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THE CARRIER-FREE ISOLATION OF INDIUM FROM SILVER AND

CADMIUM BY LIQUID-LIQUID EXTRACTION

ABSTRACT An analytical méthod was developed for the rapid and
carrier-free separation of 2.81d' lllln produced by the reactions
109Ag(H94’?n)¥111n and %4 (d.n)lllln. The method‘is based -

-Adpon the fact fhat indium in the -presence of macro-cqncentrations
of Ag(I) and Cd(I1) preferentially extracts into ﬁ-heptgne solutions
of bis (2-¢thy1hexy1) hydrogen phosphate (HDEﬁP) from aqueous nitric
acid media. The Ag(I) and Cd(II) remain quantitatively in the aqueous
‘phase. The distribution patios (K) vary from greater than 103 for
In(III) to 1;sé than 10"2 fbf Ag(I) and Cd(iI); The indium is quanti-
tatively stripped from-the so}venf phase_witthC1. The total sepéra-
ti&n time is less thgn-lO min, ~Iﬁ the present investigation K has
been studied with‘rgspect to acid-sblvgnt dependence, equilibration,
and back extrac;ioﬁ. Optimum'conditioﬂs for maximum extraction have
been determined. | |

INTRODUCTION

Clinical applications of radioindium [1] :equire the use of
111

isotopes with semi-short half-lives:(e.g;, In). These isotopes
may be produced by the bombardment of silver or cadmium by charged

particles in a cyclotron. Following activation, it is necessary to

1. ;Cérebrospinal Fluid Scanning with ll;In, P, Matin &.D. A. Goodwin.

J. Nuclear Medicine 12, 668-672 (1971).



2.

quickly and efficiently separate the radioindium from the silﬁer
or cadmium,targets.v |

~Separation of_indiﬁm by liquid extraction téchﬂiques has begn
studied over the past 20 years. Steinbéch and F%ei;er [2] reported
~on the use of chloroform solutions of acetylacetone. Claasseé and
Basting; [3] ﬁséd carﬁqn tetrachloride solutions of 0.2%‘sodihm
diethyldithiocarbamate., Sunderman and Townley [4] showed that in
acid solutions‘indium'is separated frdm‘a.number of elements using
diethylether and thenoyltrifluoracetone. Hudgins and Nelson (5] showéd
that indium is quantitatively.isolated by extraction with isoprooyl
. ether from 1M HBrigoiutions._‘Irving and Rossotti [6] showed that
indium is quaﬁtita;ively separated’from Fe and Be by ext;action into
ethyl ether from 1.5M HI.solutions.< The use of acid eéters of
alinhatic alcohols and‘ohosphoric'acids for thé extraction of indium
was firsﬁ reported by Scadden and Ballou [7]), who showed that indium
and-quadrivaleﬁt tin are extracted by butyl ether solutions of

butylphosphoric acid from sulfuric or nitric acid media.

2. J. F. Steinbach and H. Freiser, Anal. Chem. 26, 375 (1954)

3. A, Claassen, L. Bastings, and J. Visser, Ahal. Chem. Acfa. 10, 373
(1954) O

42 D. N. Sunderman aﬁd'C._w. Towniey, NAS-NS 3014, pp. 25 (1960)

-5f J. D. Hudgins and-L. C. Nelson, Anal., Chem., 24, 1472 (1952)

6. H. M. Irving and F.J.C. Rossotti, Analyst 77, 801 (1952)

7. E. M. Scadden and N. E. Ballou, Anal. Chem. 25, 1602 (1953)



I R T SR UL R IR R A S : e T .. o

‘Leviﬁ [8-12) was the first tQ report on the extractiéﬁ behavior
" of indium by 2;ethy1hexy1 phosphoric acid from various inorganic
and brganic acid éystems. |
Unfortunately, 511 of these methods are relatively'slow, and
‘some require precipitation procedures to isélate the'indium. The
‘fol¥owing report describes the developmeﬁt of a carrier-free pro-
pedure for the rapid separation of shor;-lived indium radionuclides
produced by charged particle activation.
 EXPERIMENTAL
SOURCE OF REAGENTS The bis(2-ethylhexyl) hydrogen phosphate and
n~heptane-were obtained from Eastman Organic Chemicéls,_Rochéster,
New York and vere used without any further pugification.’-The 50d
114m1n, 260d“ 11oAg, and'l.2y. 1090d radio-tracers were obtained from
Internagional Chemical and Nuclear Gorporation, Irvine, California.
The carrier solutions were prepared from 99+% pure salts of iﬁdium,
silver and cadmium (as nitraﬁes) obtained~from Baker and Adamson
Reagent Chemicais; Morristown, New Jersey. ‘
DISTRIBUTION'RATIO (K) . The distribution ratio, defined as the
congenfrétion of méﬁal in the organic phase divided~by its_cqncen-
tration in the aqueous phase, was determined radiometrically.

Triplicate aliquots of each phase at equilibrium and after centrifugation

8. 1. S. Levin, Zhurnal Prikladnae 35, 11, 2368 (1962)
91 I. s, Levin and V. A._Mekhailov, Don 138, 6f (1961)
10. I. s. Levin, Zh, Anal. Khim. 18 (1963) 1335: 20 (1965) 452
11. I. S. Levin, zh. Prikl, Khim. 25, 2369 (1962) |

12. I. S, Levin and A, A. Shatalova, Dakl. Akad., Nauk, SSSR 16 (1965) 1158




were transferred by volumetric pipette to l-inch diameter plastic
counting cups and evaporated to near dryness under infrared heat-

ing lamps. The samples were then gamma assayed in a 9-inch x 9-

inch NaI(T1l) well crystal assembly in conjunction with a 512
channel R.C.L, pulse height énalyzer. The counting error in all
cases was within + 5% at the 95Z.confidence level,

EXTRACTION METHCDS The_mephods employed in the extraction

llémln’ 110Ag and 109

studies were as follows: Aliquots of cd
radiotracers were transferred to 125 ml separatory funnels con-
taining 10 ml of 0.5M HN03.‘ Five hundred ﬁilligrams of silver and

cadmium carriers were then added. Equal aliquots of freshly pre-

pared 15 volume % HDEHP-n-heptane were added and the samples mixed

for 5 min on a mechanical shaker (200 strokes per min). The ﬁhases

. were separatéd into 50 ml tubes ahd‘centrifuged for 2 min. Aliquots
of eaéh ﬁhase wére mounted and countgd by methpds previously
described. All experimeﬁts were run at 250 C + 2. |
EXTRACTION METHODS APPLIED TO CYCLOTRON TARGETS The térgets of
silver and cadmium were prepared by electroplating [13] 150 mg of
metalion 1/2-in dia circles centered on gold plated copper discs 4-in

dia x 1/4-in thick. The siiver targets were bombarded with 24 MEV

alpha particles for an integrated beam current of 60 microampere-

hours. Cadmium targets were bombarded with 12 MEV deuterons for

20 microampere hours. The principal reactions, respectively, were

109 110 111I

Ag (a,2n)1111n and "Cd (d,n) n. After removal from the cyclotron

{ 13, D. N. Sunderman, Anal. Chem. 29, 11, 1583 (1957)



the metals were dissolved from the target discs with 2 ml of hot

6M HNO, using remote handling techniques., Ihe'sémples were then

3
etored for 24 hrs Lo allow decay of 4.3h Inlog'and 4.9h lloln

élso produced by the bombardments. The samples were then trans-
ferred to ieparatory funnels, The'HNO3AcoﬁCentrations were adjuéted
fo 0.5M with water. Equal aliquots of freshly prepared 15 volume %
HDEHP-n~heptane were added and the mixtures shaken mechanically

for 5 min (approximateiy 100 strokes per min). The phases were
separated and processed as previously described. (In routine pro=-
duction runs”the'depleted,aqueous acid phases are discarded.j The

pregnant organic phases were scrubbed 3 times with 5 ml portions of
' : 11

fresh 0,5 HNO3 to remove any trace of aqueous phase. The 1In '

was then stripped from the organic phases with 3 ml of 12M HC1 -

using identical mixing techniques. It is interesting to note that

111

approximately 3 mc of . In are produced per run under the con-

ditions described. The only contaminant found with the ;111n in

114m

‘the back-extracts was a trace of In(<0.001%). A typical gamma

ray spectrum of the final product is shown in Fig. 5.
RESULTS AND DISCUSSION

. .
ACID DEPENDENCE Figure 1 shows variation in K for tracer level

'114m1n at aqueous phase hydrogen ion concentrations ranging from 1-22M

110 109

HNO,. Equal portions of . Ag and Cd radiotracers were present

3
in the aqueous fractions.  The K values show inverse acid dependence
between 1—12& and direct dependence between 12-22M, 'The'inf¥ection of
thelcurve at 12M HNO3 is not yet fuliy understood. However, it is
evident that good separations of indium can be made at HNO3

> >
concentrations 5 4M or at = 18M, since K values of 100 yield =98%



recovery. Levin [ 14] observed similar inflections of acid depend-
ence curves in the isolation of Ga and T1 ffom HC1 and HBr media.
into HDEHP systems, as did Kimura [15] in the extraction of other

metal systems from HCl into toluene solutions of HDEHP., The K
110

0 . - )
-values of Ag and 1 9Cd were less than 10 2 and remained constant

over the whole range of acid concentration tested.

-SQLVENT DEPENDENCE Figure 2 shows variation in K when llAmIn in
0.5M HNO, is treated with equal volumes of HDEHP ranging from 5-50
“volume % - in a diluent of n-heptane., The K values show direct

solvent dependence between 1-20 volume % and iﬁQerse'dependence betwéen
20-50 volume % HDEﬁP-n~heptane, The decrease in K at sélvent céncen-
trations above 20 volume % is not understood, but was independent of
mixing éime. Comparable solvent effects have been observed by Kimura

[16] and Wood and Roscoe [17] in similar solvent systems., The K ~

“valles for 11OAg and 109Cd were less than 10-2.

\. : . '
EQUILIBRATION STUDIES Figure 3 shows variation in K for 114m1n for

mixing periods of the phases ranging from 5 sec to 5 min.' The mixing

-periods were started within 1 sec after the addition of the solvent

phase. These data show that indium reaches equilibrium in less than 90 sec,
The K values for 11OAg and 1090d were less than 10"2 anq/were
independent of mixing time. In similar experiments the mixing rates

were decreased to 75 strokes per min. The K value did not significantly

14, X. S, Levin, Proceedings of International Conference on Solvent

Extraction Chemistry, John Wiley & Sons, Inc., New York, pp. 243 (1967)

15, K. Kimura, Bull, Chem, Soc. Japan 33, 8, 1038 (1960)

16, K, Kimura, Bull, Chem. Soc. Japan 34, 1, 63 (1960}

17. R. Wood and R. Roscoe, J. inorg. nucl. Chem. 32, 1351 (1970)




change from those observed at 200 strokes per min.

111

BACK EXTRACTION STUDIES The back extraction of In from the

pregnant solvent phases‘using HCl was studied, Figure & shows

variations in 1/K with respect to varying concentrations of HCl

ranging from 1-12M., The solvent phases were mixed forvlo min

although‘equilibrium is reached in less fhan 5 min. The.stripping
of lllln from the solvent Dhases.shows'direct dependence uéon HC1
conceﬁtrétion-with a maxi@um iﬁ 12M HC1. Spécgrometric and radio-
analysis of these aqueous fractions showed only a trace of cadmium'

and silver (50.0001%).

-It'is of interest to note that HBr and acidified solutions of

'A3% 3292were:equa11y efficient in stripping 11,]‘In4from the solvent

phases,
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LEGENDS

Fig. 1;- Variation in K vs,HNO3 cqncentratioﬂs ih the aqueous
phasé into 15 volume 7% HDEHP in a diluent §f n-heptane.

.Fié.'Qi Variatioﬁ in K.vs,HDEHP concentrations inﬁthe organic

phaée from an apasing phase of O.SM_HNO3.

Fig. 3. Variation in k vs, mixing timg of aqueous systems
éontaining tracer levéi llémln into 15 volume'%
HDEHP-ﬁ-heptane.

AFig. 4, Variations>in 1/K vs,HCl concentrations used as a
back e&trdctant‘for indium from solvent systems

’ cbﬁtaining 15 voluﬁe_% HDEHP-n~heptane,

111

' Fig. 5. .Gamma ray spectra of 2.81d In obtained on the

12M HC1 back-extraction solution.
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