowed using photometry at 354 nm and
447 nm as a method of monitoring the concentration of bismuth. The appearance of two maxima on the ab-
sorption spectrum indirectly indicates the formation of Bi-DTM complexes in different tautomeric forms,
namely, thion and thiol. Comparing the obtained data, it is found that the complexation of phosphate in the
media is similar to sulfuric acid, and the formation of the red complex of bismuth with dithioerythritol pre-
vents high value of acidity. The influence of extraneous ions on the determination of bismuth (III) was inves-
tigated. Selection of the ions was due to their presence in various alloys, pharmaceutical preparations, etc. ob-
jects, and containing trace amounts‘of bismuth. The results of the developed alternative methods are con-
sistent with the stated content of bismuth in ointment A.V. Vishnevsky «Liniment balsamicy.

Keywords: dithiopyrylmethane, bismuth, exfoliating extraction system, extraction-photometric determination,
complexation, the method of «saturation», heavy metal, medicine, medicament.

Introduction

Bismuth is a‘heavy metal, the compounds of which have a resorptive and local effect, which has al-
lowed the development of a sufficient number of pharmaceutical preparations of different effects. These
drugs are widely used and used in medicine. Bismuth in the human body is easily bound to proteins, so drugs
based on it have antiseptic and astringent properties [1]. Bismuth has a moderate toxicity, but the mechanism
of toxic effects of bismuth salts has been poorly studied.

It is known [2] that dithiopyrylmethane interacts with Au (III), Bi (III), Mo (VI) in a wide range of sul-
furic'and hydrochloric acids, forming stable colored compounds suitable for photometric determination. Un-
like yellow complexes of gold and molybdenum, bismuth forms a complex compound of red-cherry color,
stable for a long time. The ratio Bi:DTM = 1:2 was found by the method of equilibrium shift.

The extraction-photometric determination of bismuth with dithiopyrylmethane in the presence of
thiocyanate, iodide, and perchlorate ions is described in [3, 4]. The absorption maxima of bismuth complexes
in the organic phase, with the ratio Bi:DTM = 1:3, are at 490, 520, and 540 nm. The method is used for anal-
ysis of ores and their enrichment products.

Bismuth with dithiopyrylmethane in the presence of perchlorate ions forms a ternary complex, which is
extracted from aqueous solutions with dichloroethane or a mixture with dimethylformamide [5].The ratio of
the components in the extracted compound is as follows Bi:DTM:CIO, = 1:3:3.
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The aim of the study was to modify the above-described extraction-photometric determination of bis-
muth [4] by replacing the traditional extraction system with an organic solvent with a single-component lig-
uid-water system. This system relates to non-traditional extraction systems, since extraction proceeds due to
delamination of the aqueous-organic medium when the salting out agent is introduced. Stratification occurs
due to the chemical acid-base interaction of trichloroacetic acid (TCAA) with dithiopyrylmethane (DTM)
and salting out when orthophosphoric acid is added.

Experimental

Reagents. We used an aqueous solution of bismuth (Cg; = 4.1x10° mol/L) and phosphate solution of
dithiopyrylmethane (DTM) (Cprm = 0.02 mol/L).The optimal ratio of the acids entering the system was cho-
sen by isomolar series for the extraction-photometric determination of bismuth with dithiopyrylmethane,
namely, Vi,po, (C = 10.3 mol/L):Vccicoon (C = 6.4 mol/L) = 1:1. The total volume of acids was 5 mL. As the
real object of the selected ointment at the A.V. Vishnevsky «Liniment balsamic» with the content of bismuth
initis 1.74 %.

Equipment. The absorption spectrum of the complex in the extract was taken with respect to the refer-
ence solution on a spectrophotometer «Spekol-10». To remove the spectra all solutions were prepared in
10 mL volumetric tubes.

Results and discussion

In the system under study, bismuth forms a yellow complex with dithiopyrylmethane. Two maxima at
354 nm and 447 nm are observed on the absorption spectrum, which apparently indicates the occurrence of
dithiopyrylmethane in the complex in various tautomeric forms of thionic and thiol.

Absorption spectra of extracts of bismuth complexes with DTM.in orthophosphoric and sulfuric acid
systems have been studied, as well as the dependence of the absorption spectra of the complex extract in the
orthophosphoric acid system. Comparing the data obtained, it.-was established that complexation in phos-
phoric acids occurred similarly to sulfuric acid. The formation of a red complex of bismuth with
dithiopyrylmethane is prevented by a high value of theracidity of the medium. In our case, with a decrease in
the acidity of the medium, stratification disappears, and therefore a yellow complex is observed in the sys-
tem. Two independent methods of «saturation».and Bent-French determined the Bi:DTM ratio in the com-
pound, it was 1:2, which agreed with the literature data [3].

The choice of optimal conditions was carried out at two wavelengths. Dependences of the optical densi-
ty on the concentration of the reagent (Fig: 1), the acidity of the medium (Fig. 2), and the color development
time were studied. It was established that the bismuth complex with dithiopyrylmethane was stable during
the day.
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Figure 1. Dependence of the absorbance of the extract of bismuth (III) complex with DTM
on the concentration of the reagent
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Figure 2. Dependence of the absorbance of the extract of bismuth (III) complex with DTM
on the concentration of orthophosphoric acid

The dependence of the absorbance on the bismuth concentration was studied under the selected optimal
conditions, namely, 2.0 mL of 10.3 M H;PO,, 2.5 mL of 6.4 M CCl;COOH, 0.5 mL of 0.02 M phosphoric
solution of DTM, and calibration curves were plotted for two wavelengths (Fig. 3).
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Figure 3. Dependence of the optical density of the extract containing bismuth (III) complex
with DTM on the concentration of bismuth reagent

When assessing the reproducibility of the method for determining bismuth with dithiopyrylmethane, it
was established that the relative standard deviation did not exceed 0.04 (Table 1). The apparent molar ab-
sorptivity was also calculated to be &,,, = 1.2 10* (A = 354 nm) and Eapp= 1.1 10* (A = 447 nm).

Table 1
The determination of bismuth in solutions of its salts (A =354 nm, n = 3)
Introduced, m, ug Found (m; + 9), pg S,
8.0 82+09 0.04
16.9 16.9+0.7 0.03
27.9 27.3+0.6 0.01
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The influence of extraneous ions on the determination of bismuth (III) was studied. The choice of ions
was due to their presence in various alloys containing micro-quantities of bismuth: steel, CAM, etc. The cri-
terion of influence was taken by the deviation of the absorbance by 3—5 % from its value, measured in the
determination of bismuth without extraneous ions. Interfere with Cu (II), Cr (VII), Mo (VI), Ti (IV) do not
interfere with Al (III), Cd (II), Fe (I1II), Mn (II), Ni (II), Pb (II), Si (IV), VO,", Zn (II) in certain quantities
(Table 2). Thus, the procedure for determining bismuth is selective in the presence of Fe (III), but it is neces-
sary to resort to masking Cr (VII), Cu (II), Mo (VI), Pb (II), and Ti (IV).

Table 2
The influence of extraneous ions on the determination of bismuth
The name of the ion mg; : Mion

Si (VI) 1:100
Mn (1) 1:270
Ni (I) 1:114

vO* 1:5
Zn (IT) 1:80
Pb (1) 1:1
Cd (1D 1:2
Al (IID) 1:8
Fe (IIT) 1:500

Cu (II), Cr (VII), Mo (VI), Ti IV) | Disturb the definition

Since bismuth is contained not only in alloys, but also in pharmaceutical preparations, the ointment ac-
cording to A.V. Vishnevsky «Liniment balsamic» with the content of bismuth in it is 1.74 %.2.0 mL of
H;PO, (10.3 M), 2.5 mL of CCI;COOH (6.4 M), 0.5 mL of a phosphate solution of dithiopyrylmethane
(0.02 M) and alternating the amount of bismuth, namely, 5.0 pg; 10.0 pg, 13.0 pg, 16.9 pg, 19.9 ng, and
30.6 ug were used to construct the calibration curve.

After sedimentation and phase separation, the:absorbance of the extract was measured at A = 354 nm on
a spectrophotometer «Spekol-10». Based on the obtained data, a calibration graph was plotted in coordinates
A-mBi (pg) and processed by OLS. The regression equation had the form: A = 0.032 m. Then a sample of
ointment 0.09640 g was dissolved in 6.4'M CCI3;COOH in a 25 mL volumetric flask. 2.0 mL of H;PO,
(10.3 M), 0.5 mL of a phosphate-acid.solution of DTM (0.02 M); 2.1-2.3 mL of CCI;COOH (6.4 M) and
aliquots of the dissolved ointment 0.4-0.2 mL were added to the measuring tubes. After settling and separat-
ing the phases, the absorbance was measured and the mass fraction of bismuth in the pharmaceutical prepara-
tion was calculated. The results of the determination are given in Table 3. The value of the relative standard
deviation does not exceed 0.04.

Table 3
Determination of bismuth in the ointment «Liniment Balsamic»

o +3, %
1.74 + 0.02

Content wg;, % Sr
1.74 0.01

Conclusions

Thus, the mutual influence of bismuth, dithiopyrylmethane, trichloroacetic and orthophosphoric acids in
a four-stratified system with a single liquid component, water, was studied. The influence of extraneous ions
on the determination of bismuth (III) was studied. The results of the developed alternative method for deter-
mining the microgram amounts of bismuth in pharmaceutical preparations using this system, which does not
contain toxic organic solvents, are consistent with the claimed bismuth content in the ointment according to
A.V. Vishnevsky «Liniment Balsamicy.

Cepusa «Xumuns». Ne 3(91)/2018 61



L.S. Yegorova, L.V. Shcherbakova, Ye.A. Leites

References

1  Momnoraposa O.B. PentreHoduiyopeciieHTHOE onpe/eieHre BUCMyTa B JISKAPCTBEHHBIX mpenaparax «Jle-Hom» u «Buxanus»
/ O.B. Monorapoga, I1./1. ITonmkapmiosa // Becta. Mock. ya-Ta. Cep. 2. Xumust. — 2015. T.56, Ne2. — C. 70-74.

2 HonropeB A.B. luTHONMPUIMETAH M €r0 aHAJIOTH KaK aHAJUTHYECKUE peareHThl. lccriemoBaHue KOMILUIEKCOOOpa30BaHMS
JTUTHOIMPUIMETaHA C 30JI0TOM, BUCMyTOM U MoimbaeHoMm / A.B. [lonropes, A.E. JIsicak // XKypH. anamur. xumun. — 1974, —
T.29,Ne 9. — C. 1766-1770.

3 Honropes A.B. DKkcTpakiys BUCMyTa AUTHOMUPUIMETaHOM U3 poaaHuIHbIX pacTBopoB / A.B. onropes, A.E. JIsicak // Op-
TFaHUYECKUE PearcHThl B aHanuTudeckoi xumuu. — 1980. — C. 25-30.

4 JHonropeB A.B. JluTnonupuiaMeTaH M €ro aHaJoOr'M Kak aHalWTHuYeckue peareHThl. CuHTe3 u cBoiictBa / A.B. [lonropes,
A.E. JIicak, }0.®. 3ubaposa, A.I1. JIykosiHoB // XKypu. ananut. xumun. — 1980. — T. 35, Ne 5. — C. 854-861.

5 Honropes A.B. KomruiekcooOpa3oBaHue BUCMyTa C IUTHOMMPUIMETAHOM B MEpXJIOpaTHbIX pacTBopax / A.B. Jlonropes,
A.E. JIsicak // XypH. neopr. xumun. — 1981. — T. 36, Ne 4. — C. 948-951.

JI.C. Eropoga, JI.B. Illepb6akoBa, E.A. JleiiTec

«baab3aMIbIK THHAMEHT» KaKNaMalbIHIa BUCMYTThI
Cy — AUTHONMHPUIMETAH — TPUXJIOPCipKe KbIIIKBLIbI — 0pTo(ocdop KIMIKbLIbI
JKyHeciH/ie IKCTPaAKIUSIIbI GOTOMETPJIIK JIiCHEH AHBIKTAY

Makanazia BACMYTTbIH Cy — AUTHOIIUPHIMETaH — TPUXJIOPCIPKE KbILIKbLIBI — OPTO(GOPCOp KhIIKBUIBI XKYlie-
cinzeri ocepi 3eprrenreH. dapMmaneBTHKAIbIK NpenapaTTapiaH JKOFapblia alThUIFaH jxyitene (KypaMbIHaa
YIIBI OPTaHMKAIIBIK €PITIHALIEp] XKOK) MEKPOTPaMM MeJIIIepieTi BUCMYTTHI aHBIKTayIbIH KOCHIMINA d/ICIHIH
HOTIDKEJIepl KeNTipinreH. BHCMyT KelleHiHIH JUTHONHMpPWIMETAaHMEH. capbl TycKe OOSUIyBl BHCMYT
KOHIIEHTpanusaceH 354 HM xoHe 447 HM-zeri GoToMeTpus omiciMeH aHBIKTayFa MYMKIHIIK Oepui. JXKyTeury
CIIEKTpiHAe €Ki MaKCUMyMHBIH Ty3uryi Bi-JITM KOMIUIEKCIHIH OpPTYpPJi TayTOMEpIiK — THOHIBI XKOHE
THOJABI TYpHAE TY3UIreHIH KepceTedi. AJIBIHFAH HOTIIKENIEPl CalBICThIPa OTBIPBIN, KOMIUIEKC TY3ily
(ochOpIBI-KBIIKBUIABIK OpTaja KYKIPTTi-KbIIIKBUIIBIK OPTaFra YKCAC KYPETiHI aHBIKTAIbI, a1 BUCMYTThIH
JMTHOTIMPUIMETAaHMEH KbI3bUI TYCTI KOMIUIEKC TY3yiHe. OpTa. KbIIIKbUIABIFBIHBIH JKOFAapbl 0Oybl Keaepri
kenTiperini 6enrini 6onasl. XKymbicta BucMyT (III) noHBIH aHBIKTayda 6acka HOHIAPIBIH dCepi 3epTTeNi.
Wonpmapaer Tarmay Ke3iHIe KypaMbIHAa MHKPOMeJIIEpAE BHCMYT Ke3IeCeTiH opTypii OaixsiManap,
(hapMareBTHKANBIK, [IperapaTrap XoHe Oacka JMa 3aTTap Herisre aJblHIBL. OHJENTeH JMICTIH HOTIKenepi
A.B. BumieeBckmii  OoiibiHIIa  «banmb3aMIbIK  JTHHAMEHT» JKaKIMaMaWbIHBIH  KYPaMBIHIAFbl  BHCMYT
MeJIIepiMeH YIIecTi.

Kinm cesdep: nuTnonupuiIMeTaH, BUCMYT, KaOAaTThl SKCTPAaKUMsIIAHFAH JKYHe, SKCTPaKIHUIBl GOTOMETPIIIK
aHBIKTAY, KOMIUIEKC TY31J1y, «KaHBIFY» 9/IiCl; ayblp METall, MEUIMHA, I9PLIIK pernaparrap.

JI.C. Eropoga, JI.B. Illepb6akoBa, E.A. Jleiitec

IKCTPAKIUOHHO-(OTOMETPUYECKOE OTIPe/ie/ieHe BUCMYTAa
B Ma3M «/IMHUMEHT 0ajib3aMU4YeCKUii» ¢ MOMOIIbI0O YeTBEPHOI CHCTEMbI
BO/Ia — IUTHONMUPWIMETAH — TPUXJIOPYKCYCHAasI KHCJIOTA — OpTO(ocHOpHAsE KUCTIOTA

Crathsl TTOCBSIIEHA HCCIIENA0BAHUIO B3aMHOTO BIHMSHHS MOHOB BUCMYTA, JUTHONUPHIMETaHA, TPUXIOPYK-
CYCHOMH U 0pTO(HOCHOPHOI KUCIOT B USTBEPHOI PACCIAMBAIOLICHCS CHCTEME C €IMHCTBEHHBIM KHAKUM KOM-
TMOHEHTOM — BoJoW. [IpuBeneHB! pe3ynbTaThl pa3pabOTaHHON aJbTEPHATHBHOM METOIUKH OIpeIeTCHUs
MHKPOTPaMMOBBIX KOJHYECTB BUCMYTa B (hapMaIleBTHUECKUX MpenapaTax ¢ MOMOIIBIO yKa3aHHON CHCTEMBI,
HE COZeprKalllell TOKCUYHBIX OPraHUYECKUX pacTBopuTeneil. OkpalluBaHue KOMIUIEKCAa BUCMYTa ¢ JUTHUOIU-
PUIMETAHOM B >KEIThIH 1IBET MO3BOJMIO IPUMEHUTh B KAUYECTBE METOJAa KOHTPOJIL KOHIEHTPAlud BUCMYTa
¢doromerpuro npu 354 uM u 447 uwm. [losiBeHne B cHeKTpe MOTJIOMIEHUS ABYX MaKCHMyMOB KOCBEHHO yKa-
3bIBaeT Ha oOpazoBaHHe KoMIuleKkcoB Bi-/ITM B pa3HBIX TayTOMEpHBIX (opMax: THOHHOI U THOIbHOH. Co-
MOCTaBIIsIsl TONydEeHHbIE JaHHBIE, YCTAHOBWIIM, YTO KOMILIEKCOOOpa3oBaHHE B (OCHOPHOKHUCIBIX Cpemax
MIPOUCXOJUT AHAJIOTUYHO CEPHOKUCIIBIM, 8 00Pa30BaHUIO KPACHOTO KOMILIEKCAa BUCMYTA C AUTHONUPUIMETA-
HOM MeEIIAeT BHICOKOE 3HaU€HHE KUCIOTHOCTH cpefbl. B craThe Mccie0BaHO BIMSIHUE TTOCTOPOHHUX HOHOB
Ha onpezenenue BucmyTa (11I). Beibop noHOB 00ycnoBnmBajcsa UX HAIMYKMEM B Pa3lIWYHBIX CIIIaBax, (hapma-
HEBTHYECKHUX TIpernaparax 1 Apyrux o0beKTax, COAEPIKalIMX MUKPOKOIHYECTBA BUCMYTa. Pe3ynbTaTsl paspa-
0OTaHHOH aNbTEPHATHBHON METOAMKH COTJIACYIOTCS C 3asBIEHHBIM COJAEp)KaHHEM BHCMYyTa B MasH IO
A.B. BumneBckoMy «JINHUMEHT Gab3aMHIECKHI).
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Kniouegvie cnosa: NUTHONMPUIMETaH, BHUCMYT, PAcCIauBaroOlIascs SKCTPAKLMOHHAS CHCTEMa, SKCTPAK-
LIMOHHO-(OTOMETPUYECKOE OIpe/ieIeHNE, KOMIUIEKCO00pa30BaHNe, METOJL «HACBILICHUS», TSHKEIbIH MeTall,
MEINILHUHA, JICKAPCTBEHHBIE MPETIapaThl.
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