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INTRODUCTION

Ruthenium is a scarce element that is found in about
108 % of the earth's crust. It is present in much larger
amounts in chondrite and, especially, in iron meteorites
((1-6) x 10* %). It usually occurs in association with
other platinum group metals.!

As one of the most effective hardeners in high-den-
sity alloys, ruthenium is widely used in the electronic in-
dustry. Alloyed with other platinum metals it serves to
make electrical contacts for heavy wear resistance. Re-
cently, platinum metals, especially ruthenium and its

of the chelates in dichloromethane were used for spectrophotometric determination of ruthe-
nium. Beer's law was obeyed over the concentration range of 0.1-20.0 pg cm™ ruthenium.
Molar absorptivity was 1.35 x 10* mol~! dm?® cm™' (organic phase, at 393 nm) and 1.29 x 10*
mol™! dm® cm™! (aqueous phase, at 367 nm), irrespective of the reagent used. The method was
successfully applied to the determination of ruthenium in synthetic mixtures. Extraction of a
chelate complex of ruthenium(IIl) with 3-hydroxy-2-methyl-1-phenyl-4-pyridone proved to be
a simple and efficacious method for the separation of ruthenium(IIl) from large amounts of
palladium(Il) and rhodium(III).

chlorocomplexes, have been much used in the catalytic
oxidation of some organic compounds. Ruthenium and its
alloys also have a widespread application in jewellery.!

In radiochemistry, the interest lies in the separation
of thodium from ruthenium since rhodium is a daughter
of ruthenium by beta decay.?

The growing use of ruthenium in widely different
fields has made it necessary to develop simple, inexpen-
sive and sensitive methods for its determination. When
ruthenium is present in various matrices in extremely
low concentrations, direct determination is not success-
ful without previous preconcentration and separation.

* Author to whom correspondence should be addressed. (E-mail: vlastavojkovic@yahoo.com)
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Separation procedures (volatilization, coprecipitation,
solvent extraction, sorption and chromatography) can be
used to isolate and preconcentrate ruthenium from multi-
component samples containing noble and base metals.?

A conventional method for the separation of ruthe-
nium from the platinum metals is based on the distilla-
tion of volatile ruthenium tetroxide.>* Different oxidants
(HCIO4+H,S0O,, NaBiO;, K,Cr,0; and KMnO,) for ru-
thenium have been used. This, however, is not an appro-
priate method for producing ruthenium on an industrial
scale because it requires complicated manipulation and
because of the explosive property of tetroxide at temper-
atures above 180 °C. Therefore, solvent extraction is
preferred to distillation.! For metal preconcentration, the
tetroxide can be extracted into carbon tetrachloride,-”
chloroform,® or mephasine.®

Precipitation methods are rarely used to isolate ru-
thenium from multi-component mixtures due to lack of
selective precipitants.’ However, ruthenium concentra-
tion can be achieved by the solvent flotation method.’
The method is based on the ion associate formed by the
anionic chloride complex of ruthenium RuClg>~ with the
basic dye Rhodamine 6G. It precipitates when the aque-
ous solution is shaken with toluene. The separated com-
pound is soluble in acetone.

Various complexing agents (e.g., di(2-ethylhexyl)-
phosphonic acid,!? carbamates,? dithizone,? and thiourea
derivatives?) can be used in separation procedures to
convert ruthenium into stable extractable species.

The chlorocomplexes of ruthenium are extractable by
means of various organophosphorus compounds'! and
high-molecular-weight amines.!"'2 Amine, dissolved in
an organic diluent, is transformed into organic cation
(R,NH*) by reacting with the acid present in aqueous
solution. The cation reacts with the anionic complex of
the analyte in solution by forming an ion-pair, dissolved
in the organic solvent used as diluent.

Ruthenium can be separated from platinum metals
after its conversion into a thiocyanate complex.!3-17 A
high distribution coefficient is achieved when polyure-
thane foam is applied in ruthenium extraction from
thiocyanate media.!® Surfactant extraction of ruthenium
from thiocyanate media into Triton X-100 phase in the
presence of Zephiramine has been investigated.!”

Solvent-extraction processes are well established and
efficient techniques for the separation of ruthenium from
platinum and palladium,'>!® rhodium,!4!8 osmium, and
iridium. 1819

UV-VIS spectrophotometry is widely applied for the
determination of microgram amounts of ruthenium. Ex-
traction is the first step to be taken before spectrophoto-
metric determination of ruthenium.!? 20-31

Recently, gamma-pyridone derivatives, 3-hydroxy-2-
methyl-1-phenyl-4-pyridone (HX) or 3-hydroxy-2-methyl-
-1-(4-tolyl)-4-pyridone (HY), have been used as effec-
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tive extracting spectrophotometric reagents to determine
palladium(II),3 and spectrophotometric or fluorimetric
reagents to determine iridium(IV).3334

In the present paper, we report the results of studies
of the reaction between ruthenium(Ill) and HX(HY)
with the intention to elucidate the spectrophotometric
determination of ruthenium in the aqueous phase or in
the organic phase after extraction with some organic sol-
vents, and to use the data to open new possibilities for
the separation of ruthenium from other platinum metals.

o

o oH
_OH |1
R N NCH

N7 cH,

CH,

3-Hydroxy-2-Methyl-1-Phenyl-
4-Pyridone (HX)

3-Hydroxy-2-Methyl-1-(4-Tolyl)-
4-Pyridone (HY)

EXPERIMENTAL

Reagents

A stock solution of ruthenium(III) (1 x 102 mol dm=3) was
prepared by dissolving (NH4),RuCls-H,O (Johnson
Matthey, New York, USA) in 1 mol dm=3 HCI. The solution
was standardized spectrophotometrically with thiourea3’
and checked with the ruthenium atomic absorption standard
solution (Johnson Matthey).

Rhodium(IIT) and palladium(II) stock solutions (0.02 and
0.01 mol dm=3) were prepared from RhCl; or PdCl, (Fluka,
Buchs, Switzerland) in 0.05 mol dm= HCI. The solutions
were standardized gravimetrically3¢ with the dimethylglyo-
xime (palladium) and zinc (rhodium). Working solutions were
obtained by appropriate dilution of the stock solution with
deionized water.

3-Hydroxy-2-methyl-1-phenyl-4-pyridone (HX), and 3-
hydroxy-2-methyl-1-(4-tolyl)-4-pyridone (HY) were synthe-
sized as described previously.3” Solutions were prepared by
dissolving weighed amounts of HX in water (heating time
15 minutes at about 80 °C) and of HY in 96 % (v/v) ethanol.

Thiourea, 10 %, w/v aqueous solution.
A solution of alkali metal salts and a solution of differ-
ent metals were used to study ion interference.

All the chemicals used were of analytical-reagent grade.

Apparatus

A Varian double-beam spectrophotometer, model Cary 3,
equipped with 1-cm quartz cells, was used for absorption
measurements. Determination of palladium, ruthenium and
rhodium in the aqueous phase after extraction was performed
on a Perkin Elmer atomic absorption spectrometer, model
3030B. Operating conditions are given in Table 1.
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TABLE I. Operating conditions for ruthenium, rhodium and palla-
dium determination by AAS

R.f. generator 50/60 Hz, operating power 500 W

Gas flow air: 45 dm3/min; acetylene: 20 dm3/min

Ruthenium 0.57 mol dm=3 HCI; 0.15 mol dm= HNOg3;
0.5 % LaCls; 349.9 nm

Rhodium 2.7 mol dm=3 HCI; 0.07 mol dm™3 Na,SOy;
343.5 nm

Palladium 0.5 mol dm=3 HCI; 244.8 nm

A Griffin flask shaker with a time switch served for ex-
traction. The pH of the aqueous phase was measured with a
Radiometer PHM 85 precision pH-meter.

General Extraction Procedure

A known volume of the working ruthenium solution and a
given amount of HX(HY) were mixed and diluted to about
6 cm?. The pH was adjusted to 6.5 (Rul-HX) or 7.0 (Ru!l-
-HY) with the addition of NaOH. The solution was trans-
ferred quantitatively to a 10-cm? standard flask, heated at
75 °C for 15 minutes, cooled to room temperature in ice wa-
ter and finally diluted to volume. An aliquot was used for
absorbance measurement at 367 nm. Another aliquot (5 cm?)
was shaken with an equal volume of dichloromethane in a
50-cm? conical flask with a mechanical shaker for 20 min.
After the phases were separated by gravity for each experi-
mental point, aliquots of the organic and aqueous phases were
used for absorbance measurements at 393 and 367 nm.
Ruthenium(IIl) concentrations in the aqueous phase
were determined by atomic absorption spectrometry (AAS)
after appropriate dilution. The difference between the initial
ruthenium concentration and its final concentrations in the
aqueous phase after extraction was assumed to be equal to its
concentration in the organic phase. The distribution coeffi-
cient was calculated from the concentration ratio of the metal
in the organic phase to the metal left in the water solution.

Procedure for Palladium Separation from Ruthenium

Separation of palladium(II) from ruthenium(IIl) was carried
out at room temperature by shaking equal volumes (10 cm?)
of HX in chloroform and the aqueous phases with a mecha-
nical shaker in a 50-cm3 conical flask for 35 minutes. The
aqueous phase consisted of 1-10* mol dm= Pd" and ru-
thenium(III) in the corresponding excess (see Table VIII).
The pH was adjusted to 2.5 by addition of sulphuric acid
and sodium sulphate (u = 0.2 mol dm3). After the phases
were separated by gravity for each experimental point, their
aliquots were used. Concentrations of the metals that remain-
ed in the aqueous phase were determined by atomic absorp-
tion spectrometry (AAS) after dilution, as described above.
The experiments were carried out in duplicate.

Procedure for Ruthenium Separation from Rhodium

A known volume of the working ruthenium solution with
the corresponding excess of rhodium(IIl) (see Table VIII),
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and a given amount of HX were mixed and diluted to about
15 cm?3. The pH was adjusted to 6.5 by addition of NaOH.
The solution was transferred quantitatively to a 25-cm3
standard flask, heated at 75 °C for 15 minutes, cooled to
room temperature in ice water and finally diluted to vol-
ume. The final ruthenium(III) and HX concentrations were
5-107 mol dm™ and 4.5-1073 mol dm.

An aliquot (10 cm?) was shaken with an equal volume
of dichloromethane in a 50-cm? conical flask with a me-
chanical shaker for 20 min. Concentrations of the metals
that remained in the aqueous phase were determined by
atomic absorption spectrometry (AAS) after dilution, as de-
scribed above. The experiments were carried out in dupli-
cate.

Synthetic Mixtures

Different amounts of metal salts, including those of ruthe-
nium, were mixed. A mixture (about 0.5 g) was dissolved
in 1 cm? concentrated hydrochloric acid by heating. After
cooling to room temperature, it was diluted with deionized
water to 25.0 cm? in a calibrated flask. Aliquots of sample
solution were analyzed for ruthenium as described above.

RESULTS AND DISCUSSION

Optimum Conditions for Ruthenium Extraction

The extraction process consisted of two steps — the for-
mation of a complex between ruthenium(IIl) and HX or
HY in the aqueous phase, and the extraction of the com-
plex in dichloromethane. As ruthenium(IIl) formed a
complex with 4-pyridone derivatives quantitatively only
under heating, the effect of temperature and the heating
time on the formation of the Ru-HX(HY) complex in
the aqueous phase and on its extraction in dichloro-
methane was determined by heating the aqueous phase
before extraction. The optimal heating time was 10 min-
utes at 65 °C (Figure 1).

The effect of acidity on the formation and extraction
of the Ru-HX(HY) complex into organic solvent was
investigated at different pH values. Extraction of ruthe-
nium(Ill) with HX(HY) was carried out over the pH
range from 2 (the initial pH as a result of stock solution
acidity) to 8.5 (adjusted by the addition of NaOH). The
efficiency of ruthenium extraction at one stage was about
80-82 % at pH 5.5-8.5 (for Ru™-HX) and pH 6-8.5 (for
Ru-HY) (Table II). Therefore, in subsequent studies a
pH of 6.5 (7.0) was maintained throughout the experiment.
For complete formation of the complex in the aqueous
phase and its extraction in the organic phase, the mini-
mum molar ratio of ligand to ruthenium was HX(HY) :
Rulf = 70 : 1 (Figure 2).

To test the feasibility of developing a ruthenium re-
covery process based on the HX(HY) reagent, the back-
-extraction properties of the Ru-HX(HY) complex from
dichloromethane were studied using various mineral acids

Croat. Chem. Acta 78 (4) 617-626 (2005)
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Figure 1. Effect of temperature (a) and heating time (b) of the
aqueous phase on percent extraction of RuMl-HX(HY) complexes:
cRUM) = 5x 10 mol dm=3; c(HX) = 4.5x 102 mol dm3;
PHaqueous ghcse = 6.5 or cRU") = 5x 10-° mol dm=3; ¢(HY) =

4.5 x 1073 mol dm=3; pHaqueous phase = 7-0; @(EIOH) = 30 %. a)
heating time = 15 minutes; b) temperature = 75 °C.
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Figure 2. Dependence of percent extraction of RuM-HX(HY) on the
initial reagent concentrations: c(Ru') = 5 x 105 mol dm=3; pH =
6.5; varied HX or c(RuM) = 5 x 10-> mol dm=3; ¢(EtOH) = 30 %;
pH = 7.0; varied HY.

as stripping reagents. Percentages of the stripped ruthe-
nium, extracted under optimal conditions, were 96 with
>5 mol dm=3 H,SO, and 88 with 5 mol dm=3 HCL
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TABLE II. Dependence of the percent of Rul-HX(HY) complex ex-
traction on the initial pH

pH Extraction / %

HX HY
2.0 1.5 0.6
2.5 2.7 0.9
3.0 4.9 2.9
35 9.5 20.7
4.0 16.6 34.1
4.5 36.5 52.7
5.0 58.7 71.3
5.5 81.8 76.8
6.0 81.0 79.4
6.5 82.5 80.4
7.1 82.4 82.2
7.5 81.9 80.4
8.0 80.8 81.9
8.5 82.1 80.5

c(Ru) = 5 x 107 mol dm™>; ¢(HX or HY) = 4.5 x 10~ mol dm™

Spectrophotometric Measurements

The RuM-HX(HY) complex was used for spectrophoto-
metric determination of ruthenium in the aqueous phase,
or in the organic phase after extraction with dichlorome-
thane.

The absorption spectra in the aqueous and organic
layers were measured against a reagent blank. The ab-
sorption maximum of the yellow complex in the aque-
ous and organic phases depended on the acidity of the
aqueous phase (Figure 3), on its heating temperature and
on ligand concentration. For a simpler illustration, the
absorption spectra of the Ru-HX complex are pre-
sented.

The spectra had a constant maximum at 367 nm
(aqueous phase) and 393 nm (organic phase) if the pH
was in the 4.5-8.5 range, heating temperature 50 °C or
higher, and molar ratio HX(HY) : Rul = 15(10) : 1 and
higher. As the blank did not show a measurable absor-
bance at 367 nm and 393 nm, measurements could be
made against the solvent.

The optimum pH ranges for constant absorbance in
the aqueous and organic layers were 5.5-8.5 (Rul"HX)
and 6.0-8.5 (Ru-HY) (Figure 4). At pH = 6.5(7.0), the
Ru™-HX(HY) complex failed to show any significant
change in absorbance for up to 20 hours at room temper-
ature.

To prevent ruthenium hydrolysis, the effect of ethyl-
eneglycol on the colour reaction of Rul was studied. In
the presence of 0.1-1 cm? ethyleneglycol, at an optimal
pH value, the absorption of the chromogenic system
increased only from one to four percent. Accordingly,
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Figure 3. Effect of the aqueous phase pH on absorption spectra
of the Ru"-HX complex: c(RuM) = 5 x 105 mol dm=3; c(HX) =
4.5 x 1073 mol dm=3. pH: (1) 2.0; (2) 3.0; (3) 3.3; (4) 4.3; (5)
4.8; (6) =5.5.

all further measurements were without the addition of
ethyleneglycol.

In contrast to HX, which is soluble in hot water, HY
is soluble in ethanol. Thus, before extraction the aque-
ous phase consisted of 15 % EtOH as a result of addition
of the HY solution. The effect of ethanol in the 15-65 %
range on the extraction and spectrophotometric determi-
nation of ruthenium(IIl) with HY was investigated. The
relationships between the absorbance value and the
C,HsOH yield are shown in Figure 5. At a lower ethanol
yield, up to 30 (v/v) %, the absorbance was maximal and
constant. The absorbance in the aqueous and organic
phases decreased with an increasing percentage of etha-
nol.

Different organic solvents were employed for ex-
traction of the Ru-HX(HY) complex. The results (Ta-
ble III) show that the complex extraction varied with the
nature of the diluent, and that ruthenium extraction was
enhanced with diluents such as chloroform, dichloro-
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Figure 4. Effect of pH on the formation of Ru"-HX(HY) complex
and its extraction in dichloromethane: c(Ru") = 5 x 10> mol dm=3;

c(HX) = 4.5 x 103 mol dm=3 or c(Ru") = 5 x 10> mol dm=3;
c(HY) = 4.5 x 103 mol dm=3; ¢(EtOH) = 30 %.

TABLE Ill. Effect of the solvent nature on the absorbance of the
Rull-HX(HY) complex organic layer

Solvent Dielectric constant A393
(~20 °C)¥ HX HY

Toluene 24 0.037 0.036
Benzene 2.3 0.028 0.031
Cyclohexane 2.0 0.043 0.039
Chloroform 5.1 0.714 0.715
Dichloromethane 9.08 0.715 0.718
1,2-Dichloroethane 10.5 0.629 0.731
1-Octanol 10.8 0.603 0.661
MIBK 13.1 0.052 0.065
Isoamyl alcohol 15.8 0.043 0.041
Butanol 17.8 0.024 0.021

c(Ru™y = 5.0 x 10~ mol dm™; shaking time 20 min;
¢(HX) = 4.5 x 10 mol dm™>; pH,yc0us phase = 6-3, or
¢(HY) =3.5 x 10 mol dm™; pH,ye0us phase = 7-0; @(EIOH) = 30 %

methane, dichloroethane, 1-octanol having middle di-
electric constants. On the other hand, diluents having
lower or higher dielectric constants led to lower ruthe-
nium(III) extraction with both reagents. For commercial

Croat. Chem. Acta 78 (4) 617-626 (2005)
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Figure 5. Effect of ethanol on the formation of Ru(lll)-HY complex
and its extraction in dichloromethane: c(Ru') = 5 x 10-> mol dm™3;
c(HY) = 4.5 x 103 mol dm=3; pH = 7.0.

purposes, chloroform or dichloromethane may be re-
placed by 1-octanol.

The ratio of ruthenium to HX and HY was deter-
mined by a logarithmic method?® and was 1:1 in the
aqueous and organic layers.

A calibration graph for ruthenium(III) determination
was constructed using the optimal conditions. Linear
calibration graphs were obtained in the range 0.1-20.2
pg/cm? of ruthenium(IIl). The calibration lines for ruthe-
nium(IIl) determination fit the equations:

Org. phase A =0.0338+0.1350 C n=11 R=0.999

RulHX(HY)
A=0.0261+0.1291 C n=11 R=0.993

Aq. phase
C — ruthenium concentration (ug cm™)

Molar absorptivity was 1.35x 10* mol~! dm?3 cm!
(organic phase) and 1.29 x 10* mol~! dm? cm™! (aqueous
phase) for both reagents. To examine the accuracy and
precision of the method, ten successive measurements
were carried out with the standard solution containing
0.509 pg ¢cm™3 ruthenium(IIl) (Table IV). The results
showed the system to be accurate and to have a rela-
tively good reproducibility.

To assess the usefulness of the proposed method, the
effects of diverse ions that often associate with ruthe-
nium(IIl) were studied. Ruthenium(IIl) was determined

TABLE IV. Accuracy and precision of the spectrophotometric deter-
mination of ruthenium(lll) with HX(HY)

Rull-HX Ru_HY
Parameter Organic Aqueous Organic Aqueous
phase phase phase phase
x/ ug Ru cm™ 0.509 0.503 0.513 0.508
95 % CL/ug cm™ +0.003 +0.002 +0.005 +0.004
RSD / % 0.78 0.48 1.21 0.91
¢(HX) = 4.5 x 10~ mol dm™; pH,e0us phase = 6.3 or

c(HY) = 4.5 x 1073 mol dm~3; pH,
CL-confidence limit; (n = 10)

=7.0; p(EtOH) = 30 %

aqueous phase

Croat. Chem. Acta 78 (4) 617-626 (2005)
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TABLE V. Tolerance limits for ruthenium in presence of foreign ions

Tolerance limit
[Ton] / [ruthenium(III)]

Foreign ions

Nal, KL, Lil, chloride 5000
Bromide 2500
Sulphate, NH,* 1000
Perchlorate 500
Acetate 250
Ball, Call, MgH 100
7Zn!l, Cdl nitrate, carbonate 50
CI‘HI, Alm 20
OsVIL Mpll, Coll 10
Citrate, tartarate, thiocyanate 1
Felll, Os!V, arsenate, oxalate <1

c¢(Ru™ = 5% 107 mol dm™3; ¢(HX) = 4.5 x 1073 mol dm™;

pHaqueous phase = 6.5 or

c(HY) = 4.5 x 1072 mol dm™>; pH, =17.0; (EtOH) = 30 %;

aqueous phase

as the Ru"HX(HY) complex under the optimal condi-
tions, as described in Experimental, General Extraction
Procedure. Tolerance to foreign ions was tested with so-
lutions containing 5.05 pg ruthenium(IIl) per cm3. The
tolerance limit was taken to be the amount that caused
* 3 % change in absorbance. Table V shows the tolerance
limits.

Studies of the use of gama-pyridone derivatives in
the extraction and spectrophotometric determination of
metal ions in the presence of HY showed a synergistic
effect, and some metal ions were extracted from more
acidic solutions than in the presence of HX.37 In this
work, the effect of HX was found to be comparable to
that of HY. However, extraction of the ruthenium-HY
complex was carried out from a mixed water-ethanol so-
lution. For simplicity, same HX was used throughout the
experiment.

100

80

60

Extraction / %

40

20

Figure 6. Effect of pH on the extraction of Ru'-HX, Pd'-HX and
Rh!-HX complexes: c(Ru'") = 5 x 10-5 mol dm=3; c(HX)aqueous phose
= 45x102 mol dm= or cRh") = 5x10° mol dm3;
C(Hx)oqueous phase or dichloromethane = 4.5 %1073 mol dm=3 or C(Pd”)
=4 x 107> mol dm=3; c(HX)gichioromethane = 1.6 x 10-3 mol dm=3.
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TABLE VII. Determination of ruthenium in some synthetic mixtures

Sample / ug cm™ Ru / ug cm™

Spectrophotometry AAS

Mixture I: 80.8 +0.2 78.8+1.2
Ru(80), Pd(10), Rh(10),

Mo(32)

Mixture 2: 400.0 £ 4.8 401.6 +5.2
Pd(35), Rh(400), Ru(400)

Mixture 3: 103.0+4.1 102.5+3.1
Ru(100), Rh(60), Pd(50)

Mixture 4: 96.8+1.4 93.5+2.8

Ru(96.5), Rh(0.72),
Pd(1.43), Pt(0.42), Ir(0.93)

Average of four determinations

Table VI summarizes the analytical characteristics
of the proposed method along with some other spectro-
photometric methods for ruthenium determination.
Comparison shows the molar absorptivity in the present
approach to be about twice as high as that of some other
proposed methods.!32049 Some methods are time-con-
suming because reactions take place at higher tempera-
tures and longer heating time,!3:17.20.24.32

Application of the Method to Synthetic Mixtures

The method was applied for the determination of ruthe-
nium in synthetic mixtures. Sample treatment of synthe-
tic mixtures is described in Experimental, Synthetic Mix-
tures. Results of the analyses were in good agreement
with those obtained by the AAS method (Table VII).

Separation of Ruthenium(IIl) from Palladium(II)
and Rhodium(III)

Ruthenium is usually found in association with other
platinum group metals, as intermetallic solid solutions

V. DRUSKOVIC et al.

a) Aqueous phase:] mmol Ru™/ Pd" / Rh'™ + 0.25 mmol HCI
distilled water to make up the volume to 10.0 cm’
Organic phase: 10 em® 5x107 mol dm™ HX in dichloromethane

Equilibration time: 35 min

| |

Aqueous phase Organic phase

Rlim + Rh"' pa"

Stripped with § mol dm™ HCI (H;S04)

(Recovery 99.4 % Pd)

b) Aqueous phase — 2.5 mmol Ru"' / Rh" / + 45 mmol HX, pH adjusted to 6.5
distilled water to make up the volume to 25.0 cm®
heated at 75 °C for 15 minutes
cooled to room temperature
10 em® aqueous phase + 10 em’ dichloromethane

Equilibration time: 20 min

! i

Organic phase Aqueous phase
Rulll Rh 11

4

Stripped with 5 mol dm™ H,S0,

Aqueous phase (81 % Ru)

Figure 7. Schematic flow diagram for separation of ruthenium
from palladium (a) and rhodium (b).

that also contain gold, silver, iron, copper, nickel and co-
balt.!

Separation of ruthenium from the platinum group
metals is of large practical importance in the field of analy-
tical chemistry and high purity ruthenium technology. Se-
paration of ruthenium(III), palladium(II) and rhodium(III)
from their mixtures was based on their different extrac-
tion and stripping conditions with respect to HX.

TABLE VIII. Separation of ruthenium from a) rhodium and b) palladium

a)

b)

c¢(Rh) / ¢(Ru) Extraction / %

c(Ru) / ¢(Pd) Extraction / %

Ru Rh Ru Pd

1 83.1 0,0 1 0.0 95.2
10 82.5 0.0 10 0.0 94.9
50 90.6 0.0 25 0.0 94.8
100 83.3 0.0 50 1.0 95,3
500 82.3 0.0 100 0.0 96.3
1000 84.0 0.0 160 0.0 94.2

a) pH = 6.5; c(Ru™) = 1.0 x 10 mol dm™3; ¢(HX) = 1.0 x 102 mol dm™ in aqueous phase
b) pH = 2.0, ¢(Pd") = 1.0 x 107 mol dm=>; ¢(HX) = 5.0 x 10~ mol dm~ in dichloromethane
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EXTRACTION OF RUTHENIUM

Palladium(Il) was quantitatively extracted with HX
dissolved in dichloromethane or chloroform in the pH ran-
ge 1.5-3.0%2 while ruthenium(IIl) remained in the aque-
ous phase (Figure 6).

The Rh-HX complex extraction in dichloromethane
and chloroform was investigated in the pH range 2-8.
Under these conditions, rhodium(IIl) was not extracted
and remained in the aqueous phase (Figure 6). The dia-
gram depicting ruthenium separation from palladium
and rhodium is given in Figure 7.

The effects of large amounts of ruthenium on palla-
dium(II) extraction and of large amounts of rhodium on
ruthenium(III) extraction were studied. Results confirm-
ed that palladium(II) extraction was not affected, regard-
less of the ruthenium(III) concentrations present. The mo-
lar ratio of rhodium to ruthenium was 1 : 1000, and that
of ruthenium(III) to palladium was 1 : 160 (Table VIII).

CONCLUSIONS

The proposed method has the following advantages:

— Extraction occurs in two steps and ruthenium re-
covery is about 82 per cent.

— Ruthenium(III) can be separated from palladium(II)
and rhodium(III).

— The method can be used for the spectrophotometric
determination of ruthenium in the aqueous phase or in
the organic phase after extraction with dichloromethane.
The method is fast, reproducible, and accurate.
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0098060.
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SAZETAK

Ekstrakcija rutenija s derivatima 4-piridona i njegovo odvajanje od rodija i paladija

Vinka Druskovié¢, Vlasta Vojkovi¢ i Tatjana Antonié¢

U reakciji rutenija(Ill) s 1-fenil-3-hidroksi-2-metil-4-piridonom odnosno 3-hidroksi-2-metil-1-(4-tolil)-4-
-piridonom nastaju Zuto obojene kompleksne vrste koje se iz vodenih otopina ekstrahiraju diklormetanom. Organ-
ska i1 vodena faza mogu se primijeniti za spektrofotometrijsko odredivanje rutenija(Ill). Sustavi slijede Beerov
zakon u rasponu koncentracija 0.1-20.0 pg Ru' cm3. Molarne apsorptivnosti iznose 1.35 x 10* mol™! dm? cm™!
(organska faza, pri 393 nm) i 1.29 x 10* mol~! dm3 cm! (vodena faza, pri 367 nm), neovisno o uporabljenome
reagensu. Opisana spektrofotometrijska metoda moZe se koristiti za odredivanje rutenija u sintetskim smjesama.
Ekstrakcija kelatnoga kompleksa rutenija(IIl) s 1-fenil-3-hidroksi-2-metil-4-piridonom temelj je jednostavne i
efikasne metode za odvajanje rutenija(Ill) od vecih koli¢ina rodija(IIl) i paladija(II).
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