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Uzma parveen K. Shaikh, Machhindra K. lande and Balsaheb R. Arbad*

Department of Chemistry, Dr. Babasaheb Ambedkarathavada University, Aurangabad, M.S, India

ABSTRACT

Investigation was made on the extraction and spetintometric determination of microgram
level of Rhodium (lll) with a newly synthesizedramtant 4-(4-ethoxybenzylideneamino)-5-
methyl-4H-1, 2, 4-triazole-3-thiol (EBIMTT) in chédorm from sodium malonate medium. The
optimum conditions have been determined by makiegt&al study of acid, metal ion and
extractant concentration, period of equilibratiqrtl, various diluents and stripping agents. The
effect of diverse ions on the quantitative ext@ctf Rhodium(lll) has also been studied. The
method is simple, rapid, reproducible, and freerfrmterference of almost all metal ions tested.
The proposed method is applicable for the analgElsinary mixtures, synthetic mixtures, alloys
and real samples. The molar absorptivity and Sdisdsknsitivity of Rhodium (l1)-EBIMTT
complex are (1.6x1DL mol* cmi®) and (0.054ug cif), respectively which indicates the
applicability of the method.
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INTRODUCTION

At present there is growing demand of platinumugraenetals, the name platinum group metals
include the six elements: Ruthenium, Rhodium, Riati, Palladium, Osmium, and Iridium. In
the past few decades these metals have found nelicamns outside the jewellery and
decorative industries due to its excellent physiaal chemical properties and are used
extensively for electronic devicesatalysis in the chemical and petroleum refinindustries,
glass industries, pharmaceutical industries et@dRim is one of the most expensive platinum
group metal and is indispensable for automotivalgtit converters. However, given that natural
deposits of noble metals are limited, it is essgmdi recover PGMs from secondary sources (e.g.
electronic scrap, petrochemical catalysts, andraotive catalysts).
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Though several sophisticated techniques are irffarshe determination of trace and ultra trace

guantities of Rhodium, spectrometric techniqud btils the advantage in respect to simplicity
and low operating costs but suffers due to mafifiecés. Hence separation and preconcentration
of trace level quantities of Rhodium is necessargrgo actual quantitative analysis. Several

extraction procedures are available for this pugposwever most of these are time consuming
and costly, however liquid-liquid extraction tectme is one of the most suitable, selective,
efficient, and powerful technique for the separatod purification of platinum group metals[1].

A variety of extractants like, tributyl phoshate[2his-(2-ethylhexyl) phosphoric acid[3],
Alamine336[4],BMMT[5],HMAINHI[6] have been testedrftiquid-liquid extraction of platinum
group metals. In comparison to these Nitrogen-sulpbontaining Schiff bases showed
promising effects in the field of analytical chetnysfor the separation and estimation of
platinum group metals[7]. Rhodium being a softdadan be selectively extracted with soft
donor base extractants containing ‘N’ or ‘S’ atorBased upon this presumption, several
extractants, namely, N,N-Dialkyl-Nbenzoylthioureas[8], Kelex 100[9], dioctyl sulpbg]10],
trialkylphosphinesulphide[11], have been studieds®d for the extraction of Rhodium (lII). We
have synthesised a new ligand of the class Scagés, namely, 4-(4-ethoxybenzylideneamino)-
5-methyl-4H-1,2 4-triazole-3-thiol (EBIMTT) and shed for its extraction behavior for
Rhodium (lIl) in real samples, synthetic mixtureslalloys.

Thus, the objective of the present article is ttraet the trace amount of Rhodium (IIl) with a
newly synthesized ligand from sodium malonate me#ifforts have been made to recover
Rhodium (lll) from real samples, synthetic mixtur@sd alloys. Moreover, the effect of acid
concentration, reagent concentration, effect oktifghaking period), diluents, stripping agent
and divers ions on Rhodium (lll) extraction ha®disen studied.

MATERIALS AND METHODS

Instruments and Chemicals

A Jasco V-530 UV-Vis spectrophotometer with 1 cmartm cells was used for absorbance
measurement and pH measurements were carried tuawiElico digital pH meter model LI-
120 (x 0.01). All the chemicals used were of anedytgrade. Double distilled water was
invariably used throughout the measurements. Akssotution of Rhodium (Ill) was prepared
by dissolving 1g of Rhodium chloride hydrate inut analytical reagent grade hydrochloric
acid (1M) diluted to 100 ml with distilled water érstandardized gravimetrically (Furman,
1963). A working solution of 20Qg ml™ of Rhodium (Ill) was prepared by diluting the stock
solution with distilled water. Other standard swlos of different metal ions used to study the
effect of foreign ions were prepared by dissolvingighed quantities of respective salts in
distilled water or dilute hydrochloric acid. EBIMTWas synthesized by taking the equimolar
concentration of 3-ethyl- 4-amino-5-mercapto-1, £friazole[12,13] and 0.02 mole of
ethoxybenzaldehyde in 50 ml alcohol containing &drof glacial acetic acid and was refluxed
for 3-4 h. The product obtained was separated acnystallized from hot ethanol as pale yellow
shiny needles (m.p.17C). The purity of compound was monitored using\MR, FT-IR and
Mass spectra. HNMR (CDCk) &: 2.12 (5H,s,-@Hs), 6.8 (2H,d] 8 Hz, aromatic protons), 7.5
(2H,d,) 8 Hz, aromatic protons), 8.1(1H,s,-CH), 3.08 (1HS#). IR (cnt): 2885(CH), 1600(
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C=N) and 754 fory C=S). Mass m/e262.09 (100.0%) (M), and its solution (0.1M) was
prepared in chloroform.

Recommended method

An aqueous solution containing 2@PRhodium(lll) mixed with a sufficient quantity ebdium
malonate (0.2 g) to make its concentration 0.03nM itotal volume of 25 ml of the solution.
Then the pH of the solution was adjusted to 1.0\gudilute hydrochloric acid and sodium
hydroxide. The solution was transferred into a fiseparating funnel and shaken with 10 ml
of 0.1M EBIMTT in chloroform for just 30 seconds.fté&r equilibration, the mixture was
allowed to separate and the metal was stripped th@rorganic phase with two 10 ml portions
of 1M hydrochloric acid solution. The extracts weneaporated to moist dryness. The residue
was dissolved in minimum amount of 1M hydrochlodcid and rhodium was determined
spectrophotometrically by stannous chloride metliddl.

RESULTS AND DISCUSSION

Effect of acidity

The extraction of Rh(lll) was carried out from eifént organic acids such as sodium salts of
malonic acid, salicylic acid, tartaric acid, acetid. Quantitative results were obtained in the
sodium malonate medium (0.03M) at the pH 1.0. Wimleartaric acid, salicylic acid and acetic
acid very less extraction was found. Hence thewnodsalt of malonic acid is used for further
studies.

Effect of diluents

The extractions were performed from malonate mediaimg 0.1M EBIMTT in various solvents
as diluents. It was found that 0.1M EBIMTT solutiom carbon tetrachloride, chloroform,
xylene, toluene and benzene provides quantitattsaetion of rhodium(lll) .The extraction of
rhodium(lll) was found to be incomplete in isobutylethyl ketone, isoamylalcohol and n-
butanol. Chloroform is recommended for further agtion procedure because it offers better
phase separation, and doesn’t form emulsion airtieeof extraction.

Effect of concentration of extractant (EBIMTT)

In order to optimise the conditions for extractioh Rhodium (lIl), chloroform solutions of
EBIMTT with varying concentration (0.01- 0.20 M) meeemployed. It was found that 10 ml of
0.06 M EBIMTT was sufficient for quantitative extteon of 20@g Rhodium (lll) from
malonate media, but in recommended procedure O.EBMTT in chloroform was used to
ensure the complete extraction of metal ion. Thes no adverse effect if one can use excess of
extractant. However, a decrease in concentrati@xwéctant resulted in lower distribution ratio,
D values for Rhodium (ll1) that is less extractidhig: 1)

Effect of Time on Extraction

The effect of time was observed on the system fpergod of 5s to 30min (hand shaking) the
extraction was found quantitative over the peritmsyer than 10 seconds. But to ensure the
complete extraction of Rhodium (Ill) 1 min equikibion time was recommended. However, a
prolonged shaking period doesn’t have any advdfseet@n the extraction.
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Effect of Stripping Agents

Stripping is the reverse of extraction, so it sdobe promoted by those factors that affect
extraction negatively, such as acidic and salt medikalies were unsuccessful because the
anion complex adhered in the organic medium unttese conditions. The stripping percentage
was calculated relative to the initial amount obdlum (lll) in the loaded organic solutions.
Rhodium (I1I) was stripped with different strippimgents such as mineral acids, bases, and salts
after its extraction. The stripping of Rhodium Mas quantitative with 1M hydrochloric acid.
The stripping was found to be incomplete with gitacid (60%), sulphuric acid (40%), and with
sodium chloride (20%), whereas Rhodium (lll) wast stripped with ammonia, sodium
hydroxide and water.

Effect of divers ions

Rhodium (lll) was extracted in the presence of rgdanumber of foreign cations and anions
(Tablel). The tolerance was set at the amounteofdteign ion that could be present to give an
error less than £ 2% in the recovery of Rhodiun).(IThe results showed that in the extraction
and determination 2Q@ ml* of the Rhodium (Ill), these ions has no significaffect. The
reproducibility of Rhodium (lll) extraction invegated from six replicate measurements.

APPLICATION

Binary separation of Rhodium (lIl) from iron (Ill), cobalt (Il), nickel (II) and copper (I1)

The method allowed separation and determinatiorRloddium (Ill) from a binary mixture
containing either iron (lIl), cobalt (II), nickellly and copper (Il). In a typical experiment,
solution containing 2Q@ of Rhodium (lll) was taken and known amounts thieo metals were
added. Rhodium (lIl) was estimated spectrophotaoaly by stannous chloride method. The
recovery of Rhodium (lll) and that added ions w8$% and results are reported in (Table 2).

Analysis of synthetic mixtures

The separation of Rhodium (lll) from other platingroup metals that is platinum, palladium
and gold was carried out by taking advantage dewhifices in their optimum extraction and
stripping conditions. The proposed method was ssfoly used in the determination of
Rhodium (lll) from different synthetic mixtures (Bl@: 3). A solution containing 20Q of
Rhodium (Ill) was taken and known amount of othestais were added. Under the optimum
extraction conditions of Rhodium (lll), there isgaantitative extraction of Pd (ll), Pt(1V), Ru
(1M and Au(lll) but the co-extracted metal ions cannot be bacggsd by 1M hydrochloric acid
solution. Thus, the reagent (EBIMTT) is made séectowards Rhodium (lll) by taking an
advantage of the stripant used.

Analysis of alloys

To ascertain the selectivity of the reagent, the psedomethod was successfully used in the
determination of Rhodium (1) in alloys. The syatit mixtures were prepared corresponding to
the composition of alloy. The results of the aniglyare reported in (Table 4). The average
recovery of Rhodium (lll) was 99.5%.
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Table: 1 Effect of various diverse ions on percenge extraction of 20@ug of Rh(lll) from hydrochloric acid

with 0.1M EBIMTT in chloroform.

Diverse ions added

Amount tolerated (mg)

Pd" 0.5
Au ptV 1
Zn 1] MOVI Cd” Hgll Pbll NI T Sn” CU Mla SbITI 5
Mn " ST 10
Fe"Bi"Ca"Mg"Be"Ba" 20
Acetate, Bromid, lodide, EDT 10C

Table: 2 Binary separation of Rh(lll) from iron(lll ), cobalt(Il), nickel(ll) and copper(ll)

Composition of metal ions, Recovery Relative standard Recovery added metal Relative standard
(ng) Rh(lIl) (%) deviation (%) ions’ (%) deviation (%)
Rh(11),100, Fe(lll); 15001 99.4 0.1f 99.7 0.07
Rh(I1),100, Co(ll); 10000 99.5 0.19 99.6 0.13
Rh(11),100,Cu(ll); 500( 99.€ 0.2¢ 99. 0.1€
Rh (11),100,Ni(ll); 5000 99.5 0.17 99.6 0.19

*Average of six determination.

Table: 3 Analysis of synthetic mixture

. Rhodium * (0 Relative standard
Composition found(ug) Recovery* (%) deviation (%)
Rh(100+Pd(500 99.¢ 99.€ 0.07
Rh(100)+Au(500) 99.6 99.8 0.05
Rh(100+Pt(500 99. 99.7 0.07
Rh(100)+Ru(500) 99.6 99.8 0.05
Rh(100)+Pd(500)+Ru(20( 99. 99.¢ 0.0€
Rh(100+Pd(500)+Au(20( 99. 99.7 0.07
Rh(100)+Pt(500)+Au(200) 99.4 99.7 0.07
Rh(100+Pt(500)+Pd(200)+Au(20 99. 99.€ 0.0€
Rh(100)+Pt(200)+Pd(200)+Ru(200)
+Au(200)+Co(20C 99.4 99.7 0.07
*Average of six determination.
120 -
100 < ¢ L 4
80
% Extraction ©0
40
20
0 T T 1
0 0.1 0.3 0.4
Concentration of EBIMTT,mol/L

Figl. Extraction of Rhodium (Ill) as a function of EBIMTT concentration
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Table: 4 Analysis of alloys

. Amount of Rhodium (l11) o
Alloy Composition was found by proposed metho R.S.D (%)
Platinum-Rhodium for thermocouple wire Pt,87: Rh,13 12.9% 0.76
Palladiun-Rhodium allo Pd,90: Rh,1 9.78% 0.8¢
EtO

CH,

/N\/<
N\N
)§/

N

Fig 2. Structure of 4-(4-ethoxybenzylideneamino)-5-methyl4H - 1,2 4-triazole -3-thiol(EBIMTT).
CONCLUSION

The present work points out that the synthesizethetant (EBIMTT) shows a good potential
for the extraction of Rhodium (lll) from sodium rakte media. The extraction time is short
just 30 seconds and the extractant presents algadihg capacity and reusable. The proposed
method is used for rapid and selective separatidghodium (Ill) from associated ions in their
binary mixtures, synthetic mixtures and alloys.
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