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Abrão

ABSTRACT

Th-5 pape* "epo'is the * "d-ngs tha» 'e>u->um .on* to-m a so'tib e ca^onc compex w. wn thoirea n
v. d mcdum The ca' one >e u-um thot j «a speces s s> ongiy absorbed on a ca* on c on exchange' The
«*««•»! on o* ' i ' v um on the 'es n enab'es many 'nie-es* ng sepaa' on schemes to* ie >u j m i-om va 'ous
Oi i W 'h •spec 9 me esr 'he sepa'd' on o' od ne '-om ie -v um wa>. s'ud ed An e't c em and cofi-en^en'
odne *?2 gener i c ide^r bed 'he ad o od ne be rtge f e d w th vva'e o 9g i MaC ^hen des ed

Introduction

There are <n the 1'ter a w e many procedu'es descbed for the absorption ot teMunum on
arvon exchange -estns K'aus and Neison"' reported that Tel(VI *s strongly absorbed on
Dowex 1 an»on<c 'es>r> from hydrochloric aod Micks et a> l 2 ' showed that TeliV! and Te(VI)
a>e ftrongly absorbed on Dowex 2 amon exchange iesm whie Artebury et ai !3> and Aok' ( 4 '
have reported that tellurium can be absorbed from 3M HCi on an an.on tesm column and
Schtndewo í161 also reported that tellurium can be absorbed on Dowex 1 resm from strong
HCi Stronski and Rybakow'6' reported on the separation of tadioact<ve traces of teiiur:um
ustng Soviet procedure amon exchangers W>sh'7' has quant>tat>veiy separated radioactive
tellurium from a mixture of fission product and uranium by use of Dowex 2 resm and
phosphoric acid solutions tellurium bemg not abvorberi

On the other hand only very few procedures are described for separation of tellurium
using cat'omc ion exchangers Smith and Reynolds'8) uyng radioactive tracers have shown that
Te(iV) *n aO 1M oxahc acid solution is not absorbed by Dowex BO catiomc resm and m the

study those authors showed that TeUV) was only slightly absorbed on Dowex 1 amomc

when a 0 1M oxalic ac<d solution was passed through the column

No procedure was found in the current literature describing the absorption of teiiunum

on catiomc ion exchange resm

The separation chenvstry involving teilu"um and iodine is of great interest in
radiochemtstry No satisfactory method for separation of <odme from tetlunum has been
described using ion exchange resins Greene'91 siated that none ot the known on exchange
resms tested were found to be at all effective to separate te'ur«urn and iod<ne from each other
man efficient and rapid manner

Th*s paptr reports ou« findings that the cat-onic complex formed between Te(lV) dnd
thiourea(tu) is quantitatively and strongly absorbed on a cat>omc ion exchanger This sorption
makes it possible for many interesting separation of te'lunum from various <ons With specai
interest, we studied the sepf'itf'on of <odm<? f>om te'iur um ut'i'Z'ng the absopt>on of its



cat'owc speoes fo*med w i h thiou*ea >n add med>um on a catiomc resm

TMourea as a Complex Forming Agent

Thtou'ea forms complexes of the amine type with numerous heavy metals, most of which
are colorless and some only slightly soluble, as for instance silver, mercury and thallium Some
elements g*ve cok>red products >n ac>d solution eg bismuth (yellow) tellurium (yellow1101,
osmium (red) and ruthenium (blue) Antimony gives a weak yellow color, and palladium a
stronger one. while selemum (IV) is reduced to the element (red) and rhenium develops a
yeltow 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 Ortrholser11'>
have investigated 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' l2 )

Some complexes formed with thiourea are cationic. like Cu (tu)' It is reported that
osmium ( V I M or IV ) form a cationic species described as Os(tu) ' ** n 3 ) and
ruthenium (III and IV) »s reported to form complexes of the Ru(tup type' 1 4 ' Rhodium
forms a cationic complex with thtowea as well A proposed separation of rhodium from
•r'dium (IV) is based on the absorption of cattomc rhodium thiourea complex on the cation
exchange resin, Dowex 50W X8, the iridum thiourea complex being amonic passed through the
column115)

Tne extraction behaviot 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 tn noctylamine diluent from HCI. HNCV». H2SO4 and HI
and the effect of thiourea as a complexm& agent, giving rise to cationic species with several of
the cited elements, was studied by Abrão1161 It was clear that the stable cationic
metal Thiourea were not extracted by the am»ne, the organic phase, similarly to amonic resins,
extracting only amorne species

Thiourea Method For Tellurium

The intense yellow color produced in the reaction of tellurium (IV) with thiourea is
useful for the colorimetnc determination of tellurium in moderately strong acid solutions
Nieisch and defer have studied the spectrophotometry of the tellurium thiourea complex in
n<tr<c acid117'.sulfur:c and phosphoric acids'18' Tellurium 'VI) reacts with thiourea tn a few
minutes at room temperature Tellurium (IV) react only in hot solutions Jifek and Vrestaln 9 )

have developed a differential analysis for the two tellurium valence states using
tellurium thiourea reaction at room temperature and at the boiling point

In the present paper, we report that the yellow complex formed in acidic medium
between tellurium (IV) and thiourea *s cationic in character and can be retained on a strong
cat ionx ion exchanger Based on thisf «ndings, a procedure for the separation of tellurium from
•odme is outlined

Ion-Exchange Separation of Iodine From Tellurium

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



of tune and tabor for the radiochemist The separation presented in this paper is fast, simple,
and is based upon the behavor of the cattonic tellurium thiouraacomplex toward a cation
exchange resin The cationic tellurium (IV) thiourea species is retained by the resin, whereas the
•odide passes through the column In the case of redioteiluhum. the generated raioiodine is
simply eluted with water If desired, the tellurium (IV) thiourea complex can be eluted with
6M HCI at room temperature The tellurium iodine separation is quantitative

A Novel Radioiodine-132 Generator

The new method proposed here offer a contribution to the tellurium iodine separation
chemistry, allowng to prepare a convenient iodine 132 generator The milking of radioiodine
from tellurium is extremely simple A catonic ion exchanger serves as an iodine source, from
which carrier free radkxodine can be milked quickly, and repeatedly at any desired moment

Two to three ml of strong cationic Dowex 50W X 8 , 5 0 100 mesh, ion exchanger is
transferred as a slurry and packed into a glass column (8 mm I D ), preparing a bed column of
about 30 mm high The column is washed with five bed volumes of IM HCI, and the excess of
acid washed out with demineralized water

The sample used for the separation was 5 1 0 ml of carrier free telluric acid (' t ? T e ' * 2 I )
To this acid solution. 1 ml of 25 g/1 hidroxylamine hydrochloride was added and the solution
warmed up to 80 90 C during 5 minutes If desired, 1 to 5 mg of tellurite(ate) can be added as
carrier, before addition of the hydroxylamine After reduction of tellurium (VI) to
tellurium (IV), 2 ml of aqueous 50 g/1 thiourea are added After 5 minutes the solution is
percolated through the exchanger at a flow rate of 2 3 ml per rrunute The colorless fraction of
the effluent contains the iodide ion (earner free ' *'' I) The tellurium (IV) thtouree complex is
retained at the top of the column and when tellurite 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 hydrogen ion is detected in the effluent The column is ready to be milked

Radio id me 132 can be milked with water at any desired time The column is exhaustively
eluted with water ano no leakage of tellurium was observed In some experiments, carrier-free
iodine 132 was eluted with 9 g/1 NaCI (for medical use), the elution being very successful, and
no leakage of tellurium was observed as wail Whether using tellurium as carrier or not, the
' adio iodine 132 obtained by the described procedure is radioectively pure, without
contamination of teMunum 132, as confirmed by decay curves and half life determination

If for any purpose the elution of telk .T» is desired, it can be accomplished with 6M HCI
at room temperature

Discussion

Although an ion exchange resin may be used to effect the chromatographic separation of
tellurium and iodine from each other as anions, the separation is not satisfactory and elution
time at well as the volume of eluant are large The novel procedure described here using the
characteristic complex formed between tellurium (IV) and thiourea, a cationic species, strongly
held by a cationic ion exchanger, represents a simplification to the tellurium-iodine sepatation
chemistry If small amount of tellurite ion is used as carrier, the process can be visually



'o'(owed :he sorption of tellurium (IV) thiourea complex resulting >n a beautiful yellow rtng
on the >op of the column Whether telki'ium is used as earner or not. >odtne •$ eluted as
ca- > ie> fi ee radio»sotope

The time lag between addition of thiourea to the sample as introduction of the somt'on
•mo the column is necessary in order to allow sufficient t>me for the complete formation of the
complex The tellurium (IV) thíourea complex is formed rapidly, but tellurium (V!) thiou<ea
complex if formed is attained more stowh/ at room temperatme and piobabiy need warming
TO speed up its formation (probably it 'S reduced to teMur-um(IV) and complexed) We
consrdeied it preferable to add a few milligrams of hydroxyiamme hydrochio'ide p'ior to
rhou'ea addition tellurium (VI) being reduced to tellurium (IV)

A variety of separation techniques, solvent extraction for instance has been applet) to
p'Obiems of isolation and radiochem»cal pu'ification of nuclides The procedure recommended
he>e rs ve^y fast, and with this technique »t is easy to icpeat the ope>ation of eiur on several
t mes v/'thouT great expenditure of time

The selective elution of short lived todme132 from the >on exchange column <s very rapd
'•om the relatively long lived tellurium 132 parent whtch remained stiongiy he'd on the
on exchange If necessary the eluant (water or NaCi solution) can be forced by compi essed a >
o< by the action of a hypodermic syringe through the column to enchance the elution speed

Finally the cation exchange column sepa<at<on of >odne from tei'ur ium can be used as a
tjood example of the tapid ion exchange separation metiiod

Conclusion

The - ad 10 iodine generator described here allows a clean radiochem cai sepd^at on of
'oünc 132 from tellurium 132. the iodine being easily eluted with demine'al'zed water
o 9 g/i NaCl solution at sufficiently high activity

The generator can be recommended for classroom demonstration on radiochem sfy
nucfeomcs t «timngand strongly recommended for medical use (the elution being easly done by
rhe physician at the place of application)

The herein mentioned technique is berng studied for the separation of te'iu. ium 132 fiom
f'sson products'20>and for the >Movery of irradiated (old cooled, used, stocked solution)
rei'ui 'C acid or elemental tellurium for iodine 131 production'21'
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RESUME

Certe etude montre ia nouveaufe presente pour io* .onj de te l 'ue de Icmer complexes cat on.ques



so*ub**s ***<: '» ' h w K em m eu ac>de i*- e»p«ces cai<on-ques tei'u-e ih Oij-ee som to'temen; etenues
dtnt u» •rHv^gs-j ca* on que i a ' t ' f . ^ i c n du 'e"u e dans a ei ne pe-met schemas •nre<esv»n'$ de
itpf»>-on du »e-!u'e ei d aufes on<- 0 ^ ptu* p w m e ' un e'*<.eor vmpie ei coowenab'e gentarew de
•OÒ* '32 dans 'wiue e -ado ode es1 e->jê avec d eao ou avec une w u ' ; o n de NaO 9 g ' -U'vant ie$ be«> n-,

RESUMO

eb't o *o»o m o de jpns de "».u--o •o'ma»«f« tompfexos ca'on'cos so'uve s
com >>ou'C'3 cm me o -K dc A^ eipece- c-t' onias 'e'u o "ou'C'd sao »O'temente atrscvdas num t-orado>
cat'Onco A ••»encao do ie<U"O na -es na pe 'm'e ifi'eujwwtej. e^Quemas de separação do te'u'-o de out'os

G»m «up*1'» n">-f»»* fb1 eiiudacti a sepa-acao oooie-u-io De^c^eve se um g t f e m e s>mp:es e
convenen'e ge >wio d* odo '?? do Qua o •jdo odo fc e'u do com água ou co*n solução NaC' 9g.i quant
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