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INTRODUCTION 

Basic dyes make a basis of many sensitive spectrophotometric methods 
of the determination of elements that can be converted to anionic com- 
plexes (3-5). Frequently, the formed ion-associates are extractable with 
organic solvents of low polarity. Sometimes the complexes precipitate at 
the phase boundary or on the walls of the separatory funnel when the 
aqueous solution is shaken with a nonpolar organic solvent. The precip- 
itates are then dissolved in polar solvents and the obtained solutions make 
a basis of sensitive flotation-spectrophotometric methods of the deter- 
mination of metals (5). Recently, two methods of the determination of 
osmium (8, 9) have been proposed. These methods take advantage of 
anionic thiocyanate complexe of osmium. 

When volatile osmium tetroxide, OsO,, is absorbed in hot hydrochloric 
acid, reduction of osmium(VII1) takes place and anionic chloride complex 
of osmium(iV), OsCli-, is formed. This complex forms with rhodamine 
6G (xanthene dye) ion-associate, which precipitates at the phase 
boundary in the form of sparingly soluble precipitate, when the aqueous 
phase is shaken with toluene. This system has been used for elaboration 
of a method of flotation-spectrophotometric determination of os- 
mium (7). 

Examination of the ion-associates, formed by the anion OsC1iP with 
some basic dyes, using various solvents of low polarity, has pointed out 
that the ion-associate with brilliant green (triphenylmethane dye) can be 
extracted with chlorobenzene. In the present work this system has been 
studied in detail and an extraction-spectrophotometric method of the 
determination of osmium has been developed. 
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EXPERIMENTAL 

Reagents and Apparatus 

Osmium(IV) standard solution, 1 mg OS/ml. Dissolve 0.2529 g of po- 
tassium hexachloroosmate (K,OsCl,) in 100 ml of 1 M hydrochloric acid. 
Working solutions are prepared by suitable dilution of the stock solution 
with water. 

Brilliant green (BG), 1 x 1O-3 M solution in a mixture of methanol + 
water (1 + 1). A commercial preparation of brilliant green was purified 
by double crystallization from methanol. 

Chlorobenzene, carbon tetrachloride. 
A Specord UV-VIS spectrophotometer and VSU-2P UV-VIS spec- 

trophotometer, l-cm cells. 
A pH-meter N-517. 

Procedure 

Place the sample solution, containing not more than 25 pg OS in a 50- 
ml separatory funnel. Add 1 ml of the solution of brilliant green and adjust 
the pH and volume of the solution to 2-4 and 10 ml, respectively. Extract 
the osmium associate with brilliant green with three g-ml portions of a 
mixture of C,H,Cl + Ccl, (3 + 1). Transfer the combined extracts to a 
25-ml volumetric flask and fill to the mark with the mixture of solvents. 
Measure the absorbance of the solution at 640 nm against a reagent blank 
prepared in the same way. 

RESULTS AND DISCUSSION 

Preliminary Studies 

Examination of the stability of the chloride complex of osmium, carried 
out at hydrochloric acid concentration ranging from pH 4 to 8 M HCl, 
has pointed out that in the range 0.1-8 M HCl the complex OsCli- is 
stable for a long period. In solutions of lower acidity gradual hydrolysis 
of the complex takes place. At pH 2 the complex is stable for several 
days. The following basic dyes were examined: rhodamine B, rhodamine 
6G (xanthene dyes), brilliant green, malachite green, crystal violet (tri- 
phenylmethane dyes), methylene blue, and Nile blue A (azine dyes). The 
studies were carried out for HCl concentrations ranging from pH 4 to 6 
M HCl. The concentration of the dye in the aqueous phase varied in the 
range 1 x 10-4-5 x lop4 M, which corresponded to IO- to 50-fold molar 
excess of the dye with respect to osmium (20 kg) in the aqueous phase. 
The following solvents of low polarity were examined: benzene, toluene, 
xylene, chloroform, carbon tetrachloride, cyclohexane, chlorobenzene, 
1,2-dichlorobenzene, methyl isobutyl ketone (MIBK), and diisopropyl 
ether. 
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It has been found that chloride-osmium complex forms with basic dyes 
(except rhodamine B) ion-associates, which separate at the phase 
boundary when the solution is shaken with cyclohexane, xylene, or tol- 
uene. The ion-associate of brilliant green is well-extracted to the organic 
phase during shaking with chlorobenzene. When benzene is used extrac- 
tion takes place to some extent. In the case of 1,2-dichlorobenzene or 
chloroform, salt (chloride) of the dye is extracted to a significant degree. 
Oxygen-containing solvents extract brilliant green salt practically quan- 
titatively. 

Conditions of the Formation and Extraction of the Ion-Associate oj 
OsCli- with Brilliant Green 

Brilliant green is a diaminetriphenylmethane dye fairly soluble in water, 
methanol, and acetone. It occurs in aqueous solutions as a univalent 
cation, which upon acidification undergoes protonization connected with 
a change of color. In alkaline solutions it passes into a colorless undis- 
sociated form. These reactions lead to a decrease in the concentration of 
the univalent cation, which takes part in the formation of ion-associates 
with anionic metal complexes. In the experiments a stable methanol- 
water solution (1 + 1) of brilliant green was used. 

When an aqueous solution containing the chloride complex of os- 
mium(IV) and brilliant green is shaken with chlorobenzene, an ion-as- 
sociate is formed which passes to the organic phase. The extraction is 
quantitative at pH 2-8 (Fig. 1). The pH of the aqueous phase is adjusted 
to a suitable value with hydrochloric acid or dilute sodium hydroxide 
solution. The equilibrium is attained within 1 min. Careful shaking is 
advisable in order to avoid formation of stable emulsion of chlorobenzene 
with water (C,H,Cl density 1.11 g/ml at 20°C). The distribution coefficient 
of the complex between the organic and aqueous phases is 12,6 and it 
does not change in the pH range 2-8. In order to quantitatively transfer 
the complex into the organic phase the extraction must be carried out 
three times. Formation of the extractable ion-associate requires a fourfold 

FIG. 1. Dependence of the percentage of extraction of the osmium ion-associate by the 
mixture C,H,CI + Ccl, (3 + I) on the pH of aqueous phase (Tao = 1 x 10e4 M, three 
times extraction). 
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FIG. 2. Dependence of the absorbance of the ion-associate in the organic phase on the 
molar excess of brillant green to osmium in the aqueous phase (pH 4, coS = 1.85 pg/ml). 

or higher molar excess of the dye with respect to osmium in the aqueous 
phase (Fig. 2). A brilliant green concentration of 1 x 1O-4 M was con- 
sidered the optimum. It corresponds to a lo-fold molar excess of the dye 
with respect to osmium. Chlorobenzene extracts brilliant green (presum- 
ably in the form of chloride) as well (absorbance of the reagent blank is 
approx. 0.4). Extraction of the dye decreases significantly when a mixture 
of chlorobenzene and carbon tetrachloride is used (the dielectric constant 
of the organic phase decreases). Addition of carbon tetrachloride also 
favors fast separation of phases after shaking. In further experiments the 
volume ratio of the organic phase was C,H,CI:CCI, = 3:l (Fig. 3). 

The blank value depends on the pH and concentration of brilliant green 
in the aqueous solution. At a brilliant green concentration equal to 1 x 
10m4 M the absorbance of the reagent blank amounts to 0.06, 0.03, and 
0.02 at pH 2, 3, and 4, respectively. At constant acidity of the aqueous 
phase the blank value increases with increasing concentration of brilliant 
green. At pH 4 the blank value amounts to 0.01, 0.02, 0.04, and 0.07 for 
brilliant green concentration of 4 x 10-5, 1 x 10P4, 1.5 x 10e4, and 2 
x 10m4 M, respectively. 

It has been found that light has a significant effect on the reproducibility 
of the results. When the extraction is carried in, or the solutions after 
extraction are exposed to strong sunlight or fluorescent lamp the results 
are too high and irreproducible. The reproducibility of the results and the 

FIG. 3. Dependence of the absorbance of the ion-associate in the organic phase (curve 1) 
and the blank (curve 2) on the volume ratio of the mixture C,H,CI and Ccl, (cao = 1 x 
1O-4 M, pH 3). 
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FIG. 4. Absorption spectra of the brilliant green in the solution CH,OH + Hz0 (1 + 1) 
(curve 1) and of associate OsCIz- with brilliant green in the mixture C,H,CI + Ccl, (3 + 
1) (curve 2). 

time stability of the solutions are satisfactory when the extraction is car- 
ried out on a spot not directly exposed to strong light (illumination ap- 
prox. 50 lx). 

An absorption spectrum of brilliant green in CH,OH + HZ0 (1 + 1) 
solution (curve 1) and a spectrum of the ion-associate of osmium with 
brilliant green in a mixture of C,H,Cl + Ccl, (3 + 1) (curve 2) are shown 
in Fig. 4. Maximum absorbance of the ion-associate is at 640 nm. The 
absorption spectrum of the ion association exhibits a bathochromic shift 
as compared to the spectrum of the dye solution. 

Spectrophotometric Determination of Osmium 

The solution of the ion associate of osmium with brilliant green in the 
mixture of C,H,Cl + Ccl, (3 + 1) obeys Beer’s law up to a concentration 
of 0.9 p,g OS/ml. At higher osmium concentration the standard curve 
shows small negative deviation from the straight line. Molar absorptivity 
(E) is 1.95 x lo5 liters moll’cm-’ at 640 nm (specific absorptivity c1 = 
(e/atomic mass) X 1000 = 1.03. 

Precision and accuracy of the proposed method were evaluated by 
analyzing solutions containing known variable amounts of osmium (Table 
1). The relative standard deviation does not exceed 3%. 

The effect of platinum metals on the determination of osmium by the 
proposed method was examined. Platinum and ruthenium strongly inter- 
fere. In the presence at IO-fold lower concentrations of platinum or ru- 
thenium with respect to osmium concentration the results of osmium 
determination are too high by 3-4%. Palladium does not interfere at five- 
fold lower concentrations. At twofold lower concentration of palladium 
the results of osmium determination are too high by approx. 2%. Iridium 
does not interfere at a ratio of 0s:Ir = 1: 1, while at fivefold higher con- 
centration the results are too high by approx. 30%. Among platinum 
metals rhodium hardly interferes at all. Even at a fivefold excess its effect 
is insignificant. At a ratio of 0s:Rh = 1: 10 the results are higher by 30%. 
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TABLE 1 
PRECISION OF THE RESULTS OF DETERMINING OSMIUM IN THE SYSTEM 

OS(W)-CHLORIDE-BRILLIANT GREEN 

Osmium (kg) Relative standard 
Standard deviation deviation (s,) 

Added Found* 0) (So) Confidence limit@ 

7.10 7.00 0.19 2.7 7.00 2 0.16 
11.72 11.66 0.19 1.6 11.66 2 0.16 
18.50 18.46 0.12 0.7 18.46 e 0.09 

’ Withn = 8. 
b Probability level 0.95. 

It follows then that the method is not selective. The determination of 
trace amounts of osmium in a mixture with other platinum metals requires 
preliminary separation of osmium, preferably as volatile tetroxide (I, 6). 

The Composition of the Extracted Ion-Associate 

The molar ratio of osmium to brilliant green in the ion-associate was 
determined by the method of isomolar series (Job’s method). The total 
concentration of both reagents was 6 x 10m5 M. The maximum absor- 
bance was obtained at a molar ratio of osmium to brilliant green of 1:3 
(Fig. 5). This result was confirmed by the logarithmic method of equilib- 
rium shift (2) (Fig. 6). The tangent of the slope of the straight line is 3, 
which indicates that three cations of brilliant green are involved in the 
formation of the extractable species. 

These data indicate that in the examined system the extractable ion- 
associate is not of the type 1: 1, as it generally takes place in the known 
extraction-spectrophotometric methods (3). According to the formula of 
the OsClg- complex an ion-associate of the ratio of 0s:BG = 1:2 could 
be expected. However, the found ratio 0s:BG = 1:3 would rather indi- 
cate that the extracted species is not a simple ion-associate but an adduct 
of presumable composition [(BG+),OsC@]*[(BG+)Cll]. 

FIG. 5. Determination of the ratio of osmium to brilliant green in the ion-associate by the 
isomolar series method. 
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FIG. 6. Determination of the composition of the complex by the method of equilibrium 
shift. 

SUMMARY 

A sensitive extraction-spectrophotometric method of the determination of osmium, 
taking advantage of the ion-associate of the chloride osmium anion with brilliant green has 
been developed. The complex is extracted from aqueous phase with a mixture of C,H,CI 
+ CCI, (3 + 1). Molar absorptivity (e) at 640 nm is 1.95 X IO5 liters mol-‘cm-’ (specific 
absorptivity = 1.03). The relative standard deviation is l-3%. The mole ratio of 0s:BG in 
the complex is 1:3. Platinum metals interfere with the determination of osmium. The de- 
termination can be highly selective after preliminary separation of osmium by distillation 
as 0~0,. 
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