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ASIMPLETITRIMETRIC METHOD FOR THE DETERMINATION
OF OSMIUM(1V) IN CHLORIDE STANDARD SOLUTIONS
AND INTERMETALLIC ALLOYS

T. VRUBLEVSKA, M. RYDCHUK, O. BONISHKO, G. MYKHALYNA

Ivan Franko Lviv National University, Lviv, Ukraine

A new method for the standardization of osmium(1V) from chloride agueous solutions by
means of iodometric titration with visual (using starch as indicator) and potentiometric
indicating of titration end point has been elaborated. This simple and rapid method is
based on Os(IV) interaction with the excess of iodide-ions in sulphuric acid media and on
the titration of liberated iodine with the standardized solution of sodium thiosulfate. The
method was approved during the determination of milligram quantities of osmium(IV) in
standard solution and intermetallic alloys. Relative standard deviations (RSDs) did not
exceed 1.5 %.

Keywords: osmium(lV) hexachloride, standardization, titrimetry, potentiometry,
intermetallic alloy.

Chloride complexes of platinum group elements (PGESs) are of considerable
significance in the analytical and preparative chemistry of these elements. Particu-
larly, complex chlorides of osmium(IV) are especially important for the analytical
chemistry of osmium, since that very compounds are used for the preparation of
standard solutions, initial for osmium determination by means of instrumental
methods and for the study of osmium complexation [1, 2]. It is a known fact that in
agueous solutions osmium may exist in various anionic forms and may readily
change its oxidation state depending on the acidity of the media, the nature and
concentration of the metal. According to the literary data [1, 2] and to our analyti-
cal practice, when Os(1V) solutions in 1...2 mol L™ HCI are kept for along time, a
number of additional processes may take place, particularly the processes of hydro-
lysis, aguatation or disproportionation, inherent for osmium compounds. Therefore,
in Os(1V) chloride aqueous solutions particles like Os(H,0)Cls,, Os(H,0),Cl.°
coexist next to predominant form of osmium OsCl¢*. Moreover, if osmium(IV)
solutions from time to time are under the influence of scattered sun light, one can
observe the formation of black coloured precipitate of hydrated osmium(1V) oxide
0s0,2H,0 [3, 4]. These factors may result in the change of concentration after
some period of storage in osmium(lV) hexachloride standard solutions, even
purchased from reputable chemical manufacturers. At the sametime, it is necessary
to have osmium(lV) stock solutions with accurate concentration for the effective
routine determination of osmium by means of any instrumental technique as well
as for correct carrying out of scientific investigations of asmium compounds. That
is why the standardization, i.e. accurately checking or confirming the concentration
of osmium(lV) standard chloride solutions, is an essential part of osmium researches
and it is necessary to possess a reliable technique for the standardization of such so-
lutions. Sometimes the standard solutions of osmium(lV) hexachloride may not be

Corresponding author: T. VRUBLEVSKA, e-mail: tvrublevska@yahoo.com

108


mailto:tvrublevska@yahoo.com

purchased, taking into consideration high prices of specimens, but prepared from
other osmium compounds, eg. from OsO, In that case the procedure of
standardization is especially required, since the transformation of OsO, into
OsClg" can be attended by osmium losses caused by the volatility of tetraoxide.

Titrimetry is the main techniques for the standardization of PGEs solutions,
including Os [1, 5, 6]. The number of titrimetric methods for osmium determination
is not large and all of them are based on redox reactions, since these reactions run
with sufficient rate, if the conditions and reagents are correctly selected. Titrimetric
methods of osmium determination are not selective and are useful for the analyses
of standard solutions and the solutions, obtained after osmium separation from
other PGEs, as well as for relatively simple samples of few components. The end
point of titration can be rather accuratdy determined potentiometrically, but there
arevery few methods with the visual indication of the end point.

Most titrimetric methods are proposed for the determination of Os(VIII), and
there are only few methods for Os(1V) [1, 7, 8]. Usually these methods are sug-
gested for the determination of osmium, obtained after OsO, passing through the
reductor with metallic bismuth [1]. The reduced form of osmium (Os(1V) according
to[9]) is oxidized to osmium(VI) with atitrant, eg. NH,VOs, an excess of whichis
titrated by the standardized solution of FeSO, [1, 8, 9]. However, vanadatometric
titration can not be utilized for the standardization of Os(1V) chloride solutions
because of few reasons. First of all, it has been established that after passing of
0s0, sulphuric acidic solutions through the bismuth reductor, osmium is reduced
to Os(I11), but not to Os(1V) [10]. Os(I11) is stablein air, it is oxidized to osmium(V1)
in the media of 4..8 mol L™ sulphuric acid with NH4VO; (visual indication of the
end point) or to OsO, with the stronger oxidants, eg. KMnQO,4, Ce(SO,), (a poten-
tiometric determination of the end point) [1]. In addition, this technique was eabo-
rated for osmium evaluation from sulphuric acid solutions, but not for hydrochloric
acid (apparently, the nature of initial compound of Os is of consequence for the
titration) and it is difficult to transform osmium(lV) chloride complexes into
sulphate complexes, because they are very inactive. The matter is that OsClg™ is
the most kinetically inert complex among all hexachloride complexes of PGEs [1].
To convert initial osmium(lV) hexachloride into sulphate it must be heated in the
concentrated sulphuric acid at 170°C during 4...6 h [7, 11].

For the titrimetric determination of Os(IV) from acidic solutions CrSO, is
proposed as the reducing agent [1, 8, 12]. But this method is very complicated,
because a special apparatus is necessary to store and work with CrSO, solutions in
air free media. The permanganatometric method is suggested for the determination
of Os(1V) in akaline media [1, 13]. Os(IV), which in the hydrochloric acid media
exists in the H,OsClg form, by means of alkali is transferred into the suspension
0s0,, then it is dissolved in the presence of HgTeO, and potentiometrically titrated
with the solution of KMnQO,. Principal drawback of the method is the utilization of
rare and highly toxic telluric acid [14]. The drawback of a recently daborated
titrimetric technique for the standardization of osmium(IV) solutions [15, 16] isthe
need of areagent that is not commercially available.

Since we have carried out the investigations of osmium(lIV) interaction with
different azo and triphenylmethane dyes to eaborate new spectrophotometric methods
for osmium determination [17-22], we faced the problem that none of known methods
was suitable for standardization of Os(1V) stock solutions. Therefore, it has necessitated
the development of a simple, available and effective titrimetric method for the stand-
ardization of asmium(IV) chloride solutions, and it was a purpose of our study.
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For the determination of Os(1V) from chloride aqueous solutions we have adapted
the iodometric method of the standardization of Ru(IV) chloride solutions [1, 23, 24].
The main point of this method for ruthenium determination consists of the reduction of
Ru(1V) hydroxopentachlorides with K1 in the media of 2 mol L™ HCl with following
titration of isolated 1, by means of Na,S,0; (a visual indication of titration end point
with starch), sincethe amount of 1, is equal to Ru(lV) content in the sample:

2RUY + 2T 2RUP +1,, 1, + 25,05 — 217 + S,06%.

The fact that standard redox potentials of ruthenium(lV) and osmium(IV)
chloride complexes in HCI solutions are of similar values was the principal basis
for the elaboration of the analogous method for OS(IV): E’ruvyruiin=
= EO(RUOHC|52_/RUH20C|5Z_) =096V and E005(|V)/05(|||) = EO(OSC|52_/OSC|53_) =
=0.85V [1, 7, 25] (as the matter of fact, we do not compare redox potential
E%(OsClg*/0sClg®) with E®(RuCls*/RuClg>) = 1.3V, since Ru(lV) does not exist
in the form of hexachloride, but in the form of RuH,OCIs>", when the concentration
of HCI is less than 6 mol L™ [7]). It should be noted, that there are examples for
PGEs, when their redox potentials are not in accordance with the character of PGE
complex interaction with oxidizing or reducing agent. That is why in the analytical
chemistry of PGEs it is always necessary to take into account not only the values of
redox potentials, but also the experimental observations, when one must choose
appropriate oxidant or reductant [1].

Reagents and devices. All aqueous solutions, utilized in the research, have
been prepared,using a distilled water. All chemicals were of analytical grade.
y The stock solution of Os(1V)

(H2OsClg) was prepared by dissolving
the exact mass of OsO, from the
hermetically sedled glass ampoule
(produced by the Corp. Aurat, Russia)
in the concentrated HCI following the
modified method [26]. The aobtained
osmium solution has been kept during
one month, because according to [27],
0s0, is rapidly reduced in the concent-
rated HCl under heating and slowly
reduced in hydrochloric acid medium at
room temperature. We wanted to avoid
the additional reduction of OsO, with an
alcohol as well as to exclude the heating
Fig. 1. Absorption spectrum of 0391'62_ procedure, thus preventing the possible
solution; COS('YI = 3.8—1@ mol L K losses of 0sO,.
Chc =1.0mol L™ (Aisoptical density). The gtandard working  Os(IV)
solutions were prepared by dissolving an
aliquot of osmium(IV) stock solution in ca. 0.5...1 mol L™ HCI agueous solution up to
pH<1. According to [7], OsCls> does not undergo the hydrolysis in these conditions
(Che>0.5mol L™, room temperature), and according to [28], nearly 93% of Os(IV)
exists in theform of OsCl¢® in 0.1...3 mol L™ hydrochloric acid solutions.

The identification of Os(1V) solutions has been carried out spectrophotometri-
cally comparing e ectronic absorption spectra of obtained solutions with literature
data [2, 29]. As follows from the experimentally obtained spectrum (Fig. 1), in
standard stock solutions Os(1V) exists in the form of OsClg".
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Absorption spectra were recorded on UV-VIS scanning spectrophotometer
SPECORD M 40 Carl Zeiss Jena (Germany) using 1 cm cuvettes. The poten-
tiometric titration was carried out with a potentiometer pH-150 M using platinum
indicator electrode BITJI-02 and Ag/AQCI reference electrode DBJI-1M4 (Gomel
Plant of Measuring Devices, Belarus). During potentiometric titration the solutions
were stirred with a magnetic stirrer.

Results and discussion. As it is generally known, the iodometric method of
analysis is based on the redox properties of 15 /3" system (E°=0.545 V) [30, 31].
So the redox processes in iodometric determinations may be represented with the
following half-reaction:

13_ + 2é > 31_

In case of iodometric titration of oxidants the reaction is carried out in acidic media,
a room temperature; Kl is added in excess not only for a quantitative reaction yidd, but
also for the solubilization of liberated iodinein water and for decrease of iodine volatility
dueto theformation of complex ion I3"; areaction mixtureis kept in a dark placein order
to prevent a side reaction of iodine oxidation by air oxygen (41" + O, + 4H" — 21, +
+ 2H,0); for complete iodine liberation the interaction of 1, with oxidant must be carried
out for 10...15 min, asfar asthereactions of oxidizing agentsand K| are not very fag.

The end point in iodometric titration is usually determined using starch
solution as a visual indicator, or potentiometrically. Since starch forms with iodine
a dark blue coloured complex, so the end point is clearly defined. In case of iodine
titration with a solution of Na,S,05 starch should be added after a moment, when
main amount of |, is already titrated, since the adding of starch before titration
leads to overestimated results.

The method elaborated for Os(1V) determination from standard chloride solu-
tions is based of reduction Os(1V) to Os(I11) with K1 in sulphuric acid media. The
interaction is quantitative and sufficiently fast. As it is observed, solution of
osmium(lV) is pale yellow coloured due to OsCl¢”* [1, 32] and after adding of po-
tassium iodide the initial solution rapidly becomes greenish, what probably corresponds
to the formation of mixed chloride and iodide complexes [OsClyle.]? (in [1, 33, 34]
it is reported about the existence of such complexes in aqueous solutions) as well
as to the simultaneous presence of yellow coloured complexes OsClg* and OsCle>
[1, 32] with a blue complex Osl¢* [35]. After 15 min of interaction the examined
solution becomes yellowish brown as a result of 1, accumulation.

The amount of I, liberated after the reaction with osmium, corresponds to
Os(1V) quantity in the aliquot. Therefore, in order to establish a concentration of
osmium in asample, |, istitrated with a standardized Na,S,0; solution using visual
or potentiometric indication of the end point. The investigated solution again
becomes yellowish as wetitrate it with Na,S,0s.

Main reactions running during the titration are described by the following equations:

208" + 217 — 208 + 1, I+ 25,057 — 217 + S,06”.

It is possible to determine distinctly a titration end point both visually and
potentiometricaly, moreover, during the potentiometric titration the potential value
is stabilized rapidly enough, viz. approximately in 1 minute after a next portion of
the titrant was added a sharp potential change is observed in the vicinity of the end
point even as we analyze osmium(1V) solutions with C(Os)<1 mg mL™.

Theresults of iodometric determination of osmium(IV) from standard chloride
solutions with a visual indication of the titration end point by means of starch and
by potentiometric indication of the end point are presented in Table 1.
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Table 1. Theresults of iodometric deter mination of osmium(IV) from sandard chloride
solutionswith visual and potentiometric indication of titration end point; n=5; P =0.95

Visual indication of end point Potentiometric indication of end point
Taken, . .
mgOs | Found, X + S 1 mg Os RSD. | Found, x + S & mg Os RSD,
Jn % Jn %
2.87 291+0.02 0.6 2.87+0.01 0.3
1.42 1.45+0.02 1.0 1.43+0.01 0.6
0.73 0.75+0.01 1.0 0.72+0.01 0.9
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Fig. 2. Typical experimental potentiometric titration curves for iodine, liberated as a result of the
reaction with OsCl¢with 0.005 N N&,S,0; solution; a— normal titration curve;
b —first derivative titration curve; ¢ — second derivative titration curve; d — Gran plot.

Fig. 2 shows typical experimental potentiometric titration curves for iodine,
liberated after the reaction with osmium, with 0.005 N Na,S,05 solution.

It should be mentioned that the results of Os(1V) quantification using visual
indicating of titration end point appear to be somewhat overestimated relative to
the results of potentiometric titration. It may be explained with insignificant over-
titration of solutions, which is inherent to the techniques by a visual determination
of titration end point.

As we analyzed solutions containing considerably less than 1 mg mL™ of Os,
the distinct inflexion points for the potentiometric titration curves were not
observed, as well as clear colour change of solution from pale blue to pale yellow
during a visual indicating of the end point by means of starch, thus the results
obtained were insufficiently reproducible and accurate. Hence, the developed
method is recommended for the standardization of Os(IV) hexachloride solutions
containing milligram amounts of osmium.

We peformed iodometric determination of the concentration of Os(1V)
standard chloride solutions twice a year for 5 years. The results are reproducible
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and agree well with each other (Table 2). Therefore, we confirmed experimentally
that under proper conditions of OsClg”" solutions storage the concentration of initial
standard solution 0.379 mol L™ changed only in the thousandth parts of
concentration units, viz. no more than by ca. 1%.

Table 2. Theresults of the concentration estimation for initial ssandard chloride
solutions of osmium(1V) in 2005-2009

agﬁﬁ;‘;on 2005 2006 2007 2008 2009
Crgj I_Af’ 0.379+0.002 | 0.377+0.001 | 0.376+0.001 | 0.374+0.002 | 0.373+0.001
RSD, % 0.4 0.2 03 05 0.2

A good repeatability and reproducibility of the results of reiterated titrations suggest
the accuracy of the introduced technique for the standardization of Os(1V) solution.

Also we have applied the developed titrimetric method for the estimation of
osmium content in the samples of tri-component intermetallic alloys NdxOs;5Sies
and Nd;00s3Sigo. The procedure of dissolution of intermetallide samples was as
follows: 0.2...0.5g of the intermetallic alloy was dissolved in 10...20mL of a
mixture of concentrated HCI and HNO; (10:1) and heated in a beaker on the sand
bath for 1..2h. Under these conditions a gray-coloured residue (elemental
silicium) was formed on the bottom of the beaker. After quantitative transfer of the
solution into a 100.0 mL volumetric flask the residue was washed with 1 mol L™
NaOH solution for a few times. The washing liquid was placed into the same flask
and distilled water was added to complete the volume to 100.0 mL. Since
neodymium and silicium, present in the intermetallide samples, did not interferein
osmium(lV) interaction with KI, the alloy was analyzed directly after the
dissolution. For the analytical procedure the 0.5...2.0 mL of analytes aliquots were
taken. The results are presented in Table 3. The obtained findings correlate well
with the nominal osmium content, i.e. calculated in the accordance with atomic per
centsin the alloys. The accuracy and reproducibility of the results of Osiodometric
determination in these samples are better than of the ones obtained by means of
spectrophotometric methods with organic reagents [19, 20].

Table 3. Theresults of iodometric determination of osmium in intermetallic alloys;

n=5 P=095
Visual indication Potentiometric indication
vomina of end point of end point
i Os v — Sx — Sx
Intermetdlide % Wiw Wgs + a | RSD, Wgs + a RSD,
NG Jn %
% wiw % wiw
Ndy0s15Sigs 37.7 38.2+0.7 14 38.0+£05 1.0
Nd;0s3Sign 64.6 65.3+ 1.0 1.2 65.1+0.8 0.9

The devel oped method for the determination of Os(IV) from chloride agueous
solutions provides such advantages in comparison with other actual methods: the
method is smple and rapid; it is suitable for the direct analysis of chloride
osmium(lV) solutions; there is no necessity to use special equipments, as well as
rare and toxic chemicals or organic solvents; experimentally obtained results are
correct and reproducible. That is why this titrimetric method of Os(IV) solutions
standardization can be useful for chemists, who deal both with the researches of
osmium compounds and with asmium quantification.
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Procedure of the osmium(l1V) determination. An aliquot of osmium(lV)
chloride standard solution (or a solution of intermetallic alloy) containing ca. 1 mg
of osmium was placed into Erlenmeyer flask. Then 10 mL of 2 mol L™ sulphuric
acid and 5 mL 10% w/w KI solution, which did not contain free iodine, were
added. The flask was covered with a watch glass and put into a dark place for
15 min. After that a watch glass was washed with distilled water over the flask.
Isolated I, was then titrated with 0.005 N sodium thiosulphate, standardized after
K.Cr,0O;. Titration was carried out at room temperature.

Titration end point was evaluated with a visual indicator (liberated iodine was
titrated with Na,S,0; solution to pale yellow colour of the solution, then 1 mL of
freshly prepared 0.5% w/w solution of starch was added and the titration was
continued, until the colour change from blue to straw was observed after the
addition of 1 drop of sodium thiosulphate solution), as well as potentiometrically
(using Pt indicator eectrode and Ag/AQCI reference electrode and the end point
was located from the obtained potentiometric titration curves).

In order to obtain reproducible results titration procedures were repeated
several times.

CONCLUSIONS

The iodometric method for the determination of milligram quantities of
Os(1V) from chloride aqueous solutions has been elaborated. The method was
successively approved to estimate the exact concentration of Os(IV) in standard
solutions and to establish osmium content in the intermetallic alloys.

PE3FOME. Po3p0o0i€HO HOBY METOIUKY CTaHIapTU3aLil XJIOPUIHUX BOJHUX PO3YMHIB OC-
miro (V) fiogoMeTpHYHIM TUTPYBAHHSM 3 Bi3yaJIbHOIO (32 JOMOMOrOR0 KPOXMAITIO) Ta IOTEHIiO-
METPUYHOIO (hiKcalliero KiHLEBOI TOUKM TUTpyBaHHA. Llg mpocra i1 ekcnpecHa meTonuka 0a3sy-
erbcst Ha B3aemomii OS(1V) 3 HamMIIKOM HOMMI-iOHIB y CY/Ib(ATHOKUCIOMY CEPEIOBHII Ta
TUTPYBAaHHI BUIICHOTO HOLy CTaHIAPTU30BAaHUM PO3UMHOM TiocyibdaTy Harpito. Meroauky
anpoOOBaHO il Yac BHU3HAYEHHs MiTirpaMoBHX Kinbkocteil ocmiro(lV) y cranmapTHuX po3du-
Hax Ta iHTepMeTaliyHuX craBax. [loxubka He nepeBuiyBana 1,5%.

PE3FOME. Pa3zpaboTaHa HOBasi METO/IMKA CTAaHIAPTH3aMK XJIOPHIHAX BOIHBIX PACTBOPOB OC-
musi(1V) HOIOMETPHUECKUM TUTPOBAHUEM C BH3YAIIbHOM (C MOMOIIBIO Kpaxmaia) M MOTEHIHOMET-
pudecKoil (pUKcariell KOHEUHOM TOYKM THTPOBaHMs. JTa MpOCTasi ¥ SKCIPECCHAsT METOUKA OCHO-
BaHa Ha B3aumozeicTBun OS(IV) ¢ u30BITKOM HOIMI-MOHOB B CEPHOKUCIION CPele W TUTPOBAHHH
BBIIEJICHHOTO MOJa CTaHIapTH3MPOBAHHBIM PaCTBOPOM THOCYIb(ara Hatpus. MeToauky anpoou-
POBaHO TIPH ONpPECICHHN MHJLTMIPaMMOBHX KosndecTB ocMusi(lV) B CTaHAapTHBIX pacTBopax U
MHTEpMETAIUTHYECKHX CIuTaBax. [lorperHocts He npebimiana 1,5%.
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