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ABSTRACT: A novel method is proposed for the extraction of microgram level concentration of iridium(l11) from
malonate medium with 4-(4-methoxybenzylideneimino)-5-methyl-4H-1,2,4-triazole-3-thiol(MBIMTT) dissolved in
chloroform as an extractant. The iridium(l11) from the organic phase is stripped with 2 M hydrochloric acid and
determined spectrophotometrically with stannous chloride method. The method affords the binary separation and
determination of iridium(l11) from the alloys and synthetic mixture. The method is highly selective, simple and re-

producible
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INTRODUCTION: Iridium is a good catalyst organ-
ic transformation reaction. Owing to its corrosion
resistance properties and easy alloying, iridium and its
alloys are also used in chemical industry, medical
devices and jewelry manufacture. The platinum group
metals are scarce and have wide range of industrial
applications; therefore it is of paramount importance
in the development of separation method to recover
these metals to meet the future demand. The determi-
nation of iridium has always been difficult. Solvent
extraction has become an effective technique in the
recovery and separation of iridium **. The aqueous
chemistry of iridium is extremely complex. The im-
portant tendency of iridium is to form chlorocomplex
in chloride medium. Solvent extraction technique of
separation uses the difference in kinetic behavior for
the formation of extractable species as well as the
strength of electrostatic interactions of their
chlorocomplexes with liquid anion exchanger. The
inertness of the chlorocomplex of iridium in aqueous
medium plays an important role in the extraction from
acidic solution by an anion exchange mechanism.
Other extractants reported for iridium(lll) are
alamine-336°,  N-n-octyaniline®®, tri-octylamine
(TOA)®, 4-(non-5-yl)pyridine (NP). The methods
reported are not so reliable for routine application
because these methods suffer due to the drawbacks
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such as operating condition (emulsion formation lead-
ing to problem for the separation, slow equilibrium)
and ionic exchanger, nature of diluents, critical pH
range etc.

In present investigations, extraction behavior of iridi-
um(ll)  using  4-(4-methoxybenzylideneimino)-5-
methyl-4H-1,2,4-triazole-3-thiol(MBIMTT) dissolved
in chloroform as an extractant presence of malonate
media. MBIMTT has been employed successfully in
this laboratory for the extraction of Rh(Ill), Ru (1)
and Au(l11), Pd(11), Pt(IV) and Os(VIII) Y.

MATERIALS AND METHODS: A Shimadzu UV-
Visible spectrophotometer (UV-1601) with 1cm quartz
cells was used for measurement. pH measurements
were carried out with an Elico digital pH meter model
LI1-120(110.01)

A stock solution of iridium(l1l) was prepared by dis-
solving 1g of iridium chloride hydrate (S. D. Fine,
India) in dilute AnalaR hydrochloric acid (1mol/dm?)
and diluting to 100 ml with distilled water and further
standardizing it'’. A working solution 100 (/g ml™
was prepared from it by diluting the stock solution
with distilled water. The reagent MBIMTT synthe-
sized by known literature method **. MBIMTT (0.1
mol/dm?®) solution was prepared in chloroform.
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Other standard solutions of different metal ions used
to study the effect of foreign ions were prepared by
dissolving weighed quantities of respective salts in
distilled water or dilute hydrochloric acid. Solutions
of anions were prepared by dissolving the respective
alkali metal salts in distilled water. All the chemicals
used were of AR grade. Double distilled de-ionized
water was invariably used throughout the measure-
ments.

Recommended method: An aqueous solution con-
taining 100 (g of iridium(IIl) and sufficient quantity
of sodium malonate to make its concentration 1 M in
total volume of 25 mL, then the pH of solution adjust-
ed to 1.0 using hydrochloric acid and sodium hydrox-
ide. The resulting solution was transferred to 125 ml
separating funnel. The aqueous phase was equilibrated
once with 10 ml of 0.1 mol/dm®> MBIMTT solution in
chloroform for 30 second. The phase was allowed to
separate and the metal from the organic phase was
backstripped with two 10 ml portions of 2M hydro-
chloric acid solution. The extract was evaporated to
moist dryness and leached with dilute hydrochloric
acid to form the solution. Iridium(lll) was estimated
spelzgtrophotometrically with stannous chloride meth-
od™.

RESULTS AND DISCUSSION:

Effect of reagent concentration: The concentration
of MBIMTT in chloroform was varied from the 1 x
10®° — 2 M under optimum condition. It was found that
0.1 M reagent in chloroform was needed for quantita-
tive extraction of Ir(I11) from malonate medium.

Effect of equilibration time: Variation of the shaking
period from 5 seconds to 5 minutes showed that a
minimum 10 second equilibration time is adequate for
guantitative extraction of iridium(lll) from malonate
media. As a general procedure, 30 second of equilibra-
tion time is recommended in order to ensure complete
extraction of iridium(lll) malonate medium. Pro-
longed shaking up to 5 minutes has no adverse effect
on the efficiency of extraction.

Effect of diluents: Keeping all other variable con-
stant, the Ir(l1ll) was extracted with MBIMTT with
various diluents. MBIMTT solution in carbon tetra-
chloride, chloroform, xylene, toluene and benzene
provides quantitative extraction of iridium(lll). The
extraction of iridium(l11) was found to be incomplete
in isobutyl methyl ketone, isoamylalcohol, while no
extraction in n-butanol and 4-methyl-2-pentanol.
Chloroform is recommended for further extraction
procedure because it offers better phase separation.
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Nature of extracted species: The composition of
complex was confirmed by using log D- log C plot.
The graph log Dyuy versus log Cpveivrr at sodium
malonate concentration was to be found linear and
having slope of 1.27. Hence the probable composition
of extracted species in chloroform has been found to
be 1:1, [Ir(11): MBIMTT].

Loading capacity of MBIMTT: The concentration of
Iridium(I1l) was varied to determining the loading
capacity of MBIMTT. The loading capacity of 10 mL
of 0.1 M MBIMTT was found to be 6.5 mg of Iridi-
um(l11).

Effect of Diverse lons: Various ions were used in
order to assess the tolerance of these ions on the ex-
traction of iridium(l1). Iridium(lll) was extracted in
the presence of different diverse ions (Table 1). The
tolerance limit was set as the amount of foreign ions
cause [12 [J errors in recovery of Iridium. The results
showed that in the extraction and determination 100
[lg of the iridium, these ions did not interfere at the
level tested. The reproducibility of iridium extraction
investigated from six replicate measurement was
found to be 99.0017 0.95(1.

Table: 1 Effect of diverse ions on the extractive
determination of iridium(l11) Ir(111) = 100 [g;
HCI; Ag/Org = 25:10; extractant=0.1 M
MBIMTT in Chloroform.

Tolerance limit Foreign ion added
(mg)
Fluride, Citrate, Oxalate, Acetate,
100 EDTA,
Malonate, Bromide, lodide
20 Ca(ll), Ba(ll), Be(l1), Mg(lI),
Fe(I11)
15 Mn(11), Fe(11), Cr(111), Co(l1)
10 Mo(V1), Sr(1l), Ti(1V), Ce(1V)
5 U(VI), Mn(VII), Sh(1ll), Zn(l1),
Pb(I),
Hg(11), Ni(11), Sn(l1), Cu(l1)

APPLICATIONS:

Binary separation of iridium(l11) from base met-
als: The method allowed separation and determination
of iridium(lI11) from a binary mixture containing either
iron (1), cobalt(ll), nickel(ll), and copper(ll). The
separation of iridium(lI1) from iron(Ill), cobalt(ll),
nickel(ll), and copper(ll) by its extraction with 0.1
mol/dm® MBIMTT in chloroform. Under these condi-
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tion all the base metals remain quantitatively in the
aqueous phase and these base metals determined
spectrophotometrically with thiocyanate®, 1-nitroso-2
naphthol'®, DMG™, and pyrimidine-2-thiol % respec-
tively. Iridium is stripped from the organic phase with
two 10 ml portion of 2 M HCI. The extract was evapo-
rated to moist dryness and leached with 1
mol/dm°hydrochloric acid to form the solution. Iridi-
um(lll) was estimated spectrophotometrically with
stannous chloride method™. The recovery of iridi-
um(l1) and that added ions was 99.61 and results are
reported in Table 2.

Table 2: Binary separation of iridium(I11) from
iron(111), cobalt(11), nickel(11) and copper(Il).

Recovery* | Relative Stand-
Pd(ll) ard
%

Composition of

Metal ions, /ug Deviation(%o).

Ir(11) 100; Fe(IlI); 99.6 0.13
15000

Ir(111), 200; Co(Ily 99.7 0.07
10000

Ir(I11), 100; Ni(Iy 99.6 0.11
5000

Ir(111), 200; Cu(ly 99.8 013

5000
*-average f six determinations

Separation of iridium(l11) from multicomponent
synthetic mixture: In its natural occurrence iridium is
always associated with the noble and base metals;
hence its separation from these metals is of great im-
portance. Under the optimum condition for extraction
of iridium(lll), there is quantitative extraction of
Pd(ll), Pt(IV) and Rh(lIl). But the coextracted metal
ions cannot be backstripped by 2 M hydochloric acid
solution. Thus the MBIMTT reagent is made selective
towards Iridium(lll) by taking advantage of the
strippent used. The proposed method allows the selec-
tive separation and determination of iridium from
many metal ions (Table 3).

Analysis of alloys: To ascertain the selectivity of the
reagent the proposed method was successfully used in
the determination of iridium(l1l) in alloys. The real
samples were not available; hence the synthetic mix-
tures were prepared corresponding to the composition
of alloy. The results of the analysis are reported in
Table 4. The average recovery of iridium(l11) has been
found to be 99.5(1.
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Table 3: Analysis of Synthetic Mixtures.

L Iridium
Composition found® Recovery R.S.D.
%)* %
(19) (1) (%) (%)
Ir, 100; Pt,500 99.7 99.4 0.05
Ir 100; Pd,500 99.4 99.8 0.07
Ir, 100; Ru,500 99.7 99.8 0.07
Ir100; Rh,500 99.6 99.6 0.05
Ir, 100; Pt,500;
RU.500 99.7 99.7 0.06
Ir, 100; Pt,500;
Pd.500 99.6 99.6 0.07
Ir, 100; Pt,500;
Rh.500 99.5 99.5 0.07
Ir, 100; Pt,500;
Ru,500; Pd, 500 99.8 99.8 0.05
Ir, 100; Pt,500;
Rh,500; Pd, 500 99.5 99.5 0.06
Ir, 100; Pt,200;
Ru,200; Pd, 200 | 992 99.2 0.07
*- average six determination
Table 4: Analysis of Alloys.
Composition | Iridium| Iridi- Recovery
Alloys of amy | umay | (@)
Taken
Alloys found b
| () y
% proposed
method*
(19)
. i) Pt, 90; Ir, |10
Platinum- 10 0 99.7 99.5
iridium
alloy
i) Pt, 70; Ir, |10
30 0 99.6 99.7
) 10
Copper- | Cu, 8; Ir, 92 0 99.5 99.6
iridium
alloy

CONCLUSION: These results underline the potential
of the proposed method for the quantitative, selective
extraction of iridium(ll1) with MBIMTT containing
low concentration of iridium. It is free from interfer-
ence from the large number of diverse ions which are
associated with iridium(lI1) in its natural occurrence.
The important features of this method are low reagent
concentration is required, and the time required for the
equilibrium is very short (30 seconds).The method is
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effective to determine and separate the iridium content
from the catalyst. The method is applicable to the
analysis of iridium(l1l) in synthetic mixtures and cor-
responding to alloys. The method is very simple, se-
lective and reproducible.

REFERENCES:

1.

2.

10.

11.

Beamish F. B. (1966) The analytical chemistry of
noble metals, Pergamon, Oxford 144.

Beamish F. B. and Van Loon J. C. (1972) Recent
advances in the analytical chemistry of the noble
metals, Pergamon, Oxford 57.

Ginsburg S. I., Ezerskaya N. A., Prokofyeva I. V.,
Fedorenko N. V., Shlenskaya (1975) Analytical
chemistry of platinum metals, Keter, Jerusalem
122,127.

Al Bazi S. J.,, Chow A. (1984) platinum metals-
solution chemistry and separation method, lon ex-
change and solvent Extraction, Vol 8 New York.
Kedari S., Coll M. T., Fortuny A., Goralska E.,
Sastre AM, (2005) liquid liquid extraction of Irid-
ium, Ruthenium and Rhodium from chloride solu-
tions and their separations using different com-
mercially available solvent extraction reagent,
Sep. Sci Technol, 40, 9 1927.

Kolekar S. S., Anuse M. A. (2002) Solvent ex-
traction of Iridium(l1l) from Rhodium(I1l) by N-
n-octylaniline, J. Anal. Chem., 57, 1071.
Gaikwad A., Jagatap S., Suryavanshi V., Kolekar
S, Anuse M (2013), liquid liquid extraction of
Iridium(111) from malonate media using liquid an-
ion exchanger, International J. of Analytical and
Bioanalytiacal chemistry, , 3(1), 42.

Fedoseev 1. V. (2009) Solvent extraction of Iridi-
um(lil) from Rhodium(lll) by N-n-octylaniline,
Tsvetnye Metally, (Moscow, Russian Federation),
10, 24.

Konstanski M. T., Freiser H., (1991) Extarction
of Rhodium and iridium with  4-(non-
5yl)pyridine, Anal. Chim.Acta, 242, 191.

Seregina I. F., Bukhbinder G. L., Shabanova L.
N., Gilbert E. N. Petrukhin O. M., Zolotova Yu A.
(1986) Determination of platinum metals by ex-
traction and inductive coupled plasma atomic ab-
sorption spectrometry,Zh, Anal, Khim, 41,861.
Vidhate K. N., Lande M. K., Arbad B. R., (2008)
Extraction and separation studies rhodium(lll)

_—

A

)

E RESEARCH CO

12.

13.

14.

15.

16.

17.

18.

19.

20.

J. Biol. Chem. Chron. 2019, 5(3), 100-103 (Special Issue: ETCMS-2019)

with 4-(4-methylbenzylidenemino)-5-methyl-4H-
1,2,4-triazole-3 thiol in hydrochloric acid medi-
um, J.Indian Chem.Soc, , 85, 536-538.

Vidhate K. N. , Gadekar L. S., Lande M. K.,
Arbad B. R., (2008) Extractive spectrophotomet-
ric determination of ruthenium(lll) with 4-(4-
methylbenzylidenemino)-5-methyl-4H- 1,2,4-
triazole-3 thiol, J.Indian Chem.Soc, , 86, 109-112.
Vidhate K. N., Uzma P., Lande M. K., Arbad B.
R. (2015) Extraction and separation studies
Gold(l11) with 4-(4-methylbenzylidenemino)-5-
methyl-4H- 1,2 4-triazole-3 thiol in hydrochloric
acid medium, J. Saudi chemical society, 19(1),
54.

Vidhate K. N., Lande M. K., Arbad B. R., (2012)
Extraction and separation studies palladium(li)
using  4-(4-methylbenzylidenemino)-5-methyl-
4H- 1,2,4-triazole-3 thiol in hydrochloric acid
medium, Advances in Applied Science Research,
3(2), 713.

Vidhate K. N., Waghmare R. A., Katkar S. S.,
Lande M. K. (2014) Extraction and separation
studies platinum(1V) with 4-(4-
methylbenzylidenemino)-5-methyl-4H- 1,2,4-
triazole-3 thiol in hydrochloric acid medium, Ad-
vances in Applied Science Research, , 5(6), 241.
Vidhate K. N. (2016), Liquid Anion exchange
Chromatographic extraction and separation of
Osmium(VIII) with 4-(4-
methylbenzylidenemino)-5-methyl-4H- 1,2,4-
triazole-3 thiol in hydrochloric acid medium,
Chemical science transaction, 5(1), 103-108
Beamish F. E., Van Loon J. C. (1977) Analysis of
noble metals: Overview and selected methods,
Academic Press INC, London.

Sandell E. B. (1965) Colorimetric deterination of
traces of metals, 3rd Ed. Interscience, New York,
pp 503, 519, 702, 774, 781, 524.

Vogel A. 1. (1978) A Text book of Quantitative
Inorganic Analysis, 4th edn. ELBS, London, p.
474,739, 741,747.

Kuchekar S. R. Anuse M. A. Chavan M. B.
(1986) 1-4 chlorophenyl 446 trimetyhl (1H 4H) 2
pyrimidinethiol as an effective reagent for deter-
mination of copper after synergic extraction anal-
ysis of alloys, plants and drug, Indian J.Chem.,
25A, 1041.

103




