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II. EXPERIMENTAL

l. Simultanegus Determination of Osmium and Ruthenium,

A. Reagents.

Osmium tetroxide obtained from A. D. Mackay, Inc. was dissolved
in 100 ml, of 0.2 M NaOH in a 250 wml. Erlenmeyer flask. The solution was
filtered into a one liter volumetric flask and diluted to the mark with
water. The solution was standardized by means of the 1,2,3-benzotriazole
procedure of Wilson and Byeee. The final osmium concentration was T80 ppm.

Ruthenium trichloride trihydrate from A. D. Mackay, Inc. was dis-
solved and diluted to one liter with 6 M HCl. The solution was standard-
ized by taking aliquots to dryness in Rose crucibles and igniting under
hydrogen to reduce the ruthenium to the elemental state. The final ruth-
enium concentration was 820 ppm.

Bromides of osmium and ruthenium were formed by taking aliquots of
the stock solutions, adding equal amounts of concentrated HBr and taking
to dryness. This procedure was repeated with additional concentrated HBr.
The residue was then dissolved in 6 M HBr and brought back to its original
volume. When necessary, further dilutions were made by taking aliquots of
the concentrated bromide solution and diluting with 6 M HBr.

A 10% by weight solution of thiourea was prepared at least every
two weeks by dissolving 10 grams of thiourea in 90 ml. of distilled water.

Concentrated (48%) HBr was obtained from J. T. Baker Chemical Co.

Thiourea was obtained from J. T. Baker Chemical Co.

B. Apparatus.
A Beckman Model DB Spectrophotometer and matching 1 cm. silica cells

were used for absorbance measurements.



Spectra were recorded with an E. H. Sargent and Co. Model SRL

Recorder.

~

C. Procedure,.

The following procedure is recommended for the simultaneous deter-
mination of osmium and ruthenium. To an aliquot of a mixture of osmium
and ruthenium bromides containing between 5 and 30 ppm of the elements,
add 10 ml. of concentrated (48%) HBr, then add two ml. of 10% (w/w) thiourea
and dilute to 25 ml. with 6 M HBr. After a 15 minute development time,
measure the absorbance at 620 mx and 446 m¢ in a 1 cm. cell against a blank
of 6 M HBr. The concentration of osmium and ruthenium may be obtained by

solving two simultaneous equations. (See Table I.)



TABLE 1

Molar Absorptivities of Complexes of Ru-thiourea and

Hexabromosmate
LL6 mu 620 mxu
0s (bromo complex) .81 x 10° 328
Ru (Thiourea complex) 763 2.47 x 108

Simultaneous Equations for Determination of Os and Ru
Absorbance,,, = 328 x (0s) + 2.47 x 10® x (Ru)

Absorbance),) o = 6.81 x 10® x (0s8) + 763 x (Ru)



2. Separation of Osmium and Ruthenium by Solvent Extraction.

A. Reagents,

The preparation of solutions of osmium and ruthenium has been
described earlier,

L -methyl-2-pentanone was obtained from Matheson Coleman and Bell.

Osmium-191 was obtained from The Oak Ridge National Laboratory
as a solution of sodium osmate. The gamma ray spectrum of osmium-1Gl is
shown in Figure I. The isotope has a half-life of fifteen days and emits
a gamma ray having an energy of 0.128 Mev.

Ruthenium-103 was prepared by neutron irradiation of ruthenium
tribromide in the reactor at Georgia Institute of Technology. The gamma
ray spectrum of ruthenium-103% is shown in Figure II. The isotope has a
half-life of forty days and emits a gamma ray having an energy of 0.489
Mev. The ruthenium sample was not pure; it contained an unknown amount

of iridium-192 plus some unidentified impurities.

B. Apparatus.

Tagged samples were counted with a Technical Measurement Corpora-
tion Pulse Height Analyzer, 400 channels, Model 401, in conjunction with
a Technical Measurement Corporation Resolver Integrator, Model 522,
Detection was by means of a 2 inch well type NaI scintillation detector.

In the initial extraction studies 60 ml. separatory funnels were
used,

Four ounce narrow mouth screw cap polyethylene bottles were used
in the extraction studies with tagged samples.

A Burrell mechanical shaker, Model BB, was used in the isotope

gtudies.
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Samples taken for counting were placed in 17 mm. 1{.d. x 55 mm.

snap top polyethylene vials.

C. Procedure.

The following procedure was finally adopted for the extraction
separation. The osmium and ruthenium bromides, formed by taking a sample
solution almost to dryness with concentrated HBr, are taken up in 10 ml.
of 6 M HBr previously saturated with 4-methyl-2-pentanone. The sample
size should be such that in the final volume there is not more than 300
ppm of each metal.. The HBr solution is placed in a 4 oz. narrow mouth
screw cap polyethylene bottle. A sufficient quantity of radioactive iso-
topes are added to give an initial activity of about 2000 counts per minute
for both osmium and ruthenium. A two ml., sample is taken for determining
the initial activity. Sixteen ml., of L-methyl-2-pentanone previously
saturated with 6 M HBr is added, and the mixture is shaken for two minutes
on the Burrell shaker. The phases are allowed to separate, and two ml.

samples of each phase are taken for counting. The gamma ray spectrometer

is calibrated with a cesium-137 source.



III. RESULTS AND DISCUSSION

1. Simultaneous Determination of Osmium and Ruthenium.

The absorption spectrum from 700 mu to LOO mu of the complex form-
ed when ruthenium bromides are reacted with thiourea is shown in Figure
IITI. It shows a single broad band centered at 620 mx with a molar ab-
sorptivity of about 2500.

As mentioned previously, the slowness of the reaction of the hexa-
halo complexes of osmium with thiourea has been noted by several authoralh’ah.
No one had apparently looked at the absorption spectra of the halo com-
plexes alone to see if they would be analytically useful. The absorption
spectrum of the bromosmate complex shown in Figure IV reveals a strong
absorption at 446 mu and a less intense band at 492 mx. Absorption at 620
mx is very slight., This suggested that a simultaneous determination of
osmium and ruthenium might be possible if conditions could be found where-
by the ruthenium-thiourea complex would be formed without causing the
osmium-thiourea complex to form.,

Figure V shows the results of a time versus acidity study of bromo-
smate in the presence of thiourea. At final acid concentrations below
6.7 M in HBr a definite reaction between bromosmate and thiourea occurs.

This is shown by a steady decrease in the bromosmate absorption at LL6 mu.
At 6.7 M the bromosmate is stable at least four hours,

Figure VI shows the results of a time study of the development of
the ruthenium-thiourea complex at the acid concentration required to pre-
vent the bromosmate-thiourea reaction. A 15 minute development time is re-

quired, and the color is stable at least four hours.

12
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The data in Figures V and VI show then that a simultaneous deter-
mination of osmium and ruthenium is possible at an acid concentration of
6.7 M HBr. Under these conditions, the ruthenium bromides react readily
with thiourea while the bromosmate does not react with thiourea.

Molar absorptivity values for the osmium and ruthenium complexes
are given in Table I. Data for replicate determinations of mixtures of
osmium and ruthenium are shown in Table II. These data show an absolute
error of T1 ppm for osmium and ruthenium over the useable range. Percent
relative error is about 3% at the upper range and about 16% at the lower
range. Calculation of the 95% confidence level shows it to be *1 of the
mean for a set of five duplicate determinations.

Palladium and rhodium will interfere with the determination be-
cause, under the experimental conditions of the determination, palladium
and platinum bromides absorb strongly at the analytical peak of osmium,
Iridium and platinum bromides do not interfere with the determination of
ruthenium but cause an absolute error of T2 ppm in the osmium results.
This result would cause the relative error for the determination of osmium
to range from 6 to 33% and would be unacceptable. In light of these inter-
ferences, this method is only recommended for the determination of osmium

and ruthenium after separation from the other platinum metals.
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2. Separation of Osmium and Ruthenium by Solvent Extractionm.

The naturz of the bromo complexes of osmium and ruthenium is not
definitely known., Presumably osmium is present in solution as the hexa-
bromosmate{IV) complex. As the hydrogen ion concentration is increased,
the neutral species, H0sBrg, is more prevalent and may be extracted.
Ruthenium is known to form a variety of complex halides such as RuOHxsa—,
RuH 0X52~, and RuXg2®~.” The stock solution used in this study was supposed
to contain ruthenium(;II) but it is quite possible that during the con-
version to the bromides some ruthenium(IV) was formed. 1In any event, the
ruthenium is assumed to be present as a charged complex because it could
not be extracted with some common solvents. As was mentioned earlier,
the bromo complexes of these metals were used in order to correlate this
work with the previous work by Berg and Sanders?.

At first, it was thought that the course of the possible extrac-
tion could be followed spectrophotometrically by following the absorption
of complexes formed with thiourea. An immediate problem arose; it was
difficult to tell if the rose osmium-thiourea complex had formed in the
presence of the reddish brown hexabromosmate solution. This problem was
never resoivza, however, since it was discovered that the rate of forma-
tion of the rose thiourea complex was so slow that it could be ignored.
Consequently the osmium remained as the bromo complex whereas the blue
ruthenium-thiourea complex formed rapidly under the same conditions. On
this basis then, several solvents were surveyed as extractants for osmium
and ruthenium. The results are shown in Table III. The best solvent
seemed to be 4-methyl-2-pentanone. The ruthenium-thiourea complex did not
appear to be extracted while the bromosmate appeared to be extracted al-

most completely. It was not possible to be sure that the latter extraction



TABLE IIX

Extraction of Ru-thiourea and Bromosmate

solvent

n-pentyl acetate
benzene

chloroform
L-methyl-2 pentanone

tributyl phosphate

into Various Solvents

Ru-thiourea

no extra.tion

" 1
" "

11 11"

slight "

bromosmate

no extraction

" n

complete extraction

20
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was complete because a suitable procedure for the determination of osmium
in the presence of L-methyl-2-pentanone could not be developed despite
extensive investigation.

At one point it appeared that the bromosmate was actually only
partially extracted in a single equilibration. This caused a rather
lengthy investigation to be undertaken on the possibility of separating
the metals by a continuous extraction technique. The only positive re-
sults to come out of this study was the discovery that thiourea was not
needed to complex ruthenium since the ruthenium bromides themselves did
not appear to be extracted into 4-methyl-2-pentanone. It was then de-
cided that the separation could best be followed by measuring the activity
of tracer quantities of radioactive isotopes of osmium and ruthenium.

The effect of acidity upon the extraction of osmium and ruthenium
with L-methyl-2-pentanone was studied by means of the tracer technique.

The results are given in Table 1V. These data show that with equal volumes
of extractant and raffinate, about 78% of the osmium would be extracted

in a single equilibration at an acid concentration of 6 M HBr. However,
when both the extractant and raffinate are pre-saturated with each other
much better separation is obtained. The results are shown in Table V. With
phase equilibration essentlially a quantitative extraction of osmium occurs
in a single two minute equilibration, The distribution coefficient cal-
culated for ruthenium would indicate about 2% extraction; however, it is
believed that the measured activity in the extractant after a single equili-
bration is due to the presence of one of the impurities in the ruthenium
sample.

Figure VII, shows the gamma ray spectrum of a sample of mixed

osmium and ruthenium bromides before extraction, and Figures VIII and IX



TABLE IV

Distribution Coefficients of Bromo Complexes of Os and Ru as a Function
of Acidity Using Phases that were not Pre-saturated,

Acid Concentration Kg(Ru) Ed_(gg)_
1M 0.01 2.93
2 M 0.02 291
3M 0.02 2.80
4 M 0.02 5.20
5 M 0.03 3.25

6 M 0.07 3.51
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TABLE V

Effect of Using Pre-saturated Phases Upon Extraction of Bromo

Complexes of 0s and Ru with L-methyl-2-pentanone at an Acid
Concentration of 6 M HBr.

Ry0s B &
phases not 3.51 0.07
saturated

phases pre- 206.5 0.05

saturated
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show the gamma ray spectra of the extractant and raffinate, respectively.
The osmium-191 peak in the extractant is not as intense as that in the
initial sample because the extractant was twice the volume of the raf-
finate. Notice that no osmium activity can be seen in the raffinate and
" no ruthenium activity is seen in the extractant. Six replicate deter-
minations gave the same result, namely quantitative extraction of bromo-
osmate after a single two minute equilibration.

The results of increasing concentration of osmium and ruthenium
upon efficiency of extraction are shown in Table VI. It can be seen that
there is an appreciable increase in the distribution coefficient of ruth-
enium and a decrease in the distribution coefficient of osmium as the con-
centration of osmium and ruthenium increases. This result is probably due
to saturation of the extractant with osmium with increasing concentration
and a ;;iting out effect with increasing amounts of ruthenium. Once the
extractant is saturated with osmium, it cannot remove ;;§ more osmium from _
the raffinate. As the ruthenium concentration is increased in the raf-
finate, some ruthenium may be driven into the extractant by a salting out
process.

Berg and Sanders had studied the countercurrent extraction of the
bromo complexes of platinum{IV), palladium(II), rhodium(III), and iridium{IV)
into k-methyl-2-pentanone. The values they obtained for the distribution
coefficients of these metals together with the values obtained here for
osmium and ruthenium indicated that it might be possible to separate the
bromo complexes of osmium, palladium, and ruthenium. Palladium was chosen
because its distribution coefficient is low enough to permit resolution

of the three components if {t is assumed that the ruthenium would not be

extracted, This separation was investigated with a 15 stage Craig apparatus.

27



TABLE VI

Effect of Increasing Concentration of Metal Upon
Extraction of Bromo Complexes of 0s and Ru into

L-methyl-2-pentanone at an Acid Concentration of
6 M HBr.

ppm Os Ky
7:5 243
150 178
225 147
300 Th
450 81

ppm Ru Ky
8e 0.05
246 0.08

410 0.15
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The same difficulties encountered earlier in the determination of osmium
and ruthenium after solvent extraction occurred again and these difficulties
were compounded by the presence of palladium. The presence of the solvent
interferes with the determination of the metals. Removal of traces of

the extractant with strongly oxidizing reagents is not possible because

of the possibility of formation of the volatile tetroxides of osmium and
ruthenium. As a result, it was possible only to confirm visually that a
separation was taking place. Time did not permit the further work re-
quired to obtain quantitative data,

Berg and Sanders had also written a computer program for the Craig
equation. This program was Yewritten so that the results were printed out
directly instead of being recorded on cards and the results were presented
in a better format. The revised program is shown in Table VII. The priat
out of data for a theoretical 15 stage countercurrent extraction of each
of the six platinum metals is shown in Tables VIII, IX, and X. These re-
sults indicate that it may be possible to separate with 15 stages mix-
tures of ruthenium, palladium, and osmium or ruthenium, iridium, and osmium,

or ruthenium, rhodium, and osmium, but not ruthenium, platinum and osmium.
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TABLE VIII

Theoretical Data for Countercurrent Extraction of Bromo

Complexes of Cs and Ru on a 15 Stage Craig Apparatus.

Ru
Transfers Tube R Fraction of Solute
14 1 0.50506788
14 2 0.35354751
14 3 0.11490294
14 L 0.02298059
1k 5 0.0031598%
14 6 0.00031598
14 T 0.000023T70
1k 8 0.00000135
14 9 0.00000000
14 10 0 .00000000
14 11 0 .00000000
14 12 0.00000000
14 13 0 .00000000
14 14 0 .00000000
1 15 0 .00000000
Os
14 1 0.00000000
14 2 0.00000000
14 3 0 .00000000
14 L ©.00000000
1L 5 0 .00000000
14 6 0.00000000
14 T 0 .00000000
14 8 0.00000000
14 9 0 .00000000
1L 10 0.00000001
14 11 0.00000058
1k 12 0.00004 243
1L 13 0.00212157
14 14 0.06527893
14 15 0.93255622

Percent Dist.
50.5 Coeff,
35 .4
1l1.5 Ratio

2.3
0.3
0.0
6.0
0.0
0.0
0.0
0.0
0.0
.0
0.0
.0
. Dist,.
. Coeff.
Ratio

*

Qoococoocooococooocoo0
NN OOOOOOO0OO000O0

- - - .

\O

0.05

1.00

200

1.00
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TABLE IX

Theoretical Data for Countercurrent Extraction of Bromo

Complexes of Pd and Pt on a 15 Stage Craig Apparatus,

Pd
Transfers Tube R Fraction of Solute
14 1 0.00001607
14 2 0.00027002
14 3 0.0021061k4
14 L 0.01010945
14 5 0.03336119
14 6 0.08006685
14 T 0.14412033
14 8 0.1976507k
1L 9 0.20753%28
14 10 0.16602662
14 11 0.09961597
14 12 0.04346879
14 13 0.01304064
N 14 0.00240T750
n 15 0.00020636
Pt
1L 1 0 .00000000
1k 2 0 .0000000k
14 3 0.00000080
14 L 0.00001118
1k 5 0.00010758
14 6 0.00075306
14 7 0.00395356
14 8 0.01581L24
14 9 0.04843111
ik 10 0.11300593
ik 11 0.19776038
14 12 0.25169503
14 13 0.22023315
14 14 0.11858708
14 15 0.029646TT

Percent

(& ]
O

=N s
OO O NS0 FowrmooO
..l-.’......
DHANNORNDDEFOWO N O

+FrOO0O00O OO0

oW DN FROO00O0

Dist.
Coeff.

Ratio

3.50
1.00
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TABLE X

Theoretical Data for Countercurrent Extraction of Bromo

Complexes of Ir and Rh on a 15 Stage Craig Apparatus,

Ir
Transfers Tube R Fraction of Solute
14 1 0 .000004T5
14 2 0.00009313
14 3 0.00084789
14 L 0.004T74819
1k 5 0.01828053%
14 6 0.05118548
14 7 0.10748951
14 8 0.17198322
ik 9 0.21067944
14 10 0.1966%415
14 11 0.13764390
14 12 0.07007326
14 13 0.02452564
14 14 0.00528245
14 15 0.0005282h
Rh
14 1 0.00026680
1k 2 0.00298815
14 3 0.01553840
1L b 0.0L49T72287
14 5 0.10939031
14 6 0.17502450
14 T 0.21002939
14 8 0.19202687
14 9 0.13441881
14 10 0.07169003%
14 11 0.02867601
14 12 0.00834211
1L 13 0.001668L2
14 14 0.00020534
14 15 0.00001173

Percent

0.0

- . . L] . - -

= e
copautrRRbouw,roo00
AN O O - = 0OV = O

|l et AC I el
- -
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Dist.

Coeff,

Ratio

1.ko

1.00

1.00
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IV. CONCLUSIONS AND SUGGESTIONS FOR FUTURE WORK

The simultanecous determination procedure described here should
be suitable for the analysis of receiving solutions after the distilla-
tion of osmium and ruthenium as tetroxides. Since the other platinum
metals, particularly palladium and rhodium, interfere, some preliminary
separation such as the above mentioned distillation is required before

this method may be used.

The molar absorptivity of the complex formed between ruthenium
bromides and thiourea is rather low compared with the value reported by
Ayres and Youngh. This decreases the sensitivity of the method. Further
work may reveal conditions which would increase the intensity of the ruth-
enium color without adversely affecting the determination of osmium. It
also would be interesting to see if some thiourea derivative could be used
for a simultaneous determination of osmium and ruthenium,

The solvent extraction procedure appears to be an excellent and
rapid method for the separation of osmium and ruthenium. What is needed
to make this method more useable is a suitable method for the determination
of osmium and ruthenium in the presence of L-methyl-2-pentanone.

The ease of separation of osmium and ruthenium by solvent extraction
makes the possibility of separation of mixtures of osmium and ruthenium
with other platinum metals look attractive., Further work on the counter=-
current extraction of bromo complexes of the platinum metals is recommend-
ed, Mixtures containing osmium, iridium, and ruthenium, or osmium,
palladium, and ruthenium, or osmium, rhodium, and ruthenium might be
readily separated in a 15 or 20 stage Craig apparatus, With additional

stages, perhaps mixtures of four or more platinum metals may be separated.
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