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Abstract

A new method for back extraction of platinum metals from the salts of tertiary amines and quaternary onium bases
in the organic phase is proposed. This method allows the back extraction of platinum metals into diluted solutions
of mineral acids over one stage. The method involves the passing of direct current through a system in which the
extract containing a platinum metal is a liquid membrane. This method allows a practically complete back
extraction of the anions PtCl%’, RuNOCl%’ and RuzOCl‘l‘g (the latter passes into the aqueous phase without
breaking the dimer anion). It was found that when PtCI2~, PdCI3~ and Ru,OCI{; are in a liquid membrane based
on Oct;NHCI in 1.2-dichloroethane, under the action of an electric field all these anions are transferred into
aqueous 1 M HCI (E > 85%). To provide maximum back extraction of platinum metal anions, it is necessary to use
small concentrations of extractants in 1.2-dichloroethane (0.1 M for Oct;NHCI and 0.03-0.04 M both for Oct,NCl
and PhyPCl) over the period of the back extraction. Cyclic voltametry has demonstrated the determining role of

chloroions in current transport through the interface of phases I and II.

Notation and symbols

Oct;NHCI n-trioctylammonium chloride

Octy,NCI tetraoctylammonium chloride

Ph,PCl tetraphenylphosphonium chloride

E back extraction degree (%)

i current density (A m™?)

Jj the amount of anion flow through the phase
interface II (mol m? s)

In thickness of a membrane (m)

Vin volume of a liquid membrane (m?)
concentration (mol x 10° m™

n metal yield by current (%)

U voltage (V)

1. Introduction

The salts of tertiary amines [1-11] and quaternary
onium bases [2, 7-9, 12-15] allow the extraction of
platinum metals from an aqueous phase with a high
coeflicient of distribution. These extractants can be used
for effective partition of the platinum metals, as well as
their separation from the base metals [2, 7-9, 13, 16].
Certain difficulties accompanying the further trans-
port of platinum metals from the organic phase into
aqueous solutions (appropriate for further recycling) are
serious handicaps to the practical application of ex-
tractants [7-9, 16-22]. The difficulties in the back
extraction of platinum metal from the amine salt-based

extractants are related to the implantation [1, 2, 8, 9].
Under the conditions suppressing the implantation
reaction (i.e., necessary pH of the aqueous phase,
aprotone solvent), the concentrated HCI extracts pla-
tinum and rhodium completely [2, 8, 10].

The formation of multinuclei complexes [17, 21] in the
organic phase also complicates the back extraction of
platinum metals. Moreover, their formation is more
typical for the salts of quaternary onium bases than for
the salts of tertiary amines [21]. Due to an increase in the
hydrophility of the organic phase, the multinuclei
complexes break up and the back extraction of platinum
metals is enhanced [17, 18, 21].

The association of compounds, forming in the organic
phase [19, 20], adversely affects the back extraction of
platinum metals. This process depends on the nature of
the organic reagent (an amine salt or a quaternary
onium base), the solvent and the concentration of
complexes in the organic phase. The deterioration of
the back extraction process as the time of extract storage
increases is also determined by the polymerization and
solvation of complexes in the organic phase [21]. In such
cases, in the process of back extraction of platinum
metals it is recommended to introduce hydrophilic
additives in the organic phase (organic acids are
preferable) [7, 16, 18, 21].

It has been shown [23] that the reason for the
inefficiency of 1 M HCI solution as a back extractant
of PACI;~ from extracts based on Oct;NHCI in toluene
is the formation of a mixed monolayer at the phase
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interface, in which, as the concentration of (Oct;NH),-
PdCly increases, chloroions are displaced by the PdCI3~
anions in the organic phase.

The authors [24, 25] illustrate the extraction of
palladium electrochemically from the complexes of
quaternary onium bases in different diluents with added
ethanol by placing the cathode in the organic phase. We
have found that during electrochemical extraction, when
the cathode is directly in the organic phase containing
(OctsNH),PtClg in 1.2-dichloroethane, PtClé’ is trans-
ferred from the organic phase into the aqueous phase
even at small currents (i =2 A m™2). But due to the
cathode processes, involving Octs;NH"* and 1.2-dichloro-
ethane, a new organic compound appears, in which an
organic anion exists as a counter ion. Adsorption of this
compound was found while studying the process of back
extraction by the drop volume method [26].

To resolve the problem of the back extraction of
platinum metals, a new method is proposed, which
involves the passing of direct current through System A
in which the extract containing a platinum metal serves
as a liquid membrane.

2. Experimental details

The experiments were carried out in a five-chambered
Teflon dialyser (A) with two platinum electrodes and
rigid cation-exchange membranes (MK-40) that sepa-
rated the near-electrode chambers (a, f) from the
chambers b, d with hydrochloric acid, where II is the
liquid membrane/back extraction solution interface, as
shown in Figure 1.

A liquid membrane of thickness /,, = 4 x 107> m and
volume V,, = 3 x 107% m® was bordered on two sides (I
and II) by cellophane films. The presence of this film
made the processes of electrochemical extraction and
back extraction specific [27, 28]. The observed area of
contact of the liquid membrane (¢) with the aqueous
phase (d) was 7.1 x 107 m?. The process was carried
out galvanostatically.

Solutions of n-trioctylammonium chloride (Octs-
NHCI, 95% of Oct;N) and tetraoctylammonium chlo-
ride (Oct4NCl, 98% of main substance) in 1.2-dichloro-
ethane were used as extractants. It should be stressed
that the application of an electric field imposes specific
demands on organic solvents (e.g., necessary electric
conductivity of the membrane, exclusion of such phe-
nomena as electrical breakdown [28], transfer of the

solvent into the aqueous phase etc.). 1.2-dichloroethane
satisfies most of these criteria. 1.2-Dichloroethane is also
a polar solvent, which reduces the association of
compounds in the organic phase [9]. This ensures high
distribution coefficients in the extraction of platinum
metals. 1.2-Dichloroethane was purified by the method
described in [29] using fractions with fp.; = 83.4—
83.5 °C. Previous to extraction, n-trioctylamine was
transformed into hydrochloric salt Oct;NHCI by reac-
tion with 2 M HCIL.

Platinum(1v) and ruthenium(1v) were used as corre-
sponding compounds of H,[PtClg]J6H,O and K4 Ru,-
OCl;p]H,0. The extracts were prepared by shaking the
solutions of platinum metals in 1 M HCI (Cp; = 0.02 M,
Cru = 0.01 M if not specified) together with Oct;NHCI
solutions (0.5-0.05 M) and OctyNCl solutions (0.1-
0.02 M) in 1.2-dichloroethane. K4 Ru,OCl,o]'H,O salt
was synthesized following the method described in [30].
Since the hydrolysis processes are rather fast in weak-
acid solutions containing the RuQOCl‘l‘g anion [31],
ruthenium was extracted from the newly prepared
solutions. The concentration of metal in the aqueous
phase was defined by spectrophotometric methods [32,
33]. During simultaneous back extraction of platinum,
palladium and ruthenium the concentration of each
metal in the aqueous phase was determined by induc-
tively coupled plasma atomic emission spectrometry
[34].

3. Results and discussion

When direct current passes through System A, platinum
and ruthenium, as corresponding PtCI2~ and Ru,OCl{;
anions, are transferred to the solution in chamber d
(Figure 1). This is confirmed by the analysis results and
by the electronic absorption spectra in aqueous solu-
tions. Moreover, the two-nuclei complex does not break
up during the back extraction of Ru,OCl{;.

Figure 2 shows that the proposed method allows the
extraction of platinum(lv) and ruthenium(1v) from
organic solutions based on Oct;NHCI (runs 1 and 2),
on Oct4NClI (runs 4 and 5) and on Rh4PCl (run 3) with
high degrees of back extraction (E). But E greatly
depends on the concentration of extractant at the stage
of extraction: the higher C.y, the lower the degree of
platinum metal back extraction from the liquid mem-
brane with other conditions being equal. In view of the
definite demands, the dependence E = f{Cey,) allows the

A
a b d f
Pt x, M liquid x, M Pt
0.05 M H,SO, HCI membrane HC1 0.05 M H,SO,
MK-40 I II MK-40

Fig. 1. Scheme of an electrochemical compartment for the back extraction process (details in text).
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Fig. 2. Degree of back extraction (i =42 A m™>) against extractant
concentration (4) Pt (z=1800s); (@) Ru (1= 1200s); (A) Ru
(¢ = 2400 s); (¥) Ru (1 = 1800 s). (1, 2) OctzNHCI; (3) PhyPCl; (4, 5)
OctyNCI. Key: (l) 1, (@) 2, (A) 3, (¥) 4 and (®) 5.

selection of the most appropriate extractant from the
salts of tertiary amines or quaternary onium bases. Due
to the efficient extractability of the salts of quaternary
onium bases [35], during the extraction one can use
solutions of Octy;NCI1 or Ph4PCl, which are 24 times
less concentrated than Oct;NHCI. Therefore, to extract
PtCIZ~ and Ru,OCI{;, respectively, 0.04 M and 0.03 M
OctyNCI, and 0.1 M OctsNCl and 0.03 M Ph4PCl
solutions in 1.2-dichloroethane were used in further
experiments.

As the current passing through System A increases, the
rates of PtCI2~ and Ru,OCl}, anion flows decrease
(Figures 3 and 4). Moreover, the form of the curves
j = f(t) under the experimental conditions depends on
the nature and concentration of the extractant. The
decrease in j and small current values (3 < 40%) are
related to the presence of a supporting electrolyte in the
system (1 M HCI of chamber b and a free extractant of
chamber c¢); its chloroions suppress the migratory flow of
platinum metal anions through phase interface 11 (Fig-
ure 1). Furthermore, the longer the experiment, the more
current is transferred by chloroions. This assumption is
confirmed by a series of experiments. Thus, the higher

j*10°’mol m?s™
jx10%mol m’s"

3000 4000
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Fig. 3. Rate of platinum flow (Cp,=0.02 M; i = 42 A m™?) against
time of the process. Key: () 0.1 M Oct;NHCI; (4) 0.3 M Oct;NHCI;
(A) 0.04 M Oct4NCl).
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Fig. 4. Rate of ruthenium flow (Cg, = 0.01 M; i = 42 A m™?) against
time of the process. Key: (H) (Oct;NH),RuNOCls; (@) 0.1 M
Oct;NHCI; (A) 0.03 M OctyNCI; (V) 0.03 M PhyPCl).

the concentration of the extractant at the stage of
extraction, the lower the values of j (Figure 3, runs 1, 2)
and less significant are the values of the current for
platinum (5 is about 3%). The largest values of j (at least,
at the beginning of the process) were registered during
the electrochemical back extraction of platinum(1v) and
ruthenium(1v) from the liquid membranes containing the
solutions of a priori precipitated solid individual com-
pounds of platinum metals in 1.2-dichloroethane, for
example, (Oct;NH),RuNOCI; (Figure 4, run 1) [36].

An increase in current density passing through System
A results in an increase in j for all cases under discussion
(Figure 95).

The acidity of the aqueous phase has been found to
influence the electrochemical back extraction of plati-
num metals at the stage of liquid extraction. This
influence is determined by the nature of the complex
metal anion and the extractant (Figure 6). A significant
decrease in the degree of platinum back extraction takes
place only if Oct;NHCI is used as an extractant when
extracted from solutions with Cyc; < 0.1 M (Figure 6,

j*10%mol m%s”
'S
1
P
P
p

ix10"/A m?*

Fig. 5. Dependence of anion flow rate (1, 2, 3 for Ru (0.01 M); 4 for
(Oct3NH),RuNOCIs (0.03 M); 5, 6 for Pt (0.02 M) on current density
(1, 5 for OctyNCl; ; 2 for PhyPCl; 3, 6 for Oct;NHCI). Key: (H) 1, (@)
2,(A)3,(¥)4, (#)5and (k) 6.
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Fig. 6. Back extraction degree (i = 42 A m™2; ¢ = 1800 s): 1, 4 for Pt;
2, 3 for Ru) against HCI concentration (1, 2 for Oct;NHCI; 3, 4 for
OctyNCI). Key: (H) 1, (@) 2, (A) 3 and (V) 4.

run 1). This is associated with the apparent implemen-
tation reaction characteristic of tertiary amines under
such conditions [1, 2, 8, 9]. The degree of back
extraction for ruthenium decreases when extracted from
solutions with Cycy < 0.5 M by both extractants (Fig-
ure 6, runs 2, 3). This dependence is explained by the
hydrolysis of Ru,OCl}; anions taking place under such
conditions [31].

The concentration of platinum metals in the liquid
membrane increases with thickening of chamber ¢ of
System A; the degree of back extraction for both metals
decreases at a rate of /,, > 6 x 107> m. The calculations
reveal that the reason for the above phenomenon is an
insufficient (to sustain high values of E) current passing
through the system. However, experimental attempts to
prove the above have failed because the increase in
current density or time, at a considerable thickness of the
membrane, results in membrane heating and electric
breakdown of the system [28]. To study the influence of
platinum metal concentration in the liquid membrane on
the qualitative characteristics (E, j) of its electrochemical
back extraction into chamber d, (Oct;NH), RuNOCI;
solutions produced by diluting the corresponding sample
in 1.2-dichloroethane were used (Figure 7). The rate of
ruthenium anion flow through phase interface II increas-
es proportionally to the metal concentration in the liquid
membrane, ranging within 0.5-4.5 M, and the degree of
back extraction reaches 80% (Figure 7).

The extractability of the salts of quaternary phospho-
nium bases, if compared to ruthenium(1v), is higher in
hydrochloric solutions than the extractability of tertiary
amines and neutral phosphorous-organic compounds
[35]. When ruthenium(1v) is extracted from a newly
prepared solution containing mostly Ru,OCI{;, the
degree of extraction by 0.03 M Ph,PClI solution in 1.2-
dichloroethane is about 99.1%; there is practically no
back transport of ruthenium into 1 M HCI (the degree of
back extraction is about 3%).

The method of electrochemical back extraction as-
sures a reasonably high degree of ruthenium back
extraction from 0.02-0.05 M PhyPCl-based extracts.
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Fig. 7. Back extraction degree (M) and the value of ruthenium flow
(A) against the concentration of (Oct3NH),RuNOCIs in chamber ¢
(i=42Am>%t=1200s).

The character of the dependence on the extractant
concentration (Figure 2, run 3), on the current conduc-
tance time (Figure 4, run 4) and its density (Figure 5,
run 2) is similar to the curves obtained for Octy;NCI
(Figures 2, 3 and 4). When solutions of Ph,PCl >
0.05 M are used as extractants, the degree of ruthenium
back extraction (Figure 2, run 3) is 10-40% more than
for the same solutions of OctyNCI (Figure 2, runs 3, 4).
However, in electrochemical processes Ph,P™ cations
more easily go to the aqueous phase than the cations of
Oct,N" [37].

Several platinum metals can exist together in indus-
trial solutions [2, 7, 12]; and the Oct;NHCI solution in
1.2-dichloroethane extracts them all simultaneously. As
the direct current passes through the liquid membrane
containing Oct;NHCl with PtCL2-, PdCl}~ and
RuzOCI‘l‘a anions, these anions (about 90%) are trans-
ferred to the 1 M HCI solution in chamber d (Figures 8
and 9).

The electrochemical properties of the liquid mem-
branes on the base of tertiary amines and quaternary
ammonium bases were investigated in [(CgH;7);NH],-
PtClg and [(CgH;7)4N]PtCly compounds. The salts of
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Fig. 8. Back extraction degree (E) and the flow rate (j) of platinum
metals against time of the process (i =42 Am™% Cp =001 M;
Cpq = 0.007 M; Cg, = 0.005 M). (M) Pt, (®) Ru, (A) Pd, (&) Pt,
(k) Ru, (V) Pd.



100 B

=
o

j*10°/mol m’s’

El%

e * ]
0 2 4 6 8
ix10"/A m?

o
o
1
PR P IR SIS T
© = N W A OO N 0 ©

Fig. 9. Back extraction degree (E) and the flow rate (j) of platinum
metals against current density (Cp; = 0.01 M; Cpq = 0.007 M; Cry =
0.005 M). (W) Pt, (®) Ru, (A) Pd, (#) Pd, (*) Ru, (V) Pt.

platinum were precipitated as solid substances and
identified with reference to the results of element
analysis and electronic absorption spectra.

To obtain the voltametric characteristics, cyclic vol-
tametry was applied [38]. A 5x 107* M solution of
[(CsH7)3sNH],PtClg (Figure 10) or 1 x 10™* M solution
of [(CgH;7)4N]PtCly (Figure 11) in 1.2-dichloroethane
served as liquid membranes in the symmetrical system B,
with the concentration of HCI in chambers b and d
varying between 0.01-1.0 M (Figure 12).

The initial segments of the voltametric curves (Fig-
ure 10) are determined by the electrical conductivity of
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Fig. 10. Cyclic voltammetry of System B. Sweep rate 6 V s™'. Cycy in
chambers b and d: (O) 1.0 M; (A) 0.1 M; (<) 0.01 M. Liquid
membrane 5 x 10~ M solution [(CgH7)sNH],PtClg.
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Fig. 11. Cyclic voltammetry of System B. Sweep rate 6 V s™'. Cyy in
chambers b and d: () 1.0 M; (O) 0.1 M; (X) 0.01 M. Liquid membrane
1 x 10™* M solution [(CgH;7)sN]PtCle.

[(CsH7)sNH],PtClg salt in 1.2-dichloroethane and do
not depend on the HCI concentration in System B
chambers (Figure 12). As soon as the current density
reaches 82 A m ™2, virtually all platinum is transferred to
the aqueous phase of chamber d. Along with the back
extraction of PtCI2~, a partial deprotonization of
(CgH,7);sNH" occurs [39]. If the concentration of HCI
in chambers b and d of System B is low (0.01 M,
Figure 10, run 3), a drop in system conductivity is
related to the transfer of (CsH;7);sNH™ to the aqueous
phase of chamber b (Figure 12). As the concentration of
HCI increases (1.0 M, Figure 10, run 1), the conductiv-
ity, which is determined by the protonization of
(CgH17)sN and the formation of (CgH;7);NHCI salt,
increases.

The voltametric characteristics of the liquid mem-
brane with [(CgH;7)4N]PtCls (Figure 11) are slightly
different. These differences are mostly related to the
extractant behaviour in the electrochemical back extrac-
tion. The initial segments of the voltametric curves
(Figure 11), which are determined by the transport of
PtCI2~ anions from the organic phase to the aqueous
solution of chamber d (Figure 12), nearly match up.
This is confirmed by an experimental fact concerning the
independence of the degree of platinum metal back
extraction on the concentration of HCI in chambers b
and d (Figure 12). The increase in system conductivity is
caused by current transport by chloroions. Moreover,
these segments of the voltametric curves are determined
by the concentration of HCI in chamber b: the higher the
HCI concentration, the higher the time and the value of
the corresponding segment. After 1.0 M KCI solution is
added to 0.01 M HCI solution in chamber b (Figure 11,

(B)
a b c d f
Pt x, M liquid x, M Pt
0.5M Na,SO, |HCI membrane HCI 0.5 M Na,SO,
MK-40 I 1I MK-40

Fig. 12. Scheme of an electrochemical compartment for voltametric measurements (details in text).
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H CI
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Fig. 13. Scheme of electrochemical back extraction of PtCI2~ anions from the extracts on the base of Oct;NHCI in 1.2-dichloroethane.

run 3), the new voltametric curve is identical to curve 1
(Figure 11), which also confirms the conclusion on the
determining role of chloroions in the transport of
the current after completion of PtCIZ~ anion back
extraction.

A peculiarity of the salts of quaternary onium bases is
their relatively high solubility in water determined by
their high polarity [8, 9]. Therefore, the transfer of these
salts to the aqueous phase is possible in electrochemical
processes. The conductivity drop in System B, which
greatly depends on the concentration of HCl (Fig-
ure 11), is associated with a decreased [CgH;7)4N]Cl
concentration in the membrane due to the transfer of
(CgH7)4sN" into chamber b: the higher the HCI con-
centration, the smaller this transfer. So, to prevent the
escape of the salts of quaternary onium bases from the
membrane phase, it is appropriate to use 1 M HCI as
supporting electrolyte in the processes of platinum metal
electrochemical back extraction.

In industrial systems, where the extract of platinum
metals also containing water and a free extractant serves
as a liquid membrane, a significant excess of free
extractant can explain the comparatively small current
values in the organic phase. The chloroions of this
compound, which are constantly replenished due to the
transport of chloroions from chamber b through phase
interface I, suppress the migratory flow of platinum
metal ions through the liquid membrane/chamber d
phase interface (Systems A and B).

In light of the above, a scheme for platinum metal
back extraction under the influence of direct current has
been proposed (Figure 13).

4. Conclusion

The method proposed for the back extraction of
platinum metals from organic phases by certain anion-

exchange extragents falls into a new area of science and
engineering, namely, membrane technology [40]. One of
the most interesting techniques in this technology is the
implementation of a power-dependent active transport
of target components. In the current paper, the back
extraction of platinum metals into the solution of
diluted mineral acids is ensured by the imposition of a
steady-state electric field on a system containing a liquid
membrane. By varying the ratio of the current, the time
and the concentration of the extractant (Oct;NHCI,
OctyNCl, PhyPCl) during the extraction, an almost
complete extraction of small (0.01-0.02 M) amounts of
platinum(1v) and ruthenium(IV) into aqueous solutions
has been achieved. These solutions can be used for the
extraction of platinum metal without additional pro-
cessing. Based on the experimental data, a scheme for
membrane back extraction of platinum metals under
direct current has been proposed. This scheme not only
explains the phenomena, but also suggests some ways to
control the phenomena.

References

1. S.N. Ivanova, L.M. Gindin and L.Ya. Mironova, Izv. SO Akad.
Nauk USSR, Ser. Chim. 7 (1964) 35 (in Russian).

2. LM. Gindin, S.N. Ivanova, A.A. Mazurova, A.A. Vasilieva,
L.Ya. Mironova, A.P. Sokolov and P.P. Smirnov, Izv. SO Akad.
Nauk USSR, Ser. Chim. 2 (1967) 89 (in Russian).

3. K.A. Bolshakov, N.M. Sinitsyn, V.V. Borisov and S.M. Vaseneva,
J. Inorg. Chem. 16 (1971) 1968 (in Russian).

4. K.A. Bolshakov, N.M. Sinitsyn and T.M. Gorlova, Doklady Akad.
Nauk USSR 214 (1974) 97 (in Russian).

5. S.N. Ivanova, L.M. Gindin, A.P. Chernyaeva, A.S. Chernobrov
and N.N. Shaidurova, Izv. SO Akad. Nauk USSR, Ser. Chim. 14
(1978) 68 (in Russian).

6. M.J. Cleare, P. Charlesworth and D.J. Btyson, J.Chem. Tech.
Biotechnol. 29 (1979) 210.

7. L.M. Gindin and A.A. Vasilyeva, Izv. SO Akad. Nauk USSR, Ser.
Chim. 14 (1980) 55 (in Russian).



20.

21.

22.

23.

24.

. L.M. Gindin, ‘Processes of Extraction and their Application’

(Nauka Publishing House, Moscow, 1984), 144 pp. (in Russian).

. V.S. Schmidt, ‘Extraction by Amines’ (Atomizdat Publishing

House, Moscow, 1980), 264 pp. (in Russian).

. L.M. Gindin and S.N. Ivanova, Izv. SO Akad. Nauk USSR, Ser.

Chim. 14 (1980) 55 (in Russian).

. V.V. Tatarchuk, V.M. Paasonen, T.M. Korda and Yu.V. Shybin,

J. Inorg. Chem. 45 (2000) 732 (in Russian)

. L.M. Gindin, S.N. Ivanova, A.A. Mazurova and L.Ya. Mironova,

J. Inorg. Chem. 10 (1965) 502 (in Russian).

. V.F. Borbat and E.F. Kouba, ‘Processes of Liquid Extraction and

Chemabsorption’ (Chemistry
1966), 299 pp. (in Russian).

Publishing, Moscow-Leningrad,

. L.M. Gindin, S.N. Ivanova and A.P. Chernyaeva, Izv. SO Akad.

Nauk USSR, Ser. Chim. 2 (1973) 36 (in Russian).

. A.A. Bezzubenko, S.N. Ivanova and L.M. Gindin, Izv. SO Akad.

Nauk USSR, Ser. Chim. 14 (1978) 63 (in Russian).

. S.N. Ivanova, I.A. Druzhinina, G.I. Plotnikova, I1.G. Yudelevich

and T.M. Korda, Izv. SO Akad. Nauk USSR, Ser. Chim. 15 (1984)
86 (in Russian).

. S.N. Ivanova, O.N. Krapivnitskaya and I.A. Selezneva, Izv. SO

Akad. Nauk USSR, Ser. Chim. 4 (1982) 46 (in Russian).

. S.N. Ivanova, I.A. Druzhinina and A.V. Belyaev, J. Inorg. Chem.

28 (1983) 1261 (in Russian).

. K.A. Bolshakov, N.M. Sinitsyn, T.M. Buslaeva and E.B. Stepina,

Doklady Akad. Nauk USSR 232 (1977) 656 (in Russian).

K.A. Bolshakov, N.M. Sinitsyn, T.M. Buslaeva, L.V. Samarova
and P.I. Ukraintseva, Doklady Akad. Nauk USSR 286 (1986) 926
(in Russian).

S.N. Ivanova, L.M. Gindin and I.A. Selezneva, in Proceedings of
the XIth All-union Chernyaev Conference (Nauka Publishing,
Moscow, 1979), p. 31 (in Russian).

S.N. Ivanova, L.M. Gindin and V.N. Toloknova, Izv. SO Akad.
Nauk USSR, Ser. Chim. 14 (1969) 46 (in Russian).

V.E. Serga, L.D. Kulikova and A.N. Popov, Izv. Akad. Nauk
LatvSSR, Ser. Chim. 3 (1986) 676 (in Russian).

N.A. Dragavtseva and N.D. Biryukov, Izv. SO Akad. Nauk USSR,
Ser. Chim. 4 (1971) 111 (in Russian).

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

38.

39.

40.

109

S.A. Savintseva, N.A. Dragavtseva and N.D. Biryukov, Izv. SO
Akad. Nauk USSR, Ser. Chim. 2 (1973) 70 (in Russian).

N.F. Kizim and E.V. Pronin, in Proceedings Int. Solv. Ext. Conf.
ISEC’98 (Nauka Publishing, Moscow, 1998), p. 348.

L.D. Kulikova and V.P. Ose, Izv. Akad. Nauk LatvSSR, Ser.
Chim. 2 (1986) 214 (in Russian).

L.D. Kulikova, E.A. Tkacheva and B.A. Purin, Izv. Akad. Nauk
LatvSSR, Ser. Chim. 4 (1982) 387 (in Russian).

A. Weissberger, E. Proskauer, J. Riddick and E. Toops, ‘Organic
Diluents’ (Mir Publishing, Moscow, 1958), p. 520 (in Russian).
LI. Chernyayev (Ed.), ‘Synthesis of Complex Compounds of the
Platinum Metals, Guidebook’ (Nauka Publishing, Moscow, 1964),
p. 308 (in Russian).

K.A. Bolshakov, N.M. Sinitsyn, V.V. Borisov and V.I. Efanov,
‘Chemistry of the Process of Extraction’ (Nauka Publishing,
Moscow, 1972), p. 220 (in Russian).

S.Y. Ginzburg, N.A. Ezerskaya, 1.V. Prokofyeva, N.V. Fedo-
renko, V.I. Shlenskaya and N.K. Belsky, ‘Analytical Chemistry of
Platinum Metals’ (Nauka Publishing, Moscow, 1972), 616 pp. (in
Russian).

F. Bimish, ‘Analytical Chemistry of Noble Metals’, Part 2 (Mir
Publishing, Moscow, 1969), p. 162 (in Russian).

E.G. Chudinov, ‘Atomic Emission Analysis with Inductive Plas-
ma. Results of Science and Engineering’ (VINITI Publishing,
Moscow), VINITI. Ser. Analit. Chim. 2 (1990) 251 (in Russian).
N.M. Sinitsyn and V.V. Borisov, J. Inorg. Chem. 20 (1975) 199 (in
Russian).

N.M. Sinitsyn, O.E. Zvyagintsev and V.F. Travkin, J. Inorg.
Chem. 13 (1968) 2788 (in Russian).

. A.N. Popov and S.K. Timofeyeva, Izv. Akad. Nauk LatvSSR, Ser.

Chim. 6 (1983) 683 (in Russian).

A.N. Popov and S.K. Timofeyeva, Izv. Akad. Nauk LatvSSR, Ser.
Chim. 4 (1983) 406 (in Russian).

A.N. Popov and S.K. Timofeyeva, in Proceedings Int. Solv. Extr.
Conf. ISEC’88, Vol. 3, (Nauka Publishing, Moscow, 1988), p.
38.

N.A. Plate, Membranes in ‘Critical Technologies’, No. 1 (1999) 4
(in Russian).



