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Introduction 

Direct separation of carrier-free radio-
active cesium-137 from other fission ac-
tivities has usually been accomplished, in 
the first step, by the use of the ammonium 
or the potassium ion as carrier1). The 
second step, the separation of cecium 
from the carrier ions is, however, fairly 
difficult, especially from potassium. 

Coprecipitation of a trace amount of 
cesium with a thallous salt can be em-
ployed for this purpose, followed by oxi-
dation to thallic state and precipitation 
as hydroxide. 

The following experiments deal with the 
coprecipitation of a trace amount of cesium 
with thallous (1) dipicrylaminate, (2) 
cobaltinitrite, (3) chloroplatinate, (4) phos-
photungstate, (5) silicotungstate, (6) phos-
phomolybdate, (7) copper ferrocyanide, 
(8) chloride, (9) bromide, (10) iodide and 
(11) sulfide. 

The other well known precipitation 
methods, such as iodobismuthate, perchlo-
rate and periodate method, were not tested, 
because these reagents oxidize thallous ions 
to thallic.

Experimental 

The conditions of precipitation and filteration 
were chosen, from the viewpoint of practical 
convenience, to facilitate rapid precipitation and 
immediate filtration. 

Unless otherwise specified in the following, 
the precipitating agent is added to the carrier-
free cesium solution (137Cs imported from U.S.A. 
in 1954, Batch No. 14) and then the thallous ni-
trate solution with constant agitation. The pre-
cipitate is filtered off or centrifuged after thirty 
minutes' agitation and another thirty minutes' 
digestion without stirring. 

The activity was measured by the use of a 
Geiger-Muller tube of the mica end-window type 
and a Tracerlab's "1000" -scaler. 

1. Dipicrylaminate Method2).-A proper 
quantity of carrier-free cesium solution (about 
104cpm. in 0.3N hydrochloric acid) is taken in a

50cc. Erlenmeyer flask and neutralized to thymol 

blue with 0.1N sodium hydroxide solution. About 

100% excess of 3% magnesium dipicrylaminate 

solution is added and the mixture is made up to 

30cc. After cooling for about half an hour in 

ice water, 1cc. of 0.1N thallous nitrate solution 

(containing about 20mg. thallium) is dripped 

with constant stirring. The product is stirred 

for thirty minutes and set aside for another 

thirty minutes in ice water. The precipitate 

is filtered off and washed first with 2cc. of ice 

water, then with two 2cc. portions of diethyl 

ether at 0•Ž. 

The filtrate and the washings are united, made 

up to 50cc. with water and 5 cc. portions are 

evaporated up in small dishes, for their activity 

(A) to be measured. To the same volume of 

the solution, one tenth quantity of the radioactive 

cesium first taken is added and the activity (A') 

is measured after evaporation. The activity of 

cesium removed by coprecipitation (%) is rep-

resented as 100 (A'-2A)/(A'-A). 

2. Cobaltinitrite Method3).-To the carrier-

free cesium solution in a flask, the reagent 

(about 8cc.), prepared from cobaltous nitrate and 

sodium nitrite, is added and diluted to 30 cc. 

Thallous nitrate solution is added dropwise with 

stirring, at room temperature. The precipitate 

is filtered off and washed twice with 10% acetic 

acid solution. 

3. Chloroplatinate Method4).-To the car-

rier-free cesium solution in a flask, about 50% 

excess of 5% aqueous chloroplatinic acid solution 

is added and diluted to 30cc. The thallous 

nitrate solution is added dropwise with mechan-

ical stirring, at room temperature. The precipi-

tate is filtered off with a glass filter and washed 

twice with 98 % ethyl alcohol. The solubility of 

thallous chloroplatinate in water is very small 

and an anhydrous condition as in the case of 

potassium determination is not necessary. The 

precipitate is usually colloidal and filtered with 

difficulty. With vigorous stirring, however, it 

becomes crystalline and is easily filtered. 

4. Phosphotungstate Method.-To the car-

rier-free cesium solution in a flask, 2cc. of 0.1M 

solution of the reagent is added and diluted to 

30 cc. with 3N or 6N hydrochloric acid. At 0•Ž

or 60•Ž, with stirring, the thallous nitrate solu-

tion is added dropwise. The resulting precipitate
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is of colloidal nature and must be separated by 

centrifuging. 

5. Silicotungstate Method5).-The procedure 

is similar to that for the phosphotungstate method; 

0.1M solution of silicotungstic acid was used. 

6. Phosphomolybdate Methods).-To the 

carrier-free cesium solution in a flask are added 

18 cc. of 0.15N nitric acid, 0.15g. of ammonium 

molybdate, and 0.3cc. of conc. phosphoric acid, 

to be diluted to 30cc. The thallous nitrate solu-

tion is added dropwise with stirring at 40-50•Ž, 

for the precipitate to be collected by centrifuging. 

7. Copper Ferrocyanide Methods).-To the 

carrier-free cesium solution in a flask are added 

18 cc. of 0.15N nitric acid, 5cc. of 1/15M potassium 

ferrocyanide solution and the thallous nitrate solu-

tion. The resulting solution is cooled to 0•Ž. Five 

cc. of 1/20M copper sulfate solution is added 

with constant stirring, at 0•Ž. The precipitate is 

collected by centrifuge. This method, originally 

described by H. L. Krieger et at.6) did not use a 

thallium carrier. 

8. Thallous Chloride Method.-To the car-

rier-free cesium solution, 3N hydrochloric 

acid and distilled water are added to produce 

30cc. Of 1N acid solution. After being cooled to 

0•Ž with constant stirring, this solution is treated 

with the thallous nitrate solution. The precipitate 

is filtered off and washed with 1N hydrochloric 

acid at 0•Ž 

9. Thallous Bromide Method.-The cesium 

solution is submitted to a procedure similar to 

that mentioned above, by the use of hydrobromic 

acid. 

10. Thallous Iodide Method7).-Free iodine, 

occasionally. found in hydroiodic acid, may oxi-

dize thallous ion to thallic, interfering with the 

formation of thallous iodide. Potassium iodide 

was used instead of hydroiodic acid. To the 

carrier-free cesium solution in a flask, 1cc. 

of glacial acetic acid and 5cc. of 10% potassium 

iodide solution are added and diluted to 30 cc. 

The thallous nitrate solution is added with stir-

ring, at 0•Ž or at room temperature. The pre-

cipitate is filtered off and washed first with 1% 

solution of potassium iodide in 1% acetic acid 

and then with acetone. 

11. Thallous Sulfide Method.-The carrier-

free cesium solution is evaporated up in a flask to 

eliminate the free hydrochloric acid and treated 

with the thallous nitrate solution and 5 cc. of 1 N 

acetic acid. The product is mixed well and neu-

tralized with concentrated ammonia water with 

further addition of 1cc. excess. The resulting 

solution is made up to 30cc. and, after being heated 

to 60•Ž, bubbled with hydrogen sulfide for thirty 

minutes or for four hours. The precipitate is 

immediately filtered off and washed with am-

moniacal ammonium sulfide solution.

Results and Discussion 

The group of methods shown in Table 
I represents successful coprecipitation ; 
tracer amounts of cesium can be collected 
almost perfectly by these methods. From 
the view-point of avoiding contamination 
with cesium and rubidium which can be 
introduced from the used reagents contain-
ing alkali elements, the cobaltinitrite and 
the copper ferrocyanide method are not 
satisfactory. Chloroplatinic acid is rather 
expensive and is not suitable for 
practical use. Thus, dipicrylaminate or 
the phosphotungstate method is recom-
mended, the former being considered to be 
more suitable. Dipicrylamine is very 
easily purified from metallic contaminants 
before use and the thallous salt of dipicryl-
amine containing cesium activity can be 
decomposed with a dilute mineral acid to, 
precipitate free dipicrylamine, which is 
removed by extraction with an organic 
solvent. The extracted dipicrylamine 
can be recovered for further use. 

The following cautions are, of course, 
needed for the practical use of this reagent 

1) As the precipitation of thallous dipir-
cylaminate takes place in a slightly al-
kaline condition, iron, aluminum and other 
heavy metals must be previously removed.. 

2) Potassium, ammonium and rubidium 
ions form a precipitate with dipicrylamine 
they must be absent in the solution. 

In Table II, the results of unsuccessful. 
coprecipitation are shown. Silicotungstic 
acid is an effective reagent for coprecipita-
tion of a trace amount of cesium or fran-
cium"), when the cesium ion is used as 
carrier, but, when the thallous ion is used,. 
it failed to act as a trace-catcher. 

Phosphomolybdic acid, which was recom-
mended by H. L. Krieger et al.6) as an-
efficient precipitant for cesium, also failed 
to be so when the thallous ion was used. In 
those cases, the failure of coprecipitation 
was supposed to be derived from the dif-
ference in crystal structure between cesium 
and thallous silicotungstate (or phospho-
molybdate). 

The examination of the separation of 
cesium activity from thallium and other 
fission activities is beyond the scope of 
this article. If any presumption could be 
possible, however, the results of the 
methods described in Table II should pro-
vide an important suggestion concerning 
the procedure for separation of thallium.

5) L. E. Glendenin and C. M. Nelson, Paper 283 of 
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Am. Chem. Soc., 74, 4181 (1952). 
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Syst. Nr. 38, Verlag Chemie, Berlin (1940) p. 160. 8) E. K. Hyde, J. Am. Chem. Soc., 74, 4181 (1952).
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TABLE I

COPRECIPITATION OF A TRACE AMOUNT OF CESIUM WITH THALLOUS SALTS (1)

TABLE II 

COPRECIPITATION OF A TRACE AMOUNT OF CESIUM WITH THALLOUS SALTS (2)
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from a trace amount of cesium. Without 
being oxidized to the thallic state, the 
thallous ion can be separated from cesium 
by precipitation as halide or sulfide with 
a slight loss in cesium activity. The 
authors also tested the separation of thal-
lium as thallic hydroxide after oxidation 
with bromine water. The result also 

proved promising. 

Summary 

The possibility of coprecipitation of a 
trace amount of cesium with various thal-

lous salts has been studied. The following 

salts were proved to be efficient: dipicryl-

aminate, cobaltinitrite, chloroplatinate, 

phosphotungstate and copper ferrocyanide; 
of those the dipicrylaminate method was 

recommended. 

Only partial coprecipitation of cesium 

took place with thallous silicotungstate, 

phosphomolybdate, chloride, bromide, io-
dide and sulfide.
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