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ABSTRACT

A simple, rapid and sensitive reversed phase chromatographic method was
developed for separation of trivalent iridium using N-n-octylaniline (a
liquid anion exchanger) coated on silicagel asagtationery phase. Iridium(l11)
was quantitatively extracted from 1.0 M hydrochloric acid, stripped with 2.0
M hydrochloric acid and determined by spectrophtometric method. Differ-
ent parameter viz effect of hydrochloric acid concentration, N-n-octylaniline
concentration and flow rate of mobile phase was studied. The method was
applied for separation of iridium(l11) from alloys and multicomponent
mixtures. Method wasfree from large number of interferencesfrom cations
and anions. The nature of extracted species deduced by log-log plot of
distribution ratio versus N-n-octylaniline concentration indicates that
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probable extracted speciesis[RR’NH,*. IrCl, ]
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INTRODUCTION

Theabundanceof iridiumin earth’scrust isonly
0.001 ppm. Itismost commonly used with platinumto
impart additional corrosion resistance. Iridium, itsal-
loys and complexes haswiderange of application as
catalyst, multipored spinters, balances, air craft engine
parts, direct-ignition engineandflat pand displays. Due
towiderangeof gpplication and traceamount of abun-
danceof iridium thereisaneed to devel op amore ac-
curate, reliableand precise method for itsseparationis
of great importance.

Reversed phase extraction chromatography was
used for separation of non volatile noblemetal using
Bu3PO4! treated porasil C column. Inacolumn plati-
num andiridium eluted with 0.1 M hydrochloric acid.

These metal swere separated on screed column using
reducing condition. Iridium was separated from gold
using tri-n-octylamine salti? coated on silicain hydro-
chloric acid medium. Inamethod iridium was el uted
using5.0 M nitricacid. Amberlite LA-1 hydrochloride?®
impregnated on paper was used for quantitative chro-
matographic andysisof platinum metalsand gold. De-
velopment of paper was carried out using 6.0 M
hydrochloric acid. Platinum, paladium andiridiumwas
separated usingion chromatography. The separation of
platinum(1V), palladium(ll) chlorocomplex was
achieved fromiridium(lV) and base metalsby cation
exchange. Iridium(IV) wasd uted usng mixtureof 4.0
M hydrochloric acid and 0.015 M sodium perchlorate
after reduction with hydroxylamine hydrochl oride“.
DEAE-celluloseand ECTEOLA-cellulose® ion ex-
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changer was used for thinlayer chromatographic sepa
ration of rhodium(I11), iridium(l11) andiridium(IV) by
using 5.0M hydrochloricacid. Rhodiumandiridium
was separated using diethyl amino ethyl cellulosd® an-
ion exchanger in chlorideform by thinlayer chromato-
graphic plat and devel oped using 2.0 N sulphuric acid.
Aliquot 336! was used for solvent extraction of iri-
dium in hydrochloric acid medium and was stripped
withammonia

Theuseof n-octylanilinein theextraction of noble
metals was described in number of paperd®*y. n-
Octylanilineintoluenewas used asan extractant for
iridium(111), but method requires prior separation of base
metal§¥. Theextraction of iridium(l11) wascarried out
from 3.0 M hydrochloric acidinn-octylanilinein di-
isobutylketone (DIBK) and then determined by
AAS®9 but method suffersfrom interference from
base metals. Iridium(I11) was a so extracted from n-
octylanilinein di-isobutylketone (DIBK) from 3.0 M
hydrochloric acid solution™. Literaturesurvey reveled
that some of existing methods have drawbacks asthe
useof n-octylanilinein the extraction of noble metals
was described in the literature-13, The comparison
can be made of themeritsof N-n-octylanilinerelative
to n-octylanilineas an extractant for noblemetal. The
extraction depends upon method of preparation of the
reagent. Some of the drawbacks of the method are
emulsion formation, requirement of moreelutiontime
(30 min), higher reagent concentration and the need of
multipleextractions. Reversed phase extraction chro-
matography isan extremely versatiletechniqueand has
been gpplied successfully for separation of variousmet-
alg*+18, N-n-octylanilinewas used for sol vent extrac-
tion of various metal 24,

Inour laboratory N-n-octylanilinewas used for ex-
traction chromatographic separation of paladium(11)2.
In continuationto our previouswork ded swith extrac-
tion of iridium(l11) from hydrochloric acid mediawith
N-n-octlaniline (liquid anion exchanger) coated onsilica
gel asastationary phase was devel oped.

EXPERIMENTAL

Apparatus: An Elico spectrophotometer model SL-
159 with 10 mm path length quartz cell was used for
absorbance measurements.
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Reagents: A stock solution of iridium(l11) was pre-
pared by dissolving 1.0giridiumtrichloride(IrCl .H,O)
(Loba Chem. Laboratoriesandfinechemicd. India) in
1.0 M hydrochloric acid, diluted to 250 ml with dis-
tilled water and standardized using gravimetricaly®@. A
working solution of iridium(lI1), 50 pg/ml was made
fromit by diluting thestock solutionwith distilled water.
Other standard solutions of different metalsused to
study were prepared by dissolving respectivesat with
distilled water and dilute hydrochloric acid. N-n-
octylaniline was prepared by method reported by
Gardlund. Thestock solution of N-n-octylanilinewas
prepared in chloroform.

Prepar ation of anion exchangematerial: Silicagel
(60-120 mesh) obtained from BDH wasdried at 120°
Cfor 2-3 h. and stored in desiccators. It was packed
in U tube through which a stream of nitrogen was
bubbled through asmall durand bottle containing 20.0
ml of dimethyldichlorosilane (DMCS) (Acros Organ-
ics. New Jersey. USA). The passage of DM CS vapor
continuedfor 4 h. Thesilicagel wasthenwashed with
anhydrous methanol and dried. A portion of 5.0 g of
silaned silica gel was soaked with 2.0% (v/v) N-n-
octylaniline previoudy equilibrated with 1.0 M hydro-
chloric acid. The solvent wasthen evaporated to get
nearly dried gel. Thedurry of N-n-octylaniline coated
slicage wasprepared indistilled water by centrifuga-
tion at 2000 rpm and coated silicagel waspacked into
chromatographic columnto give abed height of 6.0
cm. The bed wasthen covered with glasswool plug.

General procedure: Analiquot of the solution con-
taining 40 ug of iridium(l11) wasmade 1.0 M in hydro-
chloricacidin25ml volumetricflask. Thesolutionwas
passed through the N-n-octylaniline coated silicagel
column at theflow rate of 1.0 ml/min. The extracted
iridium(l11), wase uted with 20 ml of 2.0 M hydrochlo-
ric acid. The fraction collected was analyzed for
iridium(l11) spectrophtometricaly by stannous chloride
hydrobromic acid method .

RESULT AND DISCUSSION

Effect of acidity: Trivalent iridiumwasextracted with
hydrochloric acidin concentrationrange of 0.75t0 1.0
M on column coated with 2.0% N-n-octylanilineasthe
stationery phase on silica gel. Distribution ratio of

Au Tudian Yournal



ACAIJ, 8(4) December 2009

Shashikant R.Kuchekar et al.

577

iridium(111) decreaseswithincreasing the concentration
of hydrochloric acid. It was observed that the extrac-
tion was quantitativein arange of 0.75to 1.0 M hy-
drochloricacid, further increased in acid concentration
extraction of iridium(I11) was decreasesFigure 1.
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Figurel: Extraction behavior of iridium(l11) asafunction of
hydrochloricacid concentration with 2.0% N-n-octylaniline
in chloroform.

Effect of flow rateon percentageextraction: The
effect of flow rate on percentage extraction of
iridium(111) wasstudied from 0.5 ml/minto 3.0 ml/min.
It was observed that theincreasein flow ratewasin-
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versely proportional to percentage extraction. There-
forenorma flow ratewaskept 1.0 ml/minfor furtherer
extraction studies.

Effect of N-n-octylaniline concentration: The con-
centration of N-n-octylanilinein chloroform varied from
0.1%t0 2.0% over hydrochloricacidrange0.1to0 1.25
M at 1.0ml/minflow rate. Theextraction of iridium(l11)
wasquantitativeat 2.0% (v/v) N-n-octylanilinewithflow
rate 1.0 ml/min. Anincreasein N-n-octylaniline con-
centration percentageextraction of iridium(l1l) increases.
Log-log plot of N-n-octylaniline concentration versus
distributionratioFigure2 at 0.1 M and 0.25M of hy-
drochloric acid gaveadope 1.2 and 1.3 respectively.
The probablecompostion of metal toamineratiois1:1
indicating that the probable extracted species was
[RR’NH,*. IrCl,]
+01MHC 2 -
m 025 M HA 15 4

-
0.5

org.

05 -0.354
=
o154
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Figure 2 : Log-log plot of distribution ratio versus N-n-
octylanilineconcentration at 0.10 mol/L and 0.25mol/L HCI.

TABLE 1: Separation of iridium(I11) frombinary mixtures

Foreign lon Added as Tolerancelimit /pg  Foreign lon Added as Tolerancelimit / pg
Pd(I1) PdCl,.xH;0 300 Os(VIII) 0s0, 500
Au(lll) HAuCI,.4H,0 300 Zn(I1) ZnS0,.7H,0 500
Rh(I11) RhCl; 200 V(V) V205 500
Ru(ln) RuCl; 400 Cd(ll) 3CdS0O,8H,0 200
u(vI) UO,.(NO5).6H,0 400 Fe(Il) FeS0,.7H,0 500
Mn(ll) MnCl,.2H,0 450 TI(I) TINO; 200
Pb(IT) Pb(NOs), 400 Ga(lll) GaCl; 200
Sn(ll) SnCl,.2H,0 200 In(lIT) InCl3 250
W(V) Na,W0O,.2H,0 300 Mg(ll) MgCl,.6H,0 250
Hg(ll) HgCl, 250 Bi(lll) Bi(NO;),.5H,0 250
Cr(VI) K4Cr,0; 250 Al(I) AlCl; 250
Fe(l11) FeCl3.6H,0 250 Ni(ll) NiCl,.6H,0 250
Cu(ll) CuS0,.5H,0 250 Sdicylate HOC;H,COONa 1000
Ti(1V) K,TiFs.HO 250 Oxalate (COOH),.2H,0 1000
Co(ll) CoCl,.6H,0 250 Acetate CH;3;COONa.3H,0 1000
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The extraction mechanism can be explained as
follows

[RR’NH], +HCl —= [RR’NH;.CI] 1)
RR’NH,". CI RR’NH,". IrCl,

[ 2 _] | 211 4] @
(org) +1rCly, S w— org+ Cl" (aq)

WhereR=-CH R’=-CH,(CH,).CH,

Effect of foreignion: Theextraction of iridium(lIl) in
presenceof cationsand anionswas carried out accord-
ing to recommended procedureto examinether inter-
ferences. Thetolerancelimit was set at theamount re-
quired to cause+ 2% error in recovery of iridium(l11)
TABLE 1. Only anionsshowing theinterferenceswere
EDTA, tartarate, thiocynatethiosul phate and thiourea.

Analysis of synthetic mixture corresponding to
alloy: The composition of synthetic mixture corre-
spondingto aloyswasprepared inlaboratory. Thepro-
posed method was applied for the analysis of
neuyanskitealloy and osmiridium aloy under the opti-
mized condition. Theresults obtained were reproduc-
ibleandin agreement with labeled amount TABLE 2.

TABLE 2: Analysisof synthetic mixturescorresponding
toalloy

Amount  Amount Recovery/ RSD/
C'?):.L?;?gnnpleg Taken/  Found/ % %
i ug ug (=3  (n=3
Neuyanskite alloy
(Os 650, Pt 400, Ru 50, 650 647.4 99.6 0.40
Rh 100, Ir 3100)
Osmiridium alloy
(Os 325, Pt 100, Ru 80, 325 324.4 99.8 0.20

Rh 110, Ir 450, Au 10)

Separation of iridium(I11) from multicomponent
mixture: Iridium(lll) was separated from
rhodium(111), ruthenium(l11) and base metalssuch as
iron(l11), cupper(ll). Under optimum condition of the
extraction all added metals are remainsin agqueous
phase. These ions were determined by
spectrophtometrically by standard methods.
[ridium(I11) from the organic phase was stripped with
20 ml 2.0 M hydrochloric acid and estimated by
stannous chloride hydrobromic acid method.
[ridium(IIl) is separated from osmium(VIll),
palladium(ll) and molybdenum(VI) by using
different stripping conditionsTABLE 3.

TABLE 3: Multicomponent separ ation of iridium(l11)

Mixture Chromogenic ligand Acid Conc. Stripping Agents Recovery/% RSD/ % (n=3)
Ru(l1l) Thiourea - Aqueous Phase 99.2 0.80
Ir(111) SnCl,+HBr 1.0 M HCI 2.0 M HCI 99.7 0.30
Rh(I11) SnCl,+ Kl - Aqueous Phase 99.3 0.70
Ir(111) SnCl,+HBr 1.0 M HCI 2.0 M HCI 99.4 0.60
Os(V1II) Thiourea - 5.5M HCI 98.3 0.70
Ir(l11) SnCl,+HBr 1.0 M HCI 2.0M HCI 99.7 0.30
Pd(11) N-N-Dimethylaniline - 7.0 M Ammonia 98.8 0.20
Ir(l11) SnCl,+HBr 1.0 M HCI 2.0M HCI 99.7 0.30
Fe(l11) Thiocynate - Aqueous Phase 99.7 0.30
Ir(l11) SnCl,+HBr 1.0 M HCI 2.0M HCI 99.8 0.20
Fe(ll) 1,10 Phenonthroline - Aqueous Phase 99.1 0.90
Ir(l11) SnCl,+HBr 1.0 M HCI 2.0M HCI 99.8 0.20
Mo(V1) Thiocynate - Distilled water 99.2 0.80
Ir(111) SnCl,+HBr 1.0 M HCI 2.0 M HCI 99.4 0.60
Cu(ll) Rubbanic Acid - Aqueous Phase 99.6 0.40
Ir(l11) SnCl,+HBr 1.0 M HCI 2.0M HCI 99.8 0.20

elgnions. Method gives separation of iridium(l11) from
CONCLUSIONS dloys.

Method issimple, rapid and reproducible. Extrac-
tion of iridium(l11) requireslow concentration of N-n-
octylaniline. Method isfreefrom large number of for-
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