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The formation of cationic astatine compounds 
with thiourea, thiourea derivatives and some 
N-acylthioureas was investigated in aqueous 
solutions. The ion mobilities in free electro- 
lytes were determined for the detection of 
carrier-free astatine compounds and their 
characterization. Informations about the 
stability of this group of compounds could 
be given after investigations in the presence 
of=halogenide and pseudo halogenide ions /Cl-, 
Br , I-, SCN /. First results on the reaction 
of At/0/+ with thiourea derivatives and 
N-acylthioureas in acid and neutral solutions 
are reported. The cationic astatine compound 
formation with representatives of this group 
is shown. 

INTRODUCTION 

1 
Visser has been the first who reported on the compound 

formation of astatine with thiourea /THS/ and thioacetamide 
+ + 

/TAA/. He supposed a stoichiometry of At/THS/2 and At/TAA/2 
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similar to the iodine compounds 2'3. The astatine thiourea 

complex formation was confirmed by electromigration studies 

in aqueous solutions 4. Under the same conditions a compound 

formation of thioacetamide could not be proved. 

Experiments showed that At/0/+ reacts also with other 

thiourea derivatives and N-acylthioureas. In this pub- 

lication we report on the synthesis, chemical behaviour 

and stability of astatine compounds with sulphur-contain- 

ing ligands. The characterization of the parent compounds 

and the reaction products were carried out by electro- 

migration studies under various conditions. 

EXPERIMENTAL 

Production of 211At 

211At was obtained via /~,2n/ reaction on natural bis- 

muth with 28 MeV s-particles in the Rossendorf cyclotron 

U-120. After thermochromatographic reprocessing of the 

bismuth target, we received 211At in 0.2 ml H20 /Ref. 5/. 

Synthesis 

At/0/+: 

A mixture of 0.05 ml At~ and 0.05 ml O.IN HNO3+O.OIM 

~2Cr207 was heated at 373 K ior 5 min~ 

AtX2: 

0.05 ml solution, containing At/0/+ was added to 0.05 

ml IN HX; AtX2/X=CI-, Br-, SCN-/ was found. 

At-: 

0.05 ml At~ O and 0.05 ml 5% N2H4.H20 were heated at 

373 K for 5 min. 

The characterization of At/@/+ and AtX~ was carried 

out by ion mobility measurements. 
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Cationic compounds of At/b/+ with thiourea, thiourea 

derivatives and N-acylthioureas could be obtained by dif- 

ferent ways: 

i. By the addition of 10-20 ~i of At/0/+-containing solution 

to electrolytes used for electromigration measurements 

containing the complexing agent. 

2. Recomplexation of AtCI~ by the method mentioned above. 

3. Mixing 0.02 ml At~ with 0.02 ml 0.5N HCI and O.OIM 

solution and recomplexation of the formed AtCI2 K2Cr207 

by the addition of an aliquot of the solution, contain- 

ing a sulphur-containing complexing agent. 

4. Mixing At- with a solution, containing O.02M HCIO 4 and 

the complexing agent. 

The measurements of the ion mobilities in different 

free electrolytes were carried out by the method described 

in Refs 6,7. 

RESULTS AND DISCUSSION 

Some data on cationic astatine compounds with sulphur- 

containing ligands are summarized in Table I. The ion 

mobility of the astatine thiourea complex is 2.5+0.1xi0 -4 

/cm2.s-l.v-i/ at /298~0.5/ K and an ion strength of 
-i 

0.05 mol.l �9 Substituted thioureas show lower ion mobilities. 

Ion mobilities, given in Table i, are average results of 

5-8 measurements. Experiments in the presence of O.02M 

HCl doubtlessly confirm the formation of cationic At/8/+ 

compounds with the corresponding ligands. 

In the absence of a complexing agent At/8/§ reacts im- 

mediately with CI- to form AtCI2. Electromigration in- 

vestigations in electrolytes, which contain complexing 

agents and halogenides, hint at the stability of the asta- 
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7~ 3 

~ 1_ ~ cTas=l6'lO-am~ 

0 3 e~eCTHS =2.5.10- mol.t -] 

- 2  ,I I t t I i , J J 
10-3 IO-Z 10-1 

Cx ~ rno[-[ -1 

Fig. i. Electromigration behaviour of the At/I/-thiourea- 
complex in dep_endence of the concentration of thio- 
urea and of X /X = A Cl , o SCN , �9 I /; 
T = /298+O.5/K; ~ 0.05 mol.l -I 

tine thiourea compounds and compounds with further ligands. 

Figure i. shows the results. 

It has been found that the ion mobility of the cationic 

astatine thiourea complex does not depend on the thiourea 

concentration. We established that the complex is stable 

at 298~5 K both in the presence of the complexing agent 

and in the presence of NaCIO 4 solution in acidic and 

neutral solutions. Results are summarized in Fig. 2. 

In Table 2 are given the first results about the 

chemical behaviour of At/0/+ with N-acylthioureas and 

other ligands. 

The cationic complexes exist also in the presence of 

HCI. Their ion mobilities fit into the trend of the ion 

mobilities of compounds mentioned in Table i. 

From the results the following conclusions can be 

drawn: 
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Fig. 2. Ion mobilities of the At/I/-thiourea complex in 
dependence Qf the pH-value T = /298+O.5/K; p = 
0.05 mol.l- • electrol[te = HCI04, NaCI04, NaOH; 
thiourea = 0.02 mol-i -x 

- The ion mobility of the At/0/+-thiourea complex at 
-i 

298~O.5 K and at an ion strength p = 0.05 mol.l fits 

into the series of the monovalent astatine compounds 

2/+ . . . .  ; as /At(H20) , AtX /x = C1 , Br , I , SCN , CICN/ , 
--. 8-12 

N3! characterized till now 

- The composition of the At/8/+-thiourea complex is as- 

to be /At(THS)2/+. sumed 

Starting from /At(THS)2/+ we found that the ion mobili- I 

ty decreases when a ligand of higher molecular mass is 
+ 

bound to At . For the N-acylthioureas it is in the range 
-4 2 -i -i 

of IxlO /cm .s .V /. A composition similar to the 

thiourea complex is probable. 

- The ion mobilities of these new cationic astatine com- 

pounds are independent of the ligands concentration in 

a wide range. 

- The compounds are much more stable than AtI2, the most 

stable astatine compound known till now. 
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Experiments with thioacetamide, thioglycocole and thio- 

acetanilide used as ligands were not successful. In all 

cases an anion was detected in O.O2N HCIO 4 + O.03M ligand 

containing solutions. Its ion mobility corresponded to 

the mobility of At- at the same ion strength. 

The complex formation of At/0/+ with sulphur-contain- 

ing complexing agents correspond to Pearson's theory. 

Preliminary experiments of the reaction of At/8/+ with 

selenonurea derivatives proved that cationic astatine 

compounds are also formed with this group of compounds 13. 

We wish to thank Prof. Dr.Sc. G.J. Beyer, the team at 

the cyclotron U-120, ZfK Rossendorf, Mrs. K. ThOmmel and 

Mrs. Ch. Reitzenstein for their assistance in the measure- 

ments. 
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