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ABSTRACT

A novel method is proposed for the extraction of microgram level concentration of platinum(lV) from
malonate medium with 4-(4-methoxybenzylideneimino)-5-methyl-4H-1,2,4-triazole-3-thiol(MBIMTT)
dissolved in chloroform as an extractant. The platinum (V) from the organic phase is stripped with water
and estimated spectrophotometrically with stannous chloride. The effect of acid, reagent concentration
and various foreign ions has been investigated. The method affords the binary separation and
determination of platinum (IV) from the alloys and synthetic mixture. The method is highly selective,
simple and reproducible.
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INTRODUCTION

Platinum is a good catalyst and in petroleum and chemical process. Platinum has wide application in
automotive exhaust-gas control converters and is of immense importance to the electronic industries as
well as used in jewelry. The increasing application of the platinum (IV) in the industrial process next to
their extremely scarcity due to their natural abundance and the complexity of the process used for its
extraction and refining, therefore it is of paramount importance in the development of separation method to
recover platinum metal.

Liquid-liquid extraction is one of the most efficient methods used to separate, concentrate and purify metal
ions and organic compounds [1-5]. The inertness of the chlorocomplex of platinum in aqueous medium
plays an important role in the extraction from acidic solution by an anion exchange mechanism. Other
extractants reported to extract the platinum (IV) are triphenyl phosphine [6], trioctylamine [7] N-benzyl
aniline[8], bis (2-ethylhexyl) hydrogen phosphate[9] Cg.o alkyl aniline hydrochloride [10], organoamono
phosphate [11] N-n-octylaniline [12] n-octylaniline [13] The methods reported are not so reliable for
routine application because these methods suffer due to the drawbacks such as operating condition
(emulsion formation leading to problem for the separation, slow equilibrium) and ionic exchanger, nature
of diluents, critical pH range etc.
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In present investigations, extraction behavior of platinum (IV) using 4-(4-methoxybenzylideneimino)-5-
methyl-4H-1, 2, 4-triazole-3-thiol(MBIMTT) dissolved in chloroform as an extractant presence of hydro
chloric acid media. MBIMTT has been employed successfully in this laboratory for the extraction of
Rh(I11), Ru (111) and Au(l11), Pd(11), Pt(1V), Ir(111) and Os(V111) [14-20].

MATERIALS AND METHODS

Equipments and reagents: 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 LI-
120(+0.01)

A stock solution of platinum (IV) was prepared by dissolving 1g of platinum (IV) chloride hydrate in
dilute AnalaR hydrochloric acid (1M) and diluting to 100mL with distilled water and further standardizing
it [21]. A working solution 100 ug mL™ was prepared from it by diluting the stock solution with distilled
water. The reagent MBIMTT was synthesized by known literature method [14]. MBIMTT (0.1M)
solution was prepared in chloroform.

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
measurements.

Recommended method: An aqueous solution containing 100 ug of platinum (IV) and sufficient quantity
of sodium malonate to make its concentration 1 M in a total volume of 25mL then the pH of the solution
adjusted to 1.0 using dilute hydrochloric acid and sodium hydroxide. The resulting solution was transferred
to 125 mL separating funnel. The aqueous phase was equilibrated once with 10 mL of 0.1M MBIMTT
solution in chloroform for 1 minute. The phase was allowed to separate and the metal from the organic
phase was stripped with two 10 mL portions of water. The extract was evaporated to moist dryness and
leached with dilute hydrochloric acid to form the solution. Platinum (IV) was estimated
spectrophotometrically by stannous chloride method [22].

RESULTS AND DISCUSSION

Effect of reagent concentration: The concentration of MBIMTT in chloroform was varied from the1x107
to 0.2M under optimum condition. It was found that 0.1M reagent in chloroform was needed for the
guantitative extraction of platinum(IV) from malonate acid.

Effect of equilibration time: Variation of the shaking period from 5 sec to 5 min showed that a minimum
30 sec equilibration time is adequate for quantitative extraction of platinum (IV) from malonate media. As
a general procedure, 1 min of equilibration time is recommended in order to ensure complete extraction of
platinum (1) malonate medium. Prolonged shaking up to 5 min has no adverse effect on the efficiency of
extraction.

Effect of diluents: Keeping all other variable constant, the platinum (IV) was extracted with MBIMTT
with various diluents. The extraction was quantitative in carbon tetrachloride, chloroform, xylene, toluene
and benzene. The extraction of platinum (IV) was found to be incomplete in isobutyl methyl ketone,
isoamylalcohol, 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 Dy versus log Cpveimrr at fixed sodium malonate concentration was found to be linear and
having slope of 1.24. Hence the probable composition of extracted species in chloroform has been found to
be 1:1, [Pt(IV): MBIMTT].

Loading capacity of MBIMTT: The concentration of platinum (V) was varied to determine the loading
capacity of MBIMTT. The loading capacity of 10 mL of 0.1 M MBIMTT was found to be 6.5 mg of
platinum (1V).

Effect of Diverse lons: Various ions were used in order to assess the tolerance of these ions on the
extraction of platinum (IV). Platinum (1V) was extracted in the presence of different diverse ions (Table 1).
The tolerance limit was set as the amount of foreign ions cause +2 % errors in recovery of platinum. The
results showed that in the extraction and determination 100 pg of the platinum, these ions did not interfere
at the level tested. The reproducibility of platinum extraction investigated from six replicate measurement
was found to be 99.00+ 0.95%.

Table 1: Effect of diverse ions on the extractive determination of platinum(1V)
Pt(IV) = 100 pg; Ag/Org = 25:10; extractant = 0.1 mol/dm® MBIMTT in Chloroform

Tolerance limit (mg) Foreign ion added

100 Fluride, Citrate, Oxalate, Acetate, EDTA,
Malonate, Bromide, lodide

20 Ca(l1), Ba(ll), Be(11), Mg(11), Fe(l1)

15 Mn(11), Fe(11), Cr(111), Co(ll)

10 Mo(VI), Sr(Il), Ti(IV), Ce(1V)

5 U(VI), Mn(VI1), Sb(111), Zn(11), Pb(II),
Hg(11), Ni(11), Sn(11), Cu(l1)

APPLICATIONS

Binary separation of platinum (IV) from base metals: The method allowed separation and
determination of platinum (IV) from a binary mixture containing either iron (111), cobalt (I1), nickel (I,
and copper (I1). The separation of platinum (IV) from iron (111), cobalt (1), nickel (11), and copper (I1) by
its extraction with 0.1M MBIMTT in chloroform. Under these condition all the base metals remain
guantitatively in the aqueous phase and these base metals determined spectrophotometrically with
thiocyanate[23], 1-nitroso-2 naphthol [23], DMG [23], and pyrimidine-2-thiol [24] respectively. Platinum
is stripped from the organic phase with two 10 mL portion of water. The extract was evaporated to moist
dryness and leached with 1M hydrochloric acid to form the solution. Platinum (IV) was estimated
spectrophotometrically with stannous chloride [21]. The recovery of platinum (V) and that added ions was
99.5 % and results are reported in table 2.

Table 2: Binary separation of platinum (IV) from iron (111), cobalt (I1), nickel (I1) and copper (I1)

Composition of Recovery* Relative Standard
Pt(1V) %

Metal ions, /ug Deviation %.

Pt(1V) 100; Fe(lll); 99.6 0.13

15000

Pt(1V), 100; Co(ll) 99.7 0.07

10000
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P(IV), 100; Ni(ll) 99.6 0.11
5000
P(1V), 100; Cu(Il) 99.8 0.13
5000

*-average f six determinations

Separation of platinum (IV) from multi-component synthetic mixture: In its natural occurrence
platinum is always associated with the noble and base metal, hence its separation from these metals is of
great importance. Under the optimum condition for extraction of platinum (IV), there is quantitative
extraction of Au (II1), Pd (Il) and Rh (lI1). But the co extracted metal ions cannot be back stripped by
water. Thus the MBIMTT reagent is made selective towards platinum (IV) by taking advantage of the
strippent used. The proposed method allows the selective separation and determination of platinum from
many metal ions (Table 3).
Table 3. Analysis of synthetic mixture

Composition (ug) Platinum Recovery*(%) | R.S.D.(%)
found?(ug)

Pt, 100; Pd,500 99.8 99.6 0.07
Pt, 100; Au,500 99.6 99.8 0.05
Pt, 100; Ru,500 99.4 99.7 0.07
Pt, 100; Rh,500 99.6 99.8 0.05
Pt, 100; Pd,500; Ru,500 99.5 99.9 0.06
Pt, 100; Pd,500; Au,500 99.6 99.7 0.06
Pt, 100; Pd,500; Rh,500 99.5 99.8 0.07
Pt, 100; Pd,500; Ru,500; Au, 500 99.4 99.7 0.08
Pt, 100; Pt,500; Rh,500; Au, 500 99.4 99.7 0.07
Pt, 100; Pd,200; Ru,200; Au, 200; 99.5 99.6 0.06
Rh(111),200;Fe,2000;Co, 2000; Ni, 2000; Cu, 2000

*- average six determination

Analysis of alloys: To ascertain the selectivity of the reagent the proposed method was successfully used
in the determination of platinum (IV) in alloys. The synthetic mixtures were prepared corresponding to the
composition of the alloys. The results of the analysis are reported in table 4. The average recovery of
platinum (1V) has been found to be 99.5 %.

Table 4: Analysis of alloys

Alloy Composition (%) Platinum taken | Platinum | Recovery R.S.D.
(ug ) found*

(ng ) (%) (%)
Solder alloy Pt, 10; Pd, 30; Au, 60 100 99.7 99.8 0.05
Oakay alloy Pt, 20; Pd, 10.5; Ni, 60; V, | 100 99.6 99.5 0.06

9.5

Alloy for electrical | Pt, 10; Pd, 35; Ag, 30; Cu, | 100 994 99.5 0.05
contacts 14; Au, 10; Zn, 1.0

*- average six determination
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CONCLUSIONS

These results underline the potential of the proposed method for the quantitative, selective extraction of
platinum (IV) with MBIMTT containing low concentration of palladium. It is free from interference from
the large number of diverse ions which are associated with platinum (IV) 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 (1 min). The method is applicable to the analysis of platinum (IV) in synthetic
mixtures and corresponding to alloys. The method is very simple, selective and reproducible.

ACKNOWLEDGEMENT

The author is grateful to UGC, New Delhi for their financial assistant and Principal, Milind College of
Science for providing facilities for research work and Professor M.K. Lande, Department of Chemistry,
Dr. B. A. M. University, Aurangabad for inspiring guidance.

REFERENCES

[1] A.K. De, S.M. Khopkar, R.A. Chalmers, Solvent Extraction of Metals: Van Norstand, New York
1970.

[2] H.Freiser, Some recent development in solvent extraction,Crit. Rev.Anal. Chem, 1970, 1, 14.

[3] Y.Marcusand, A.S. Kertes, lon Exchange and Solvent Extraction of MetalComplexes: Wiley, New
York 1996.

[4] G.H.Morrison, H. Freiser, Solvent extraction in Analytical Chemistry: Wiley, New York, 1957.

[5] Method of Chemical Analysis of Water and Waste: EPA-600/4-79-020, Environmental Protection
Agency, Research Triangle Park, 1983.

[6] B. Rozanska, Resonant X-ray emission spectroscopy of Platinum(ll) anticancer complexes, Analyst
1995, 120, 37. DOI: 10.1039/csan02490k

[7] H.Yoshizawa, K.Shiomori, S. Yamada, Y.Baba, Y.Kawano, K.Kondo, K.ljichi, Y.Hatate, Solvent
extraction of Platinum(lV) from aqueous acidic chloride medium, Solvent Extr. Res. Dev. Jpn.
1997, 4, 157.

[8] T.Ohara, S.Matsumoto, H.Yamamaoto, J. Y. Shibata Baba, Extraction of Au(lll), Pd(Il), Pt(IV) and
Rh(I11) with benzylaniline and their stripping behaviour, Solvent Extr. Res. Dev. Jpn, 1996, 3, 213.

[9] A.V.Sherikar, P. N.Phalke, P.M. Dhadke, Extraction of Platinum(IV) with 4-4(etoxybenzyamino)-5-
methyl 1,2,4 triozole 2 thiol, Bull. Chem. Soc. Jpn, 1997, 70, 805.

[10] V.G.Torgov, M.G. Demidova, T.M.Korda, N.K.Kalish, R.S. Shulman, Extraction-atomic absorption
spectrometric for the determination of the platinum group elements and gold in copper-nickel ores
using autoclave simple decomposition technique, Analyst 1995, 121, 489. (DOI:10.1039/AN
9962100489)

[11] K.Ohto, J.Nagata, S. Honda, K.Yoshizuka, K.Inoue Baba, Y. Solvent extraction of precious metals
with an organoamino phosphonate, Solvent Extr. lon Exch, 1997, 15,115. DOI:07366299708934469

[12] T.N. Lokhande, M. A. Anuse, M.B. Chavan, Extraction and separation studies of Pt(IV) with N-n-
octylaniline, Talanta, 1998, 47, 823-832.

[13] C. Youwei, S. Jinmin, Extraction and separation of noble metals with N-n-octylaniline, Guangpuxue
Yu Guangpu Fenxi, 1989, 9, 48.

[14] K. N. Vidhate, M.K. Lande, B.R. Arbad, Extraction and separation studies of Rhodium(Ill) with 4-
(4- methoxybenzylideneimino)-5-methyl-4H-1,2,4-triazole-3-thiol in hydrochloric acid, J.Ind. Chem.
Soc, May-2008, 1-3.

373
www. joac.info



Kaluram N.Vidhate Journal of Applicable Chemistry, 2016, 5(2):369-374

[15] K.N. Vidhate, L. S. Gadekar, M. K. Lande, B. R. Arbad, Extractive spectrophotometric determination
of ruthenium (111) with4-(4-methoxybenzylideneimino)-5-methyl-4H-1,2,4-triazole-3-thiol, J.Indian
Chem.Soc, 2008, 86, 109-112.

[16] K.N. Vidhate, P. Uzma, M. K. Lande, B. R. Arbad, Extraction and separation studies of Gold(llI)
with4-(4- methoxybenzylideneimino)-5-methyl-4H-1,2,4-triazole-3-thiol in hydrochloric acid, J.
Saudi chemical society, 2015,19(1), 54-58. DOI:10.1016/j.jscs.2011.12.018

[17] Kaluram N. Vidhate, Santosh S. Katkar, Balasaheb R. Arbad, Machhindra K. Lande, Extraction and
separation studies of Palladium(Il) with4-(4-methoxybenzylideneimino)-5-methyl-4H-1,2,4-triazole-
3-thiol in hydrochloric acid, Advances in Applied Science Research, 2012, 3 (2):713-7109.

[18] K.N.Vidhate, R.A.Waghmare, S.S. Katkar, M.K. Lande, Extraction and separation studies of
platimun (V) with4-(4-methoxybenzylideneimino)-5-methyl-4H-1,2,4-triazole-3-thiolin hydrochloric
acid, Advances in Applied Science Research, 2014, 5(6), 241.

[19] K.N.Vidhate, Extraction and separation studies of Iridium(l11) with4-(4-methoxybenzylideneimino)-
5-methyl-4H-1,2,4-triazole-3-thiol in hydrochloric acid, Advances in Applied Science Research, 2015,
6(7), 180.

[20] K.N. Vidhate, Liquid Anion Exchange chromatographic Extraction and Separation of osmium(VIII)
with  4-(4-methoxybenzylideneimino)-5-methyl-4H-1,2,4-triazole-3-thiol in  hydrochloric acid
medium, Chemical Science Transactions, 2016, 5(1), DOI:10.7598/cst2016.1156.

[21] F.E. Beamish, J.C. Van Loon, Analysis of noble metals: Overview and selected methods, Academic
Press INC, London 1977.

[22] E. B. Sandell, Colorimetric determination of traces of metals, 3rd Ed, Interscience, New York, 1965,
pp 503, 519, 702, 774, 781, 524.

[23] A.l. Vogel, A Text book of Quantitative Inorganic Analysis, 4th edn. ELBS, London, 1978, p. 474,
739, 741,747.

[24] S.R. Kuchekar, M.A. Anuse, M.B. Chavan, 1-(4’-chlorophyl) 4,4, 6 trimethyl 1-4 dihydropyrimidine-
2-thiol as an effective reagent for the spectrometric determination of copper after synergic extraction,
Indian J.Chem., 1986, 25A, 1041.

AUTHORS’ ADDRESSES

1. Dr.K.N. Vidhate
Assistant professor in Inorganic Chemistry, Department of Chemistry
Milind College of Science, Nagsenvana, Aurangabad, Maharashtra-431002, India
E-mail: knvidhate2@gmail.com, Mobile No. 09421051154

374
www. joac.info


mailto:knvidhate2@gmail.com

