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Extraction-photometric determination of osmium using quaternary
water-thiopyrine-trichloroacetic and orthophosphoric acid system

The article is devoted to the extraction-photometric determination of osmium. The aim was to modify the
well known extraction-photometric determination of osmium by replacing chloroform, used as an organic
solvent in a traditional extraction system, on to water, which is the only liquid component in the layering sys-
tem. This made it possible to eliminate the toxic organic solvent from the system. The optimal conditions for
the osmium extraction were selected, taking with the fact that the consumption of thiopyrine, as an expensive
reagent, should be minimal. The results of the developed methodology for determining microgram amounts
of osmium with thiopyrine were presented by the example of a model mixture corresponding to the composi-
tion of a platinum sponge. The interfering effect of Al (IIT), B (I1I), Bi (III), Fe (IIT), Au (III), Ir (II), Cd (II),
Co (II), Ca (II), Si (IV), Mg (II), Mn (II), Cu (II), Mo (VI), As (V), Ni (II), Sn (IV), Pd (II), Rh (II), Pb (ID),
Ag (I), Sb (III), Te (IV), Cr (II1), Zn (II) contained in a platinum sponge was investigated. The interfering ef-
fect of copper has been established, which is eliminated by masking with ascorbic acid.

Key words: osmium, thiopyrine, extraction-photometric determination, platinum sponge, complexation, syn-
thesis of drugs, cortisone.

Introduction

Osmium is used to create particularly durable alloys, in the manufacture of hands and axes for measur-
ing equipment, clockworks, and the production of drugs, for example, the cortisone. The high catalytic abil-
ity of osmium is used in chemistry and petrochemistry, osmium tetroxide is employed in the synthesis of
drugs, and its alloy with platinum is used in the manufacture of cardiac implants, pacemakers and valves.

There are gravimetric, titrimetric, electrochemical methods for the determination of osmium [1-3]. The
spectrophotometric methods with organic reagents of various classes are most usually used: thiourea and its
derivatives, selenourea, derivatives of mercapto and nitrosoquinolines, aromatic amines, amino alcohols,
amino acids, various heterocyclic compounds with various functional and analytical groups (= S, —SH, —OH,
—NH,, =NH, =N) [4]. Alkali metal and ammonium thiocyanates are used as the inorganic reagents. Osmium
is determined by own color of osmium (VI) hexabromide, and by the color of OsO, in an organic solvent.
None of the methods makes it possible to determine osmium in the presence of all the accompanying ele-
ments of the platinum group; therefore, it is separated in the form of OsOy, either by selective distillation or
by selective extraction. These methods allow to concentrate osmium simultaneously. The most sensitive
methods include methods for the determination of osmium using 1,5-diphenylcarbohydrazide, 1-naphtha-
lene-4,6,8-trisulfonic acid and anthranilic acid. Very small amounts of osmium from 0.001 to 0, 1 pg/ml are
determined with the simultaneous use of sulfanilic acid and dimethylamine. Dithiocarbamic acid derivatives
are suitable for the osmium determination in the presence of an excess of platinum, palladium, iron, and
some other elements [5].

Thiopyrine (TP) and its derivatives form green complexes with Ru (IV) and Os (IV, VIII). The com-
plexes of osmium with thiopyrine and its derivatives well extracted with chloroform in the presence of
thiocyanate or trichloroacetate ions [6].

The goal was to modify the well known extraction-photometric determination of osmium by replacing
chloroform, used as an organic solvent in a traditional extraction system, on to water, which is the only liquid
component in the layering system.

Experimental

Reagents. 6.4 M TCAA and 8.7 M H;PO,, OsO, solutions, crystalline thiopyrine were used.
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Equipment. The absorption spectrum of the complex in the extract was taken with respect to the refer-
ence solution on a spectrophotometer «Spekol-10» in a quartz cuvette with /=1 cm.

Experimental methodology. The extraction-photometric determination of osmium in a quaternary sys-
tem without an organic solvent has been studied. It was necessary to choose the optimal conditions for its
extraction. The consumption of thiopyrine, as an expensive reagent, should be minimal. The choice of the
optimal ratio of acids was carry out by the method of isomolar series.

6.4 M TCAA and 8.7 M H;PO, solutions in various ratios were place in a series of tubes, taking into
account that the total volume of the system should not exceed 5 ml. As a result, it was found that sufficient
for practical purposes volume of the organic phase is equal to 2 ml. It can be obtained when the volume ratio
of acid solutions is 2.5 ml of TCAA and 2.5 ml of H;PQO,, i.e. 16.0 mmol TCAA and 21.8 mmol H;PO, or at
8:11 molar ratio of acids.

TCAA, 20 pg of Os (VIII) and 30 mg of thiopyrine were placed in a test tube in the above ratio to take
the absorption spectrum of the extract. The absorbance of the green-colored extract was measured after phase
separation. Containing all the starting components except osmium solution was used as a comparison solu-
tion.

Results and Discussion

The maximum light absorption of the complex was observed at A = 728 nm. The optical characteristics
of the extract are similar to the optical characteristics of the complex of osmium with thiopyrine in aqueous
solutions and in chloroform [6].

The reaction of forming a colored compound requires a certain excess of complexing reagent. In some
cases, it is sufficient to introduce a small excess (20-30 %) of the reagent compared with the stoichio-
metrically calculated amount for the complete binding of metal ions to the colored compound. In other cases,
a significant excess of reagent is needed when the stability of the colored complex is small. So the optimal
amount of reagent has been established. The obtained dependence is shown in Figure 1, from which it can be
see that the absorbance of the extract reaches a maximum at 0.12 mmol of thiopyrine. All further studies
were performed with an amount of thiopyrine equal to 0.15 mmol.

Verification of compliance with the basic law of light absorption of the extract was carry out under the
selected optimal conditions: 21.8 mmol TCAA, 16.0 mmol H;PO,, 0.15 mmol thiopyrine, a variable amount
of osmium (VIII). The total volume of the system was 5.0 ml, the volume of the organic phase was 2.0 ml.
The comparison solutions were prepared in a similar way.
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Figure 1. Dependence of the absorbance Figure 2. Calibration graph of the extraction-photometric
of the extract of the Os (VIII) determination of Os (VIII) with thiopyrine in the water —
with thiopyrine complex thiopyrin — trichloroacetic acid — orthophosphoric acid
on the thiopyrine (t) amount tetra-quaternary system

Figure 2 shows the dependence of the absorbance of the extract of the osmium content. A linear rela-
tionship was observed when 2 to 40 pg of osmium introduced into the system. This linear relationship is ac-
tually a calibration curve line for the extraction-photometric determination of osmium. The calibration graph
parameters were calculated using the least squares method. The values for the linear equation parameters
y=ax + b (there a and b are coefficients, r is the correlation coefficient, S,, S, Sy are the standard deviations
of the a, b and r parameters) are given in Table 1.
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Table 1
Calculation of the calibration graph equation parameters
a S, b Sy r So
8.8-10° 2.3-10° 1.2-10° 3.6-107 0.995 2.9-10°

The Os:R molar ratios of 1:4 with TP and 1:2 with dithiopyrilmethane (DTM) were established using
the equilibrium shift method. The absorption increases with an increase in the excess of reagent and its max-
imum value is reached at a thirtyfold excess of thiopyrine. The color of the solutions is stable over time. Law
of Beer is observed for 1-20 pg/ml Os. The complexes of osmium with thiopyrine and its derivatives well
extracted with chloroform in the presence of thiocyanate or trichloroacetate ions. The light absorption curve
line has a maximum at 690 nm in the presence of trichloroacetic acid (TCAA). Law of Beer is valid for
1.5-30 pg/ml osmium, the concentration of TCAA in the solution should be at least 0.05 M. Extraction-
photometric determination differs from photometric because it allows to determine the Os in the presence of
significant amounts of Ru (even at 1:100 ratio of Os:Ru). Definition of 30 mg/ml of osmium does not inter-
fere with 5-fold amounts of Al (III), Cd (II), Co (II), Cr (III), Fe (1II), Mg (II), Mn (1D), Ni (II), Pd (1),
Ti (IV) and Zn (II), 10-fold amounts of Rh, equal amounts of Pt [6].

The experimental values of the calibration graph points were used to calculate &,,,. The obtained value
Eapp €qual to 8.9- 10° slightly differs from Eapp = 6.3-10° specified in [6] due to a significant change in the
composition and properties of the extract.

Well-known Asmus and Bent-French methods were used to determine the Os: TP ratio in the extraction
complex [7]. Coincident ratios Os:TP = 1:4 in the complex were obtained, which is consistent with published
data.

Osmium is found in such various objects as platinum sponge, copper-nickel-sulfide ores, etc. A model
mixture corresponding to the composition of the platinum sponge was chosen to develop the method for de-
termining osmium with thiopyrine. The osmium content in it is (8—800)- 10 * %. Other impurities (n-10*) are
also contained in the platinum sponge: Ag — 200; Al — 100; As — 200; Au — 100; Ir — 20; Ca — 40;
Cd — 100; Co — 500; Cr — 40; Cu — 20; Fe — 100; Mg — 100; Mn — 40; Mo — 100; Ni — 40;
Os — 800; Pb — 200; Sb — 50; Si — 100; Sn — 50; T1 — 500; Zn — 500.

The influence of foreign ions on the results of the 10 ug osmium determination was studied, since other
elements besides osmium are present in the form of impurities in the platinum sponge. The 3-5 % deviation
of the extract absorbance from its value, measured when determining osmium without an extraneous ion, was
taken as an influence criterion (Table 2).

Table 2
Influence of interfering ions on the osmium determination

Interfering ion My, / Mog Interfering ion My, / Mog
Al (IIT) 20 Mo (VI) 20
B (III) 10 As (V) 50
Bi (1IT) 5 Ni (IT) 10
Fe (IIT) 20 Sn (IV) 13
Au (IIT) 20 Pd (1D 5
Ir (IT) 100 Rh (I) 10
Cd (1) 20 Pb (1) 100
Co (ID) 100 Ag (D) 50
Ca (II) 10 Sb (IIT) 50
Si (IV) 200 Te (IV) 10
Mg (1) 20 Cr (IIT) 100
Mn (IT) 5 Zn (II) 10
Cu (II) 3

It was found that copper and antimony already in 1:1 ratio interfered at the determination of osmium
with thiopyrine, all other ions did not interfere at this process. The interfering effect of copper was masked
with 0.03 g of ascorbic acid. The determination of osmium in a mixture simulating the composition of a plat-
inum sponge was carried out by the method of additions.
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Graphic option. 2.20 pg Os (corresponds to 7.3-107> % Os), 5 ml of 8.7 M H;PO,, 5 ml of 6.4 M
CC15COOH, 30 mg of thiopyrine, 0.03 g of ascorbic acid to mask copper, 0.8 ml of a mixture containing
3.0 mg Pt were placed in a 15 ml volumetric tube. The osmium content was gradually increased by addition
of 5.0, 15.0; 25.0 and 35.0 pg to the next 4 volumetric tubes, respectively. The comparison solution con-
tained all the starting components except osmium.

The absorbance of the extracts was measured at A = 728 nm after complete phase separation. The graph
was built in the A — ®os% coordinates, plotting the absorbance of the extract of the analyzed model solution
on the ordinate axis without additional osmium. The absolute value of the segment m,, cut off on the ordinate
axis, corresponds to mps = 7.5-102 % in the mixture.

Estimated option. The above amounts of phosphoric acid, trichloroacetic acid, thiopirine and mixture,
as well as 15.0 pg of osmium (additive) were placed in 2 volumetric tubes with a capacity of 15 ml.

The calculation was carried out according to the formula:

A

X

o_—— o,
fo _A d

x+d X

where ®, is the mass fraction of osmium in the mixture, %; o, is the mass fraction of osmium supple-

ment, %; A, is the absorbance of the extract with a complex of thiopyrine with osmium extracted from a

model mixture of a platinum sponge; 4,., is the absorbance of the extract with the addition of osmium.
Determination of osmium in the model mixture of platinum sponge is show in Table 3.

Table 3
Determination of osmium in the model mixture of platinum sponge
Content of Os, @, % Found by graphic option, ®, % Found by estimated option, (0+3), % S
7,310 7,5:10° (7,3£0,2)-10 ° 0,02

The content of Os obtained by graphical and estimated options of the additive method is consistent with
each other.

Conclusions

So the well-known extraction-photometric method for determining osmium was modified by replacing
the traditional extraction system with chloroform, as an organic solvent, to a layering system with water as a
single liquid component. It allowed to exclude the toxic organic solvent from the system. The optimal condi-
tions for the extraction of osmium were selected: 21.8 mmol TCAA, 16.0 mmol H;PO,, 0.15 mmol
thiopyrine. A linear relationship was observed when 2 to 40 pg of osmium introduced into the system. The
results of the developed methodology for the determination of osmium with thiopyrine were presented by the
example of a model mixture corresponding to the composition of a platinum sponge. The interfering effect of
Al (IID), B (1), Bi (IIT), Fe (III), Au (III), Ir (II), Cd (II), Co (II), Ca (II), Si (IV), Mg (II), Mn (II), Cu (II),
Mo (VI), As (V), Ni (1), Sn (IV), Pd (II), Rh (II), Pb (1I), Ag (I), Sb (I11), Te (IV), Cr (1II), Zn (II) contained
in a platinum sponge was investigated. The interfering effect of copper has been established, which is elimi-
nated by masking with ascorbic acid.
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«Cy — THONIMPUH — TPUXJIOPALETUKAJIBIK KIHE OPTO(Pocdop KbIIIKbLIbD)
TOPTTIK KyleCiHIH KOMeriMeH 0CMUIiIi IKCTPAKIMSIIBIK-()OTOMETPUSJIBIK AHBIKTAY

Makana OCMHUHIIH 3KCTPaKUMSIBIK-POTOMETPHSIBIK —aHBIKTAIYbIHA apHaiuFaH. MakcaTbl OCMHIAIIH
SKCTPAKIHAIBIK-POTOMETPHSIIBIK aHBIKTAMACHIH JOCTYPJI SKCTPAKIMS JKYHeciH XJI0podopMFa OPraHUKaNIbIK
epITKiLI peTiHae KaObIPIIaKTalThIH XKYiie MeH Oip CYHBIK KOMIIOHEHT — Cy aybICTBIPY apKbUIbI 63repTy 0011
161 Byt okyiie yibl opraHUKaIBIK ePITKIMITI XKOFa MyMKIiHAIK 6epai. OCMuUiizl amyablH OHTAMIbI apTTapsl
KbIMOAT pEareHT peTiHJIe THONMPUHII TYTHIHYJBIH MHMHHUMAIABl OOJYbIH €CKEepe OTBIPHIN, TaHIAJIbL.
TuonuprHMEH OCMHIIIIH MUKPOrpaMM MOJILIEPiH aHbIKTayFa apHaIIFaH d3ipJICHIeH 9liCTEMEHIH HOTHXeepi
IUIaTHHA T'yOKachIHBIH KypaMbIHa ColfKec MOJENbAi KocHaHbslH MblcanbsiHaa kenrtipiaren. Al (III), B (III),
Bi (II), Fe (1), Au (I1I), Ir (II), Cd (II), Co (II), Ca (II), Si (II), Si (xemepri) acepi IV), Mg (II), Mn (II),
Cu (II), Mo (VI), As (V), Ni (I), Sn (IV), Pd (1I), Rh (II), Pb (Ilnatuna rybkacema opHanackan 1), Ag (1),
Sb (I1IT), Te (IV), Cr (III), Zn (II). AckopOHMH KBINIKBIIGIMEH MAacKHpJIEy apKbUIbI KOMBUIATHIH MBICTHIH
apasacaThblH 9Cepi aHbIKTaJbl.

Kinm ce30ep: ocMuil, THOIHPHH, dKCTPAKIMUIBIK-QOTOMETPHSIIBIK aHBIKTAY, IUIATHHA I'yOKachl, KOMILIEKC
TY3YILi, ASPiNiK IpenapaTTapablH CHHTE31, KOPTH30H.

JI.C. Eropoga, E.A. Jlelitec

JKCTPAKIIHOHHO-POTOMETPpHYECKOE ONpe/ieieHre OCMUSI ¢ IOMOIIbIO YeTBepPHO
CHCTEMBI «BO/Ia — THOMUPHH — TPUXJIOPYKCYCHasi U opTo(dochopHas KHCTOTHD)

CraThs NOCBSIIEHA YKCTPAKIMOHHO-()OTOMETPHUIECKOMY onpesenieHnio ocmus. Llens 3axmodanack B MOIH-
(UKaLUKM M3BECTHOTO KCTPAKLIMOHHO-(OTOMETPHYECKOTO ONPEACNICHUsI OCMHS ITyTeM 3aMEHbl TPaJHIMOH-
HOM 3KCTPaKLMOHHOH CHCTEMbI C XJIOPOGOPMOM B KaueCTBE OPraHMYECKOr0 PACTBOPHUTENS HA PacCiianBaio-
HIyIOCSI CUCTEMY C €JMHCTBEHHBIM KUAKUM KOMIIOHEHTOM — BOJOH. DTO MO3BOIMIO UCKIIOUUTH U3 CHCTE-
MBI TOKCHYHBIH OpPraHUYECKUH PacTBOPHUTENb. BHIOpaHBI ONTHMANbHbBIE YCIOBUS M3BIEUYEHUS OCMUS C yde-
TOM TOTO, YTO PAacXOJ THOINPUHA, KaK JJOPOTOCTOAIIEr0 peareHTa, JonKeH ObITh MUHUMAIILHEIM. [Ipencras-
JICHBI Pe3yJIbTaThl Pa3padOTaHHOW METOUKHU OIPEIENICHUS] MUKPOTPAaMMOBBIX KOJIMYECTB OCMHUS C THOIIUPH-
HOM Ha IIpUMepe MOJIETBHON CMECH, COOTBETCTBYIOIICH COCTaBY IIATHHOBOU ryOku. MccnenoBano Mermaro-
mee smusaue Al (III), B (1), Bi (II), Fe (III), Au (III), Ir (II), Cd (II), Co (II), Ca (II), Si (IV), Mg (II),
Mn (1), Cu (II), Mo (VI), As (V), Ni (II), Sn (IV), Pd (II), Rh (II), Pb (II), Ag (I), Sb (III), Te (IV), Cr (11,
Zn (II), coneprkamuxcs B INTATHHOBOH I'yOKe. Y CTaHOBJICHO MEIIAIOIee BIUSHUE MU, KOTOPOE YCTPAHSIOT
MacKHPOBaHHEM aCKOPOMHOBOM KUCIIOTOM.

Kniouesvie cnosa: ocMuii, THOIUPHH, SKCTPAKIMOHHO-POTOMETPHYECKOE ONpPEAC/ICHHE, UIATHHOBAs TyOKa,
KOMILIEKCOOOPa30BaHKE, CUHTE3 JIEKAPCTBEHHBIX CPEACTB, KOPTH30H.
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