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A RAPID RADIOCHEMICAL ION EXCHANGE SEPARATION OF 10DINE
FROM TELLURIUM A NOVEL RADIOIODINE 132 GENERATOR.

Alerdio Abrao

ABSTRACT

Ths pape: 'epo’1s the t nd.ngs rhar & ' um .ons t0'm 3 sO'ub€ car-on.c comp:ex w 'n  thouea n
ar. d medum The ca' on¢ *e U um th-ou §a spec-es -s s1-0ngly absorbed or a ca* on ¢ on eachanger The
‘erent on Of 'eir um On the r&s N enab’'eés Mman, me-es' ng sepa ar on schemes tor 1e'u UM 1OM va '‘ous
ans W rh speca nre-esr rthe separa on of odne t-om 1e'» um was s'ud ed Anett ¢ ent and conven.ent
od ne 132 gene' 30 sdesc bed *he adoodnebengeuvedw thwae 0 9g i Nar when des ‘ed

Introduction

There are 1n the Iiterature many procedures desc'-bed for the absorption of teliurnum on
anion exchange :estns Kraus and Neison''' reported that TeliV) s strongly abscrbed on
Dowex 1 amonic resin from hydrochior:c ac:d Hicks et at ‘2’ showed that TellV} and Ta(VI)
are 1 trongly absorbed on Dowex 2 anion exchange iesin whe Attebury et al ‘3' and Aok:'4'
have reported that tellurium can be absorbed from 3M HC! on an an.on cestn column and
Schindewo:i'3' also reported that tellunium can be absorbed on Dowex 1 resin trom stiong
HC! Stronsk: and Rybakow'6' reported on the separation of radioactive traceis of tetiur:um
using Sowiet procedure anon exchangers Wish'7' has quantitatively separated radioactive
telturium from a mixture of fisstoin producis and uranium by use of Dowex 2 resin and
phosphor ¢ acid solumions_ telturium being not abrorbed

On the other hand only very few procedures are described for separat:on of tellurium
using catiomic on exchangers Smith and Reynolds'8’ using radicactive tracers have shown that
Tei1V) n a0 1M oxahic ac'd solution 1s not absorbed by Dowex 50 cat:ontc resin and n the
same study those authors showed that TeliV) was onty stightly absorbed on Dowex 1 amonic
res:n when a 0 TM oxalic ac'd solutron was passed through the calumn

No procedure was found in the current irterature describing the absorption of tetiurium
on cationic i1on exchange resin

The separation chemsstry snvolving tellunum and iodine s of great interest n
rachochemistry No satisfactory method for ssparation of iodine from teilurium has been
described using ion exchange resins Greene'9’ siated that none of the known .on exchange
resins tested were found to be a1 all effectve 10 separate 1e lurrum and 1od'ne from each other
inan efficient and rap«d manner

This paper reports our findings that the cat-onic complex formed between Te(lY) and
thioureaitu) is quamdatvely and strongly absorbed on a catomc 1on exchanger This sorption
makes 1t possible for many ineresting separation of tetlunium from varous ons With specal
imerest, we stuhed the separot:on of odine from teliu- um util:z'ng the abso‘ption of its



catiomc species formed with thiour ea n ac'd med:um an a Cationic resin

Thioures as a Complex Forming Agent

Thourea forms compiexes of the amine type with numerous heavy metals, most of which
are colorless and some only siightly soiuble, as for instance siiver, mercwry and thallium Some
elements give colored products «n acd solution eg bismuth (yetiow) tellurium (yeliow! 10!,
osmium (red) and ruthenium (blue} Antimony gwes a wesk yellow color, and palladium a
stronger one, while selenium (1V) s reduced to the eiement (red) and rhenium develops a
yeliow coloration 'n the presence of stannous chloride Thiourea reacts with a number of
cations and amons to give color reactions of analytical importance Yoe and Overhoiser!1!!
have nvest:\gated many of these reactions The reaction of tellurium with thiourea is very
sensitive, a yellow color appearing with as little as 1 part of tellurium in 500,000 parts of
solution!’?2)

Some complexes formed with thiourea are cationic, like Cu (tu)’. It is reported that
osmium (VI or 1Y) form a cationic species described as Os(tu)'" 113 and
ruthenmium {111 and 1V} s reported to form complexes of the Ru(tu) ’ type!'4) Rhodium
forms a catiomc complex with thiourea as wetl A proposed separation of rhodium from
+dium (IV) is based on the absorption of cationic rhodium thiourea complex on the cation
exchange resin, Dowex 50W X8, the ridum thiourea complex being anionic passed through the
co|umnt15)

Tne extraction behavior of U, Fe, Cd, In, Zn, Cu. Co. Ni Mn, Cr, Ag, Bi. Pb, TI, Ru, Pd,
Pt Ir. Os Au, Hg. Sn and Sb with tr1 n octylamine dituem from HCI, HNO,, H,SO, and HI
and the effect of thiourea as a complexing agent, gwving rise to cationic species with severai of
the cited elements, was studied by Abrao''6) It was clear that the stable cationic
metal thiourea were not extracted by the amne, the organic phase, similarly to amonic resins,
extracting only amonic species

- Thioursa Method For Tetlurium

The 'ntense yellow color produced in the reaction of tellurium {IV) with thiourea is
useful for the colorimetric determination of tellurium in moderately strong acid solutions
Nwelsch and Giefer have studied the spectrophotometry of the tellurium thiourea complex in
ntric acid' ' 7) sulfur:c and phosphoric acids' 18 Tellurium V1) reacts with thipurea in a few
minutes at room temperature Tellurium (1V) react only in ho¢ solutions Jilek and Vrestal!!9)
have developed a differential analyss for the two tellurium valence states wusing
tellurium thiourea reaction at room temperature and at the boiling point

In the presem paper, we report that the yellow complex formed in acidic medium
between tellurium (1V) and thiourea s cationic in character and can be retained on a strong
cation'c ion exchanger Based on thisf.ndings, a procedure for the separation of tellurium from
wdine is outlined
lon-Exchange Separstion of todine From Tellurium

The existing methods for the separation of rodine and tellurium are inadequate in terms



of tyme and labor for the radiochemist The seperation presented in this paper is fast, simple,
and 15 based upon the behavior of the castronic tellurium thioures complex toward a cation
exchange resin The cationic tellurium (1V) thioures species is rotained by the resin. whereus the
wodide passes through the column In the case of radioteliurium, the generated rawioding is
simply eluted with water. If desved. the tellurium ({IV) thiourea complex can be eluted with
6M HCI at room temperature The telluwrium iodine separation is quantitative

A Novel Radiociodine-132 Generator

The new method proposed here offer a contribution 10 the tellurium iodine separation
chemistry, allow:ng to prepare a2 convenient iodine 132 generator The milking of radioiodine
from tellurium 1s extremely simple A catonic ion exchanger serves as an 1odine source, from
which carrier free radiorodine can be miltked quickly, and repestedly at any desired moment

Two to three mi of strong cationic Dowex S50W X8, 50 100 mesh. ion exchanger is
transferred as a slurry and packed into a glass column {8 mm.1.D ), preparing a bea column of
about 30 mm high The column is washed with five bed volumes of IM HC|, and the excess of
acid washed out with demineralized water

The sample used for the separation was 510 mi of carrier-free telluricacid {' ‘' Te ' *?1).
To this acid solution, 1 mi of 25 g/1 hidroxylamine hydrochloride was added and the solution
warmed up to 80 90°C during 5 minutes If desired, 1 1o 5 mg of tellurite{ate) can be added as
carrier, before addition of the hydroxylamine After reduction of tellunum (VI) to
tetiurium (IV}, 2 ml of agueous 50 g/1 thioures are added After 5 minutes the solution is
percolated through the exchanger ata fiow rate of 2-3 mil per minute The color tess fraction of
the etfluent contains the 1odide ion {carrier free ' *‘1) The tellurium (1V) thiourea complex is
retained at the top of the column and when tetlurite is used as carrier, a sharp yellow zone is
shown After the sample solution had completely passed through, the column is washed with
water until no hyd-ogen ion is detected in the effluent The column is ready to be mitked

Radiwodine 132 can be milked with water at any desired time The column is exhaustively
eluted with water anu no leakage of tellurium was observed In some experiments, carrier-free
od:ne 132 was eluted with 9 g/1 NaCl {for medical use). the elution being very successful, and
no leakage of tellurium was observed as well. Whether using tellurium as carrier or not, the
radioiodine 132 obtained by the described procedure 15 radioactively pure, without
contaminetion of teliurium 132, as confirmed by decay curves and half life determinetion

If for any purpose the slution of tellc 1w is desired, it can be accomplished with 6M HCI
at room temperature

Discussion

Although anion exchange resin may be used to effect the chromatographic separation of
tellurium and iodine from each other as anions, the ssparation is not satisfactory and elution
time as well as the volume of eluant are large The novel procedure described here using the
characteristic complex formed between teliurium (1V) and thioures, a cationic species, strongly
held by a cationic ion exchanger, represents a simplification to the tellurium-iodine sepetation
chemistry f small amount of teliurite ion is used as carrier, the process can be visuslly



fottowed the sorption of tellurum [IV) thourea complex resuiting 'n @ beaut ful yellow ring
on the top of the column Whether tellurium s used as car-ier or not. odine s eluted as
ca e hee radoisotope

The 1/me lag between addition of thiourea to the sample as introduction of the sotution
‘mo the column is necessary in order to aliow sufficient t:me for the complete for mat:on of the
complex The tellurwum {1V thiouwres complex s formed rapidiy, but teliunum (Vi) thiourea
complex_f formed is attained more slowly at room temperature and p«obably need warming
1o speed up its formation (probably it s reduced to tellur.um (IV) and complexed; We
considered ot preferable to add a few miligraras of hydroxylamine hydrochioride prior 1o
th-our ea addition. tetturium (V1) being reduced to tellurium (V)

A varety of separation technwques. solvent extract:on for instance has been appled to
problems of isolation and radiochemical purification of nuclides The procedure recommended
here s very fast, and with this technique i1 15 easy to 1epeat the operation of elur.on severai
r:mes vrthout oreat expendrture of nme

The selective elution of short hived rodine 132 from the on exchange column s very rapid
‘.om the relatwely longlived tellurium 132 parent which remaned strongiy held on the
won exchanger If necessary the eluam (water or NaCi solution) can be forced by comp: essed a-
v by the act:on of a hypodermic syringe through the column to enchance the elution speed

Finaliy the caton exchange column separatton of odne from tellurium can be used as a
guud example of the rapid on exchange sepasation method

Conclusion

The radwoiodine generator described here allows a clean radiochem.cal separat.on of
od:ne 132 from tellurium 132, the iodine being easily eluted with demineralized water
o: 9 g/1 NaCl solut:on at sutficiently high actwity

The generator can be recommended for classroom demonstration on radiochem stry
nucieonics 1. aimng and strongly recommended for med:cal use (the elution being eas'ly done by
the physician at the place of application)

The herein inentioned techmque 18 being studied for the separation of tellu um 132 fiom
fission products'20) and for the sewovery of irradiated {old cooled. used. stocked solutinn)
reitur«c acrd or elemental tellurium for 1odine 131 production'??’
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RESUME

Certe etude monire la nouveaute presente pour 18s .ony de tel'u e de former complexas cat on.gues



siubies avec '3 "h-ouP e em m ey a0-de L e especes canon-ques rel'u:e th-oure.e sont tortement (grenues
dems un echangey (2 onQue ia ‘eenron du tei'ue dans -3 -e e permetl schemas (nre.essants de
SHpaaT-on du 'euie e d3utres o Or pay peseme un ett.c.ent smpie e convenabie gene arew de
ode 132 dans ‘eque e -ad-0 0Oe es' e'ue avec d edu ou avec une scur:on de NaC! 9 g ¢ ~uivant ies beso ns

m-«m—mvwmjons de -ﬂ-d--o 'Ofmarcm compiexas car.on.cos so'uve:s
COM "0u‘e:'3 &M Me O -3¢ A< g5per e €a'-CN-(as "elu’ O vQurerd sag tortermente absor v das num t-ocrador
caronco A -erencao do 1€'u/ 0 Na @5 Na permre esquemas de separa¢ao do teiur.o de outias
\ons.  Gom—espera——rr-pses Fo estiudada a sepa acac 000 e 0 Dewreve se um eboenre smpiss e
conven.ente ge ado de odo 137 do Qua' 0 -3d-:0.0do & e'u-de com agua ou com soiugao NaCt 9 gt quant
desejado.
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